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ISINGLASS.  A  solid  glutinous  sulratance,  almost  whoUy  eelatine,  prepared 
chiefly  from  a  fish  of  the  sturgeon  kind,  caught  in  rivers  of  Russia  and  Hun- 
gary. The  belluga  yields  the  greatest  quantity,  as  being  the  largest  and  most 
plentiful  fish  in  the  rivers  of  Russia;  out  the  sounds,  or  air  bladders  of  all 
fresh-water  fish,  yield,  more  or  less,  fine  isinglass,  particularly  the  smaller  sorts, 
found  in  prodigious  quantities  in  the  Caspian  Sea,  and  several  hundred  milea 
beyond  Astracan,  in  the  Wolga,  Yaik,  Don,  and  even  as  far  as  Siberia.  The 
fullowing  is  the  usual  mode  of  preparinff^^isi&glass  :r— The  sounds,  or  other  parte 
of  which  it  is  to  be  made,  are  taken  n^mitiae  fish  while  sweet  and  fresh,  slit 
open,  washed  from  their  slimy  sordes,  diye^ted  of  every  thin  membrane  which 
envelopes  the  sound,  and  then  exposed,  to  stifien  a  little  in  the  air.  In  this  state 
they  are  formed  into  rolls,  about  the  tliickness  of  a  finger,  and  in  length  accor- 
ding to  the  intended  size  of  the  staple :  a  thin  membrane  is  generally  selected 
for  the  centre  of  the  roll,  round  which  the  rest  are  folded  alternately,  and  about 
half  an  inch  of  each  extremity  of  the  roll  is  turned  inwards.  The  due  dimen* 
stons  beuig  thus  obtained,  the  two  ends  of  what  is  called  short  staple  are  pinned 
together  with  a  small  wooden  peg ;  the  middle  of  the  roll  is  then  pressed  a  little 
downwards,  which  gives  it  the  resemblance  of  a  heart-shape ;  and  thus  it  is  laid 
on  boards,  or  hun^  up  in  the  air  to  dry.  The  sounds  which  compose  the  long 
staple  are  longer  than  the  former ;  but  the  operator  lengthens  this  sort  at  plea- 
sure, by  inteifolding  the  ends  of  one  or  more  pieces  of  the  sound  with  each 
other.  The  extremities  are  fastened  with  a  peg  like  the  former,  but  the 
middle  part  of  the  roll  is  bent  more  considerably  downwards ;  and  in  order  to 
preserve  the  shape  of  the  three  obtuse  angles  thus  formed,  a  piece  of  round 
stick,  about  a  quarter  of  an  inch  in  diameter,  is  fastened  in  each  angle  with  small 
wooden  pegs,  in  the  same  manner  as  the  ends.  In  this  state  it  is  permitted  to 
dry  long  enough  to  retain  its  form,  when  the  pegs  and  sticks  are  taken  out,  and 
the  drymg  completed ;  lastly,  the  pieces  of  isinglass  are  collocated  in  rows,  by 
running  packthread  through  the  pe^holes,  for  convenience  of  package  and 
exportation.  The  common  kinds  of  isinglass,  called  the  "book"  and  ''ordinary 
staple,"  are  composed  of  the  membranes,  which  will  not  admit  of  a  similar  for- 
mation with  the  preceding ;  the  pieces,  therefore,  after  their  sides  are  folded 
inwardly,  are  bent  in  the  centre  in  such  manner  that  the  opposite  sides  resem- 
ble the  cover  of  a  book,  from  whence  its  name :  a  peg  being  run  across  the 
middle,  fastens  the  sides  together,  and  thus  it  is  dried  like  the  former.  Thie 
sort  is  interleaved,  and  the  pen  run  across  the  ends,  the  better  to  prevent  its 
unfolding.  Ichthyocolla,  or  isinglass,  is  one  of  the  purest  and  finest  of  the. 
animal  ^ues,  of  no  particular  imeU  or  taste.     Beaten  into  threads,  it  dissolves 


4  IVORY. 

pretty  readily  in  boiling  water  or  milk,  and  forms  a  gelatinous  sulMtance,  which 
yields  a  mild  nutriment,  and  proves  useful,  medicinfdly,  in  some  disorders. 

IVORY.  The  tusk  of  the  male  elephant  It  is  an  intermediate  substance 
between  bone  and  horn — hard,  solid,  white,  and  capable  of  taking  a  good 
polish.  The  finest,  whitest,  and  most  compact  ivory  comes  from  Ceylon,  which, 
It  is  observed,  ke^ps  its  colour  better,  and  therefore  bears  a  higher  value  than 
the  ivory  of  Guinea.  The  article  is  chiefly  consumed  for  the  handles  of  knive?, 
for  ornamental  utensils,  instruments,  cases,  boxes,  balls,  combs,  dice,  slabs  for 
miniature  paintings,  and  an  infinity  of  toys.  The  coal  of  ivory  is  also  used 
in  the  arts  under  the  denomination  of  ivory  black.  The  tooth  of  the  sea- 
horse is  also  called  ivory,  but  from  its  extreme  hardness  it  is  rarely  worked  but 
for  making  artificial  teeth,  for  which  purpose  it  is  admirably  adapted,  on 
account  of  the  extremely  hard  steel-like  white  enamel  which  covers  it  The 
shavings  of  ivory  procured  from  the  ivory  turners,  for  domestic  use,  are  boiled 
in  water,  in  the  same  manner  as  hartshorn  shavings,  and  form  a  jelly  inferior 
to  none.  Any  piece  of  ivory,  scraped  into  shavings,  will  answer  equally  well 
to  sending  to  the  turners,  which  is  not  always  practicable.  In  the  manufac- 
turing of  various  articles  of  ivory  and  bone,  a  difficulty  is  experienced  on 
account  of  their  brittleness ;  they  are  therefore  softened  by  submitting  them 

the 
and 
im- 
mersing them  in  strong  vinegar  for  four  or  five  hours.  When  ivory  is  dis- 
coloured, it  may  be  whitened  or  bleached  by  steeping  it  in  a  strong  solution  of 
alum.  The  ivory  should  then  be  covered  with  cloth,  to  prevent  it  from  drying 
too  quickly,  which  renders  it  liable  to  split 

Ivory  is  stained  of  various  colours  in  the  following  manner :  Red. — ^Take  a 
quarter  of  a  pound  of  the  cuttings  of  scarlet  cloth,  half  a  pound  of  sofc 
■oap;  let  the  soap  be  well  nibbed  into  the  cloth;  then  put  them  into  an 
earthen  vessel,  and  pour  upon  them  two  quarts  of  water ;  afterwards,  boil  them 
for  a  considerable  time,  which  will  extract  all  the  colouring  matter.  The  cloth 
may  then  be  taken  from  the  vessel,  and  the  coloured  liquor  pressed  out  The 
ivory  to  be  stained  is  now  to  be  dipped  in  aquafortis,  then  in  cold  water,  and 
from  thence  into  the  dye,  whilst  it  is  warm,  which  will  stain  it  of  a  beautiful 
red.  Yellow, — Boil  the  ivory  in  a  solution  of  one  pound  of  alum  in  two  quarts 
of  water,  then  immerse  them  for  half  an  hour  in  a  liquid  prepared  by  boiling 
half  a  pound  of  turmeric  in  a  gallon  of  water,  until  it  be  reducea  to  three  quarts, 
and  afterwards  plunge  the  coloured  substance  into  alum  water,  (rrem.— The 
dye  bath  for  this  colour  is  best  made  of  a  solution  of  verdigris  in  aqua  fortis ; 
the  process,  in  other  respects,  may  be  the  same  as  that  described  for  yellow. 
Blue, — Dip  the  ivory  that  has  been  made  green  into  a  hot  and  strong  solution 
of  pearl  ashes,  which  will  turn  it  to  a  fine  blue.  Purple. — Dissolve  one  ounce 
of  sal-ammoniac  in  four  ounces  of  aqua  regia,  to  form  the  dye :  prepare  the 
ivory,  as  in  the  yellow,  by  boiling  it  in  a  solution  of  alum.  Ivory  may  be 
eUvered  by  immersing  a  slip  of  ivory  in  a  weak  solution  of  nitrate  of  silver,  and 
letting  it  remain  till  the  solution  has  given  to  it  a  deep  yellow  colour ;  then 
take  It  out,  and  immerse  it  in  a  glass  vessel  of  clear  water,  and  thus  expose  it, 
in  water,  to  the  rays  of  the  sun :  in  about  three  hours  the  ivory  acquires  a 
black  colour,  but  the  black  surface,  on  being  rubbed,  soon  becomes  changed  to 
a  brilliant  silver. 

IVORY  PAPER,  llie  properties  which  render  ivory  so  desirable  a  subject 
for  the  miniature  painter  and  other  artists,  are  the  evenness  and  fineness  of  its 
grain,  its  allowing  all  water  colours  laid  on  ita  surface  to  be  washed  out  with  a 
soft  wet  brush,  and  the  facility  with  which  the  artist  may  scrape  off  the  colour 
from  any  particular  part  by  means  of  the  point  of  a  knife  or  other  convenient 
instrument,  and  thus  heighten  and  add  brilliancy  to  the  lights  in  his  painting 
more  expeditiously  and  efficaciously  than  can  be  done  in  any  other  way.  The 
objections  to  ivory  are— its  high  price,  the  impossibility  of  obtaining  plates  ex- 
ceeding very  moaerate  dimensions,  and  the  coarseness  of  erain  in  the  larger  of 
these ;  its  liability,  when  thin,  to  warp  by  changes  of  tne  weather,  and  its 


IVORY  PAPER.  5 

property  of  turning  yellow  by  long  ezponire  to  the  light,  owing  to  the  oil  whidi 
it  contains.    Tracdi  made  on  the  surface  of  this  paper  by  a  hard  black  lead 
pencil  are  much  easier  effaced  by  Indian  rubber  than  from  common  drawing 
paper,  which  circumstance,  together  with  the  extremely  fine  lines  which  its 
nard  and  even  surface  is  capable  of  receiving,  peculiarly  adapts  it  for  the 
reception  of  the  most  delicate  kind  of  pencil  drawings  and  oudines.    The 
colours  laid  upon  it  have  a  greater  brilliancy  than  when  laid  upon  ivory,  owinff 
to  the  superior  whiteness  of  the  ground.    Colours  on  ivory  are  apt  to  be  injured 
by  the  transudation  of  the  animal  oil,  a  defect  which  the  ivory  paper  is  free 
from.     The  following  is  the  process  given  by  Mr.  Ainslie  (of  Stratton  eround, 
Westminster,)  to  the  Society  of  Arts,  for  which  he  was  voted  the  sum  of  thirty 
guineas.     "  Take  a  quarter  of  a  pound  of  clean  parchment  cuttings,  and  put 
uiem  into  a  two-quart  pan,  with  nearly  as  much  water  as  it  will  hold ;  boil  the 
mixture  gently  for  four  or  five  hours,  adding  water  from  time  to  time,  to  supply 
the  place  of  that  driven  off  by  evaporation ;  then  carefully  strain  the  liquor 
from  the  dregs  through  a  cloth,  and  when  cold  it  will  form  a  strong  jeUy,  which 
may  be  called  size  No.  1.    Return  the  dregs  of  the  preceding  process  into 
the  pan,  fill  it  with  water,  and  again  boil  it  as  before,  for  four  or  five  hours; 
then  strain  off  the  liquor,  and  call  it  size  No.  2.    Take  three  sheets  of  draw- 
ing paper,  (outsides  will  answer  the  purpose  perfectly  well,  and  being  much 
cheaper  are  therefore  to  be  preferreo,)  wet  tnem  on  both  sides  with  a  soft 
sponge  dipped  in  water,  and  paste  them  together  with  the  size  No.  2.    While 
they  are  still  wet,  lay  them  on  a  table,  and  place  them  on  a  smooth  slab  of 
writing  slate,  of  a  size  somewhat  smaller  than  the  paper ;  turn  up  the  edges 
of  the  paper,  and  paste  them  on  the  back  of  the  slate,  and  then  allow  them  to 
dry  gradually ;  wet,  as  before,  tliree  more  sheets  of  the  same  kind  of  paper, 
and  paste  them  on  the  others,  one  at  a  time;  cut  off  with  a  knife  what  projects 
beyond  the  edges  of  the  slate,  and  when  the  whole  has  become  perfectly  dry, 
wrap  a  small  piece  of  slate  in  coarse  sand  paper,  and  with  this  rubber  make 
the   surface  of  the  paper  quite  even  and  smooth;  ^then  paste  on  an  inside 
sheet,  which  must  be  quite  free  from  spots  or  dirt  of  any  kind,  cut  off  the 
projecting  edges  as  before,  and  when  dry,  rub  it  with  fine  glass  paper,  which 
will  produce  a  perfectly  smooth  surface.     Now  take  half  a  pint  of  the  size 
No.  1,  melt  it  with  a  gentle  heat,  and  then  stir  into  it  three  table  spoonsful 
of  fine  plaster  of  Paris ;  when  the  mixture  is  completed,  pour  it  out  on  the 
paper,  and  with  a  soft  wet  sponge  distribute  it  as  evenly  as  possible  over  the 
surface ;  then  allow  the  surface  to  dry  slowlv,  and  rub  it  agam  with  fine  glass 
paper.      Lastly,  take  a  few  spoonsful  of  the  size  No.   1,  and  mix  it  with 
three-fourtlis  its  quantity  of  water ;  unite  the  two  by  a  gentle  heat,  and  when 
the  mass  has  cooled,  so  as  to  be  in  a  semi-gelatinous  state,  pour  about  one- 
third  of  it  on  the  surface  of  the  paper,  and  spread  it  evenly  with  the  sponge ; 
when  this  has  dried,  pour  on  another  portion,  and  afterwards  the  remainder ; 
when  the  whole  has  again  become  dry,  rub  it  over  lightly  with  fine  glass-paper, 
and  the  process  is  completed ;  it  may  accordingly  be  cut  away  from  the  slao  of 
lUte,  and  is  ready  for  use.*'     The  quantity  oi  ingredients  above  mentioned  is 
sufiicient  for  a  piece  of  paper  17^  by  15|  inches.     Plaster  of  Paris  gives  a  per- 
fectly white  sunace ;  oxide  of  zinc,  mixed  with  plaster  of  Paris,  in  the  propor- 
tion of  four  parts  of  the  former  to  three  of  the  latter,  gives  a  tint  very  near 
resemblins  ivory ;  pr<.  cipitated  carbonate  of  bary tes  gives  a  tint  intermediate 
between  the  two. 


J. 


MCK,  in  Mechanics,  a  portable  machine  for  raising  great  weights  through  a 
^aH  ipaee.  It  consists  of  a  rack  end  pinion  inclosed  within  a  strong  wooden 
^^  and  the  power  is  applied  by  npeans  of  a  winch  or  handle  fixed  upon  Uie 
Utt  of  the  pinion ;  the  upper  end  of  the  rack  is  formed  into  two  horns,  to  take 


tha  better  hold  of  the  ■rticle  to  be  elevated  i  and  frnm  the  lover  end,  twonrongi 
pnjeet  Utmlljr  through  a  longitudinal  groove  in  the  eaie,  which  are  uied  upon 


to  introduce  the  jack  beneath  the  load.     To 
•rpowered,  there  ii  a  ratchet-wheel  and  pall  on 


I  which  the  detcent  of  a  weight  is  made  to 
ited  in  the  annexed  sketch, 


II  when  there 
prerent  the  labourers  being 
the  axis  of  the  pinion. 

JACK  (Kitcheh).  A  machine 
turn  a  spit.  The  ordinaiy  construction 
which  may  be  briefly  described  as  fol- 
low*:—a  is  a  barrel,  round  which  i« 
coiled  ft  line  of  conaiderable  length : 
the  odier  end  of  this  line  is  reered 
through  two  threefold  or  fourfold  pul- 
leys, a  b  and  c.  generally  placed  against 
the  outside  of  the  honte,  and  at  a  conri- 
darahle  height,  so  as  to  allow  the  greater 
range  for  the  weight  d  attached  to  the 
lower  block  e  to  act  in.  Upon  the 
ipindle  of  the  barrel  ii  fixed  a  pulley 
e,  and  a  similar  one  is  also  fitted  to 
the  apit^,  and  round  theie  two  pulleys 
pM«M  an  endless  chain.  The  weight  d 
twiag  sufficient  to  overcome  the  friction 
of  the  machine,  descends  slowly,  and  ud- 
coilt  the  line  by  turning  the  bun-el  round,  which  cauwi  the  spit  likewise  Co  revolve. 
I'o  render  the  motion  equal,  and  to  jirevent  the  jerks  which  would  arise  in  the 
ease  of  the  meat  being  unequally  apitted,  so  aa  to  act  with  more  force  on  one 
side  of  the  apit  than  on  the  other,  a  wheel  of  about  forty  teeth  is  placed  on  the 
axis  of  the  barrel,  and  worka  into  a  double  threaded  acrew,  placed  npnn  the 
spindle  of  the  hnrixontal  fly,  which  thus  pecforma  a  revolution  for  every  two 
leedi  of  the  wheel,  or  twenty  revolutiona  for  one  of  the  barrel  a,  and  by  this 
great  velocity  preventa  any  alteration  in  the  motion  of  the  barrel.  When  the 
weight  ha*  descended  through  its  ranve,  it  is  wound  up  by  a  handle  which  can 
be  &ed  on  a  square  end  of  the  barrel  spin  die.  The  Chinese  crane  would,  per- 
haps, be  found  a  superior  arrangement  to  the  treble  or  fourfold  blocks,  as  the 
frktian  ii  conaiderahly  less. 

JACK  (Shois).  Another  contrivance  for  the  same  purpose  At  the  former, 
but  acting  not  by  a  weight,  but  by  means  of  the  smoke  or  rarefied  air  passing 
up  the  chimney,  which  striking  against  a  set  of  oblique  vanea,  fixed  to  a  ver- 
tical apindle,  causes  it  to  revolve  with  great  rapidity.  Upon  [he  spindle  is  fixed 
a  small  bevilled  wheel  working  into  another  sidbII  wheel  placed  upon  a  horizon- 
tal axis,  which  has  a  screw  cut  unon  the  other  end  of  it ;  this  serew  works 
into  a  wheel  on  the  axis  of  ihe  pulley  that  drives  the  snit :  the  latter  is  thus 
carried  slowly  round.  The  vanes  should  be  placed  in  the  narrow  part  of  the 
chimney,  where  the  motion  of  the  smoke  is  swifleat,  and  ahould  occupy  nearly 
the  whole  space,  so  as  to  intercept  the  greatest  part  of  the  current. 

JACK  IN  THE  BOX.  A  large  wooden  solid  screw,  turning  in  a  hollow  one, 
which  forms  the  upper  part  of  a  strong  wooden  box,  shaped  like  the  frustrum  of 
t  pyramid  :  it  is  uied  by  means  of  levers,  paiaing  through  holes  in  it,  a*  a 
nress  in  packin;;,  and  for  other  purposes. 

JAMB-POSTS.  Thesidepostsofdoora.  Mr. T.N. Parker 
having  noticed  how  rapidly  the  lower  ends  of  door-posts 
decayed  where  they  are  exposed  to  wet,  contrived  a  cut-iron 
socket  for  ihem,  which  is  much  used  in  Shropsiiire,  and  might 
be  generally  introduced  with  advantage.  The  ikeCcJi  in  the 
subjoined  cut  represents  one  of  them  beautifully  cast  by  the 
Colebrook-Dale  Company;  the  weight  of  them  is  only  Tibs. 
the  pair,  and  thej  are  retailed  in  Oswestry  at  !Jif.  the  poimd. 
When  the  increased  durability  and  strength  conferred  by 
theM  metal  sockets,  to  an  important  part  of  a  building,  is  considered,  their 
tnfting  Gpst  will  not,  we  think,  form  an  impcilimcnl  to  their  employment. 
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JAPANNING.  The  art  of  paindng  and  varnishing,  after  the  manner 
originally  practised  hyihe  natives  of  Japan,  in  the  East  Indies.  It  is  employed 
for  the  purpose  of  preserving  and  beautifying  various  articles,  usually  oi  wood 
and  metal,  as  well  as  of  p^per,  leather,  and  cloth,  when  they  are  properly 
prepared  for  the  purpose.  Those  articles  we  most  commonly  And  japanned^ 
are  pieces  of  household  furniture,  cabinet  work,  boxes  of  all  kinds,  trays, 
screens,  &c.  and,  very  generally,  those  articles  made  of  any  of  the  above-men- 
tioned or  similar  materials,  which  it  maybe  desired  to  preserve  from  moisture; 
and  this  it  is  admirably  adapted  to  effect,  from  its  drying  very  hard,  and  being 
impervious  to  water  at  all  moderate  temperatures,  even  to  boiling  in  some 
cases;  but  it  may  be  employed  on  any  dry  substance  that  is  sufficiently 
inflexible  to  prevent  the  japan  coating  from  being  cracked  or  forced  off.  The 
true  japan,  or  that  said  to  be  used  by  the  natives  of  Japan  and  China,  is  a 
sort  of  varnish  or  lacker  peculiar  to  itself.  It  is  sometimes  brought  over  to 
this  country ;  but  on  account  of  tlie  injury  arising  from  its  poisonous  oualities, 
to  those  persons  employed  in  working  with  it,  is  now  seldom  used.  It  is  the 
juice  of  a  peculiar  tree  growing  in  those  parts,  and  is  collected  by  making  an 
incision  into  the  lower  part  of  the  tnmk  of  the  tree,  and  placing  vessels  under* 
neath  to  receive  it  This  juice  has  the  appearance  of  cream  when  it  first  runs 
from  the  tree,  but  on  exposure  to  the  air  it  becomes  black.  It  is  prepared  for 
use  by  submitting  it  to  the  action  of  the  open  air  in  shallow  vessels,  and  is  kept 
constantly  stirred  for  many  hours,  so  that  by  having  all  parts  equally  exposed, 
it  may  become  of  a  uniform  deep  black.  A  portion  of  well-charred  wood 
reduced  to  a  fine  powder  is  added,  and  it  is  then  fit  for  use.  The  Japanese 
first  spread  it  thinly  and  evenly  over  tlie  body  intended  to  be  japanned,  and 
then  dry  it  in  the  sun.  If  necessary,  another  coat  is  laid  on,  and  dried  as 
before.  It  very  soon  becomes  harder  than  most  of  the  substances  on  which  it 
is  laid.  As  soon  as  it  is  sufficiently  hard,  it  is  polished  with  a  smooth  stone  and 
water,  until  it  becomes  as  smooth  and  even  as  a  nlate  of  glass,  and  then  wiping 
it  dry,  it  is  ready  to  be  varnished,  except  when  figures  or  other  ornaments  are 
to  be  drawn  on  it  in  gold  or  silver :  in  that  case,  the  form  of  the  figures  or 
other  ornaments  is  to  be  traced  on  the  work  with  a  pencil,  in  the  varnish  noticed 
below.  When  this  varnish  is  almost  dry,  the  gold  or  silver  leaf  is  to  be  laid 
on ;  the  whole  is  then  readv  to  receive  the  vaniish,  or  finishing  coat,  which 
must  be  spread  on  thin,  and  as  evenly  as  possible.  This  varnish  is  a  particular 
sort  of  oil  procured  in  Japan,  boiled  and  mixed  with  turpentine.  When 
any  other  colour  than  black  is  desired,  the  proper  colour  must  be  mixed  with 
the  varnish,  and  the  whole  spread  on,  particular  care  being  taken  that  it  be 
laid  on  evenly.  The  above  is  the  method  of  japanning  said  to  be  practised  by 
the  natives  of  Japan.  Our  method  differs  from  it  considerably ;  it  is  less 
durable,  but  its  practice  is  not  so  injurious  to  the  health.  We  in  some  cases 
employ  a  priming  or  under  coat  for  the  purpose  of  filling  up  any  inequalities, 
and  niaking  smooth  the  surface  to  be  japanned  ;  but  at  other  times  the  priming 
is  altogether  omitted,  the  coloured  varnish  or  proper  japan  ground  being 
applied  immediately  to  the  substance  to  be  japanned.  The  former  is  the 
method  that  was  usually  practised,  and  still  is,  in  tliose  cases  when  the  surface 
is  very  uneven  and  rough ;  but  when  the  surface  is  smooth,  as  in  the  case  of 
metals,  smooth  grained  wood,  &c.  it  is  now  always  rejected.  The  advantage  of 
using  the  priming  or  undercoat  is,  that  it  makes  a  saving  in  the  Quantity  of 
varnish  used,  because  the  matter  of  which  the  priming  is  composed  fills  up  the 
inequalities  in  the  surface  of  the  body  to  be  varnished,  and  makes  it  easy,  by 
means  of  rubbing  and  water  polishing,  to  procure  an  even  surface  for  the 
varnish.  This  was,  therefore,  such  a  convenience  in  the  cose  of  rough  and 
uneven  surfaces,  that  it  became  an  established  method,  and  is  still  retained  in 
many  instances.  There  is,  however,  this  inconvenience  always  attending  the 
use  of  priming  or  undercoat  of  size  and  whiting,  that  the  iapan  coats  of  var- 
nish and  colour  will  be  constantly  liable  to  be  cracked  and  peeled  off  by  any 
violence,  and  will  not  endure  near  so  long  as  the  bodies  japanned  in  the  same 
manner,  but  without  the  priming.  Tliis  may  be  easily  oDserved  by  comparing 
those  articles  that  have  been  some  time  in  wear,  especially  snuff-lioxes,  in  the 
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japanning  of  which  the  priming  has  been  used,  with  those  in  which  it  has  been 
omitted;  the  Utter  ne^er  ped  or  crack,  or  suffer  damage,  unless  by  great 
violence,  and  such  a  continual  rubbing  as  wastes  away  the  substance  of  the 
varnish,  while  the  Japan  coats  of  the  former  crack  and  fly  off  in  flakes,  when- 
ever any  knock  or  rail,  especially  at  the  edges,  exposes  Uiem  to  injury.  The 
Birmingham  manufacturers  who  originally  practised  the  japanning  only  on 
metals,  to  which  the  reason  before  stated  for  the  use  of  priming  did  not  apply, 
and  who  took  up  this  art  of  themselves,  as  a  new  thing,  of  course  omitted  at 
first  the  use  of  any  such  undercoat,  and  not  finding  it  more  necessary  in  tlie 
instance  of  papier  machi  and  some  other  things,  than  on  metals,  contmue  still 
to  reject  it ;  on  which  account  the  boxes  and  other  articles  of  their  manufac- 
ture are,  with  regard  to  the  wear,  much  better  than  those  on  which  the  priming 
IS  still  used. 

Having  thus  noticed  the  method  originally  practised,  and  the  chief  variation 
in  the  method  now  employed,  ive  shall  pass  on  to  the  manner  of  proceeding 
with  the  work  to  be  japanned ;  the  first  in  order  will  be  the — 

Priming. — ^The  pnming  is  a  composition  of  strong  size  and  whiting.  Tlie 
sice  shouid  be  of  a  consistency  between  the  common  double  size  and  glue,  and 
mixed  with  as  much  whiting  as  will  give  it  a  eood  body,  so  as  to  hide  the  sui"- 
iace  of  whatever  it  is  laid  upon.  But  when  the  work  is  of  a  more  particular 
kind,  it  is  better  to  employ  the  glover's  or  the  parchment  size,  instead  of  the 
common,  and  if  about  a  fourth  of  isinelass  be  added  it  will  be  still  better,  and 
if  not  laid  on  too  thick,  will  be  much  less  liable  to  peel  or  crack.  Tlie  work 
should  be  prepared  for  Uiis  priming  by  being  well  cleaned,  and  brushed  over 
with  hot  size,  diluted  with  two-^irds  of  water,  provided  it  be  of  common 
strength ;  the  priming  should  then  be  laid  on  with  a  brush  as  evenly  as  pos- 
sible, and  left  to  drv«  If  the  surface  be  tolerably  even  on  which  the  priming  is 
used,  two  coats  of  it  laid  on  in  this  manner  will  be  sufficient ;  but  if  on  trial 
with  a  wet  rag  or  sponge  it  will  not  receive  a  proper  water  polish  on  account  of 
any  inequalities  not  sufficiently  filled  up,  one  or  more  coats  must  be  given  it. 
Previous  to  the  last  coat  bein^  laid  on,  Ihe  work  should  be  smoothed  by  rubbing 
it  with  the  Dutch  rushes,  or  nne  glass  paper.  When  the  last  coat  is  dry,  the 
water  polish  should  be  given,  by  passing  over  every  part  of  it  \rith  a  fine  rag 
or  sponge  moistened,  till  the  whole  appear  perfectlv  plain  and  even;  the 
priming  will  then  be  completed,  and  the  work  ready  to  ^receive  the  japan 

g'ound,  or  coloured  varnish.  But  when  wood  or  leather^iiTto  be  japanned,  the 
tter  being  first  securely  stretched  on  a  firame  or  board,  and  no  priming  is 
used,  the  best  preparation  is  to  lay  on  two  or  three  coats  of  coarse  varnish, 
prepared  in  the  following  manner:  **  Take  of  rectified  spirits  of  wine  one  pint, 
and  of  coarse  seed-lac  and  resin,  each  two  ounces.  Dissolve  the  seed-lac  and 
resin  in  the  spirit,  and  then  strain  off  the  varnish."  This  varnish,  like  all 
others  formed  of  spirits  of  wine,  must  be  laid  on  in  a  warm  place,  and  all 
dampness  should  be  avoided ;  for  either  cold  or  moisture  chills  it,  and  thus 
prevents  its  taking  proper  hold  of  the  substance  on  which  it  is  laid.  When  the 
work  is  so  prepared,  or  by  the  priming  with  the  composition  of  size  and  whiting 
before  described,  the  proper  japan  ground  must  be  laid  on. 

Japan  Crroundt, — The  proper  japan  e;rounds  are  either  such  as  are  formed  by 
the  varnish  and  colour,  where  the  whole  is  to  remain  of  one  simple  colour,  or 
by  the  vambh  with  or  without  colour,  on  which  some  painting  or  other  deco- 
ration is  afterwards  to  be  laid.  This  ground  is  best  formed  of  shelMac  var- 
nish, and  the  colour  desired ;  except  in  the  case  of  white,  which  requires  a 
peculiar  treatment,  as  we  shall  presently  explain,  or  when  great  brightness  is 
required,  in  which  case  also  other  means  must  be  pursued.  The  following  is 
the  composition  and  manner  of  preparing  the  shell-lac  varnish : — "  Take  of  the 
best  shell-lac,  five  ounces;  break  it  into  a  very  coarse  powder,  and  put  it  into 
a  bottle  that  will  hold  about  three  pints  or  two  quarts;  add  to  it  one  ^uart  of 
rectified  spirits  of  wine,  and  place  the  bottle  in  a  eentle  heat,  where  it  must 
continue  two  or  three  days,  but  should  be  j&equently  well  shaken.  The  gum 
will  then  be  dissolved,  and  the  solution  should  be  filtered  through  a  flannel 
bag ;  and  when  what  will  pass  through  freely  is  come  off,  it  should  be  put  into 
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m  proper  sized  bottle,  and  kept  carefully  stopped  up  for  use.  The  bag  may 
also  then  be  pressed  with  the  hand  till  the  remainder  of  the  fluid  be  forced  out ; 
which,  if  it  be  tolerably  clear,  may  be  employed  for  coarser  purposes,  or  kept 
to  be  added  to  the  next  quantity  that  shall  be  made,"  Any  pigments  whatever 
may  be  used  with  the  shell-lac  varnish,  which  will  give  the  tint  of  the  ground 
desired,  and  they  may  be  mixed  together  to  form  any  compound  colours ;  but, 
with  respect  to  such  as  require  peculiar  methods  for  produdn^  them  of  the 
first  degree  of  brightness,  we  shall  particularize  them  below.  They  should  all 
be  ground  very  smooth  in  spirits  of  tiurpentine,  and  then  mixed  with  the  var- 
nish. It  should  be  spread  over  the  work  very  carefully  and  even  with  a  camel- 
hair  brush.  As  metals  never  require  the  priming  of  size  and  whiting,  the 
japan  ground  may  be  applied  immediately  to  them,  without  any  other  prepa- 
ration than  cleaning,  except  in  the  instances  referred  to  below. 

White  Japan  Ground*, — The  forming  a  ground  perfectly  white,  and  of  the  first 
degree  of  hardness,  has  not  yet  been  attained  in  the  art  of  japanning,  as  there 
are  no  substances  which  can  be  dissolved,  so  as  to  form  a  very  hard  varnish, 
but  what  have  too  much  colour  not  to  deprave  the  whiteness.  The  nearest 
approach,  however,  to  a  perfect  white  varnish  already  known,  is  made  by  the 
following  composition : — "  Take  flake  white,  or  white-lead,  washed  and  ground 
up  with  the  sixth  of  its  weight  of  starch,  and  then  dried ;  temper  it  properly 
for  spreading  with  the  mastic  varnish  prepared  in  the  following  manner : — 
take  five  ounces  of  mastic  in  powder,  and  put  it  into  a  proper  bottle,  with  a 
pound  of  spirit  of  turpentine ;  let  them  boil  in  a  gentle  heat  till  the  mastic 
be  dissolved,  and  if  there  appear  to  be  any  foulness,  strain  off  the  solution 
through  flannel."  Lay  these  on  the  body  to  be  japanned,  prepared  either  with 
or  without  the  priming,  In  the  manner  as  above  directed,  and  then  varnish  over 
it  with  five  or  six  coats  of  the  following  varnish : — **  Provide  any  quantity  of  the 
best  seed-lac,  and  pick  out  of  it  all  the  clearest  and  whitest  grains ;  take  of 
this  seed-lac  two  ounces,  and  of  gum  animi  three  ounces,  and  dissolve  them, 
being  previouslv  reduced  to  a  coarse  powder,  in  about  a  quart  of  spirit  of  wine, 
and  strain  ofi*  ttia  clear  varnish."  The  seed-lac  will  give  a  slight  tinge  to  this 
composition ;  but  it  cannot  be  omitted  where  the  varnish  is  wanted  to  be  hard, 
though  where  a  softer  will  answer  the  end,  the  proportion  may  be  diminished, 
and  a  little  crude  turpentine  added  to  the  gum  animi,  to  take  off  the  brittle- 
ness.  A  very  good  varnish  entirely  free  from  brittlcness  may  be  formed  by 
dissolving  gum  animi  in  old  nut  or  poppy  oil,  which  must  be  made  to  bod 
gently  when  the  gum  is  put  into  it  The  ground  of  white  may  be  laid  on  in  this 
varnish,  and  then  a  coat  or  two  of  it  may  be  put  over  the  ground,  but  it  must  be 
well  dduted  with  oil  of  turpentine  before  it  is  used.  This,  however,  is  a  long 
time  in  drying,  and  is  more  liable  to  injury  than  the  other,  from  its  tenderness. 

Blue  Japan  Grtnmds  may  be  formed  of  br^ht  Prussian  blue,  or  verditer 
glazed  over  with  Prussian  blue,  or  of  smalt.  The  colour  may  be  mixed  with 
the  shell-lac  varnish,  as  before  directed,  hut  as  the  shell-lac  will  somewhat 
injure  the  colour  by  giving  it  a  yellow  tinge,  where  a  bright  blue  is  required, 
the  method  before  directed  in  tne  case  of  white  grounds  must  be  pursued. 

For  a  Scarlet  Japan  Ground,  vermilion  may  be  used ;  but  its  eficct  is  much 
improved  by  glazing  it  over. with  carmine  or  fine  lake.  If,  however,  the 
highest  degree  of  brightness  be  required,  the  white  varnish  must  be  used. 

For  Briaht  Yellow  Grounds,  king's  yellow  may  be  used,  and  the  effect  will  be 
heightened  by  dissolving  powdered  turmeric  root  in  the  spirit  of  wine,  of  which 
the  upper  or  polishine  coat  is  made,  which  spirit  of  wine  must  be  strained  from 
off  the  dregs  oefore  &e  seed-lac  be  added  to  it  to  form  the  varnish.  The  seed- 
lac  varnish  is  not  equally  injurious  here,  as  in  the  case  of  some  other  colours, 
because,  being  tinged  with  a  reddish  yellow,  it  is  little  more  than  an  addition 
to  the  force  of  the  colours. 

Green  Grounds  may  be  produced  by  mixing  the  Prussian  blue,  or  distilled 
verdigris,  with  kings  yellow,  and  the  effect  will  be  rendered  extremely 
brilliant,  by  hying  them  on  a  ground  of  leaf-gold.  They  may  any  of  them 
be  used  tuccmfully  with  good  seed-lac  varnish,  for  the  reasons  before 
given. 

VOL.  II.  B 
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Orange  Coloured  Grounds  may  be  formed  by  mixing  vermilion,  or  red  lead, 
with  kind's  yellow  or  orange  lake ;  or  red  orpiment  will  make  a  brighter  orange 
ground  than  can  be  produced  by  any  mixture. 

Purple  Grounds  may  be  produced  by  the  mixture  of  lake  or  vermilion  with 
Prussian  blue.    They  may  be  treated  as  the  rest  with  respect  to  tlie  varnish. 

Black  Grounds  may  be  formed  by  either  ivory-black  or  lamp-black ;  but  the 
former  is  preferable.  These  may  be  always  laid  on  with  the  shell-lac  varnish, 
and  have  their  upper  or  polishing  coats  of  common  seed-lac  varnish. 

Common  Black  Japan  Grounds  on  Metalf  by  means  of  heat,  are  thus  performed : 
The  piece  of  work  to  be  japanned  must  be  painted  over  with  drying  oil,  and 
when  it  is  moderately  dry,  must  be  put  into  a  stove  of  such  heat  as  will  change 
the  oil  black  without  burning  it  The  stove  should  not  be  too  hot  when  the 
work  is  put  into  it,  nor  the  heat  increased  too  fast,  either  of  which  errors  would 
make  it  blister ;  but  the  slower  the  heat  is  aucTnented,  and  the  longer  it  is 
continued,  provided  it  be  restrained  within  a  due  degree,  the  harder  wilT  be  the 
coat  of  japan.  This  kind  of  japan  requires  no  polish,  having  received,  when 
properly  managed,  a  sufficient  one  from  the  heat 

The  Torioise-sheU  Ground^  produced  by  heat,  is  not  less  valuable  for  its  great 
hardness,  and  bearing  to  be  made  hotter  than  boiline  water  without  damage, 
than  for  its  beautifiu  appearance.  It  is  to  be  made  by  means  of  a  varnish 
prepared  in  the  following  manner : — Take  one  gallon  of  good  linseed  oil,  and 
naif  a  pound  of  amber ;  boil  them  together  till  the  oil  becomes  very  brown  and 
thick ;  strain  it  then  through  a  coarse  cloth,  and  set  it  again  to  boil,  in  which 
state  it  must  be  continued  tiU  it  acquire  a  consistence  resembling  that  of  pitch ; 
it  will  then  be  fit  for  use.  Having  thus  prepared  the  varnish,  clean  well  the 
substance  which  is  to  be  japanned;  then  lav  vermilion,  tempered  with 
shell-lac  vamith,  or  with  dryine  oil  very  thinly  diluted  with  oil  of  turpentine, 
on  the  places  intended  to  imitate  the  more  transparent  parts  of  the  tortoise- 
shell.  When  the  vermilion  is  dry,  brush  the  whole  over  with  black  varnish, 
tempered  to  a  due  consistence  with  the  oil  of  turpentine.  When  set  and  firm, 
put  the  work  into  a  stove  where  it  may  undergo  a  very  strong  heat,  which  must 
be  continued  a  considerable  time :  if  even  three  weeks  or  a  month  it  will  be 
better.  This  ground  may  be  decorated  with  painting  and  gildine  in  the  same 
manner  as  any  other  varnished  surface,  which  had  best  be  done  after  the  ground 
has  been  hardened ;  but  it  is  well  to  give  a  second  annealing  with  a  more  gentle 
heat  after  it  is  finished.  A  very  good  black  japan  may  be  made  by  mixing  a 
little  japan  ffold  size  with  ivory  or  lamp-black ;  this  will  bear  a  good  gloss 
without  requurine  to  be  varnished  afterwards. 

Cf  Painting  Japan  Work.  Japan  work  should  be  painted  with  colours  in 
varnish ;  and  in  that  case,  all  pigments  or  solid  colours  whatever  may  be  used, 
and  the  peculiar  disadvantages  which  attend  several  kinds,  with  respect  to  oil 
or  water,  cease  with  regard  to  this  sort  of  vehicle,  for  they  are  secured  by  it, 
when  properly  managed,  from  the  least  hazard  of  chan^|;  or  flying.  The 
preparation  of  colours  for  this  use  consists,  therefore,  in  brmgmg  them  to  a  due 
state  of  fineness,  by  grinding  on  a  stone  in  oil  of  turpentine.  The  best 
varnish  for  binding  and  preserving  the  colours,  is  shell-lac ;  this,  when 
judiciously  managed,  gives  such  a  firmness  and  hardness  to  the  work,  that,  if  it 
be  afterwards  further  secured  with  a  moderately  thick  coat  of  seed-lac  varnish, 
it  will  be  almost  as  hard  and  durable  as  glass.  The  method  of  painting  in 
varnish  is,  however,  more  tedious  than  in  oil  or  water.  It  is  therefore  now  very 
usual  in  the  japan  work,  for  the  sake  of  dispatch,  and  in  some  cases  for  the 
freer  use  of  the  pencil,  to  lay  the  colours  on  with  oil  well  diluted  ¥rith  spirits  of 
turpentine.  This  oil  or  japan  gold  size,  as  it  is  called,  may  be  made  in  the 
following  manner : — Take  one  pound  of  linseed  oil,  and  four  ounces  of  gum 
animi ;  set  the  oil  to  boil  m  a  proper  vessel,  and  then  add  the  ^m  animi 
eradually  in  powder,  stirring  it  well,  until  the  whole  be  commixed  with  the  oil. 
Let  the  mixture  continue  to  boil  till  it  appears  of  a  thick  consistence,  and  then 
strain  the  whole  through  a  coarse  cloth,  and  keep  it  for  use.  The  colours  are 
also  sometimes  laid  on  in  e;um  water,  but  the  work  done  in  this  manner  is  not 
near  so  durable  as  that  done  in  varnish  or  oil.    However,  those  who  practise 
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japanning  for  their  amusement  only,  and  consequently  may  not  find  it 
worth  their  while  to  encumber  themselves  with  the  preparations  necessary  for 
the  other  methods,  may  paint  with  water  colours.  If  the  colours  are  tempered 
with  strong  isinglass  size  and  honey,  instead  of  gum  water,  the  work  will  not  bo 
much  inferior  to  that  done  by  the  other  method.  Water  colours  are  sometimes 
laid  on  grounds  of  gold,  in  the  manner  of  other  paintings,  and  look  best  without 
any  varnish  over  them ;  and  they  are  sometimes  so  managed  as  to  have  the 
efiect  of  embossed  work.  The  colours  in  this  way  of  painting  are  prepared  bv 
means  of  isinglass  size  corrected  with  honey  or  sugar  candy.  The  body  with 
which  tlie  embossed  work  is  raised,  is  best  formed  of  strong  gum  water, 
thickened  to  a  proper  consistence  with  bole  armenian  and  whiting  in  equal 
parts  ;  which,  being  laid  on  in  the  proper  figures,  and  repaired  when  dry,  may 
be  then  painted  with  the  intended  colours  tempered  in  the  isinglass  size,  or  in 
the  general  manner  with  shell-lac  varnish. 

Of  Vamukmg  Japan  Work. — The  last  and  finishing  process  in  japanning 
consists  in  the  Ia3nng  on  and  polishing  the  outer  coats  of  varnish,  which  are 
equally  necessary  whether  the  plain  japan  ground  be  painted  on  or  not.      This 
is  generally  best  done  with  common  seed-lac  varnish,  except  on  those  occasions 
where  other  methods  have  been  shown  to  be  more  expedient ;  and  the  same 
reasons  which  decide  as  to  the  propriety  of  using  the  different  varnishes  as 
regards  the  colours  of  the  grmmd,  hold  equally  with  those  of  the  painting ;  for 
where  brightness  is  a  material  point,  and  a  tinge  of  yellow  would  injure  it, 
seed-lac  must  give  way  to  the  whiter  resins ;  but  where  hardness  and  tenacity 
are  essential,  it  must  be  adhered  to ;  and  where  both  arc  necessary,  a  mixed 
varnish  must  be  adopted.     This  mixed  varnish  should  be  made  of  the  picked 
seed-lac,  as  directed  in  the  case  of  the  white  japan  grounds.     The  common 
seed-lac  varnish  may  be  made  thus : — Take  three  ounces  of  seed-lac,  and  wash 
it  well  in  several  waters ;  then  dry  it  and  powder  it  coarsely,  put  it,  with  a  pint 
of  rectified  spirit  of  wine,  into  a  bottle,  so  that  it  be  not  ihore  than  two-thirds 
full ;  shake  the  mixture  well  together,  and  place  the  bottle  in  a  gentle  heat 
till  the  seed  appear  to  be  dissolved,  the  shaking  being  in  the  meantime  repeated 
as  often  as  may  be  convenient ;  and  then  pour  off  all  the  clear,  and  stram  the 
remainder  through  a  coarse  cloth.     The  varnish  thus  prepared  must  be  kept 
for  use  in  a  bottle  well  stopped.     The  whiter  seed-lac  vamisnes  are  used  in  the 
lame  manner  as  the  common,  except  with  regard  to  the  substance  used  in 
polishing ;  which,  where  a  pure  white,  or  great  clearness  of  other  colours  is  in 
question,  should  be  itself  wnite ;  while  the  browner  sorts  of  polishing  dust,  as 
being  cheaper,  and  doing  their  business  with  greater  dispatch,  may  be  used  in 
other  cases.     The  pieces  of  work  to  be  varnished  should  be  placed  near  the 
fire,  or  in  a  warm  room,  and  made  perfectly  dry,  and  then  the  varnish  may  be 
laid  on  with  a  fiat  camel-hair  brusn  made  for  the  purpose :  this  must  be  done 
very  rapidly,  but  with  great  care ;  the  sameiplace  snould  not  be  passed  twice 
over,  in  layine  on  one  coat,  if  it  can  possibly  be  avoided :  the  best  way  of  pro- 
ceeding is  to  begin  in  the  middle,  and  pass  the  brush  to  one  end,  then,  with 
another  stroke  from  the  middle,  pass  it  to  the  other  end,  taking  cnre  that,  before 
each  stroke,  the  brush  be  well  supplied  with  varnish.     When  one  coat  is  dry 
another  must  be  laid  over  it  in  like  manner,  and  this  must  be  continued  at  least 
five  or  six  times.     If,  on  trial,  there  be  not  a  sufficient  thickness  of  varnish  to 
W  the  polish,  without  laying  bare  the  painting  or  ground  colour  underneath, 
inore  must  be  laid  on.     When  a  sufficient  nUmber  of  coats  is  thus  laid  on,  the 
york  is  fit  to  be  polished ;  which  must  be  done,  in  common  cases,  by  rubbing 
It  with  a  piece  of  cloth,  or  felt,  dipped  in   tripoli,    or   pumicestone   finely 
powdered.     But  towards  the  end  of  the  rubbing  a  little  oil  of  any  kind  should 
oe  used  with  the  powder ;  and  when  the  work  appears  sufficiently  bright  and 
E^oisy,  it  should  be  well  rubbed  with  the  oil  alone,  to  clean  it  from  the  powder, 
snd  eive  it  a  still  greater  lustre.     In  the  case  of  white  pounds,  instead  of  the 
^pou,  fine  putty  or  whiting  should  be  used,  but  they  should  be  washed  over  to 
P^vent  the  danger  of  damaging  the  work  from  any  sand,  or  other  gritty 
^^^^^i  that  may  happen  to  be  mixed  with  them.    It  greatly  improves  all  kinds 
^  japan  work  to  harden  the  varnish  by  means  of  heat,  which,  m  every  degree 
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that  it  can  be  applied,  short  of  what  would  bum  or  calcine  the  matter,  tends  to 
give  it  a  more  nrm  and  strong  texture.  Where  metals  form  the  body,  therefore, 
a  very  hot  stove  may  be  used,  and  the  work  may  be  continued  in  it  a  consider- 
able time,  especially  if  the  heat  be  gradually  increased ;  but  where  wood,  or 
papier  tnaclU  is  in  question,  heat  must  be  sparindy  used. 

JIB.  The  projecting  frame  of  a  crane,  to  wnich  the  weight  or  goods  are 
suspended ;  the  term  is  a  corruption  of  gibhet^  evidenced  by  the  similarity  of 
structure.     Jib  is  also  the  name  of  the  foremost  sail  of  a  ship. 

JIB-BOOM  is  a  continuation  of  the  bowspit  forward,  being  run  out  from  its 
extremity  in  a  similar  manner  to  a  top-mast  on  a  lower  mast.  There  is  also 
the  Jlyina  jib-boom,  which  is  a  boom  extending  beyond  the  preceding,  by 
passmg  through  two  boom-irons  fixed  to  the  same. 

JIGGER.  A  machine  consisting  of  a  piece  of  rope  about  five  feet  lone, 
with  a  block  at  one  end,  and  a  sheave  at  the  other,  used  to  hold  on  the  cable 
when  it  is  heaved  into  the  ship  bv  the  revolution  of  the  windlass.  This  is  done 
by  passing  the  tail  round  the  cable  near  the  windlass,  and  the  hind  part  of  the 
rope,  coming  over  the  sheave,  is  stretched  aft  by  means  of  another  rope  passing 
round  the  ji^er  block. 

JUNK.  Remnants  or  pieces  of  old  cable,  which  ai-e  usually  cut  into  small 
pieces  for  making  mats,  gaskets,  &c. 

JURY-MAST.  A  temporary  mast  erected  in  a  ship  in  the  place  of  the 
proper  one. 


K. 

KALEIDOSCOPE.  An  instrument  for  creating  and  exhibiting  an  infinite 
variety  of  beautiful  forms,  pleasing  the  eye  by  an  ever-varying  succession  of 
splendid  tints  and  symmetrical  figures,  and  enabling  the  observer  to  render 
permanent  such  as  may  appear  appropriate  for  any  branch  of  the  ornamental 
arts.  This  instrument,  the  invention  of  Dr.  Brewster,  in  its  most  common 
form  consists  of  a  tin  tube,  containing  two  reflecting  surfaces,  inclined  to  each 
other  at  any  angle  which  is  an  aliquot  part  of  360o.  The  reflecting  surfaces 
may  be  two  plates  of  glass,  plain  or  quicksilvered,  or  two  metallic  surfaces, 
from  which  the  light  suffers  total  reflection.  The  plates  should  vary  in  length, 
according  to  the  focal  distance  of  the  eye :  five,  six,  seven,*  eight,  nine,  and 
ten  inches,  will,  in  general,  be  most  convenient ;  or  they  may  be  made  only 
one,  two,  three,  or  four  inches  long,  provided  distinct  vision  is  obtained  at  one 
end,  by  placing  at  the  other  an  eye-glass  whose  focal  length  is  equal  to  the 
length  of  the  reflecting  planes.  The  inclination  of  the  reflector  that  is  in 
general  most  pleasing  is  18o,  20o,  22|<>  or  the  20th,  18th,  and  16th  part  of  a 
circle ;  but  the  planes  may  be  set  at  any  required  angle,  either  by  a  metallic,  a 
paper,  or  cloth  joint,  or  any  other  [simple  contrivance.  When  tne  two  planes 
are  put  together,  with  their  straightest  and  smoothest  edge  in  contact,  they 
will  nave  the  form  of  a  book  opened  at  one  side.  When  the  instrument  is  thus 
constructed,  it  may  be  covered  up  either  with  paper  or  leather,  or  placed  in  a 
cylindrical  or  any  other  tube,  so  that  the  triangular  aperture  may  be  left  com- 
pletely open,  ana  also  a  small  aperture  at  the  opposite  extremity  of  the  tube.  If 
the  eye  be  placed  at  the  aperture,  it  will  perceive  a  brilliant  circle  of  light,  divided 
into  as  many  sectors  as  tne  number  of  times  that  the  angle  of  the  reflectors  is 
contained  in  360^.  If  this  angle  be  18**,  the  number  of  sectors  will  be  20 ;  and 
whatever  be  the  form  of  the  aperture,  the  luminous  space  seen  through  the 
instnmient  will  be  a  figure  produced  by  the  arrangement  of  twenty  of  these 
apertures  round  the  joint  as  a  centre,  in  consequence  of  the  successive 
reflections  between  the  polished  surfaces.  Hence  it  follows  that,  if  any  object, 
however  ugly  or  irregular  in  itself,  be  placed  before  the  aperture,  the  part  of  it 
that  can  be  seen  through  the  aperture  will  be  seen  also  in  every  sector,  and 
every  image  of  the  object  will  coalesce  into  a  form  mathematically  symmetrical, 
and  liighly  pleasing  to  the  eye.  If  the  object  be  put  in  motion,  the  combination 
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of  images  will  likewise  be  put  in  motion,  and  new  forms,  perfectly  different, 
bnt  equally  symmetrical,  will  successively  present  themselves,  sometimes 
▼anishm^  in  the  centre,  sometimes  emerging  rrom  it,  and  sometimes  playing 
around  in  double  and  opposite  oscillations.  When  the  object  is  tinged  with 
different  colours,  the  most  beautiful  tints  are  developed  in  succession,  and  the 
whole  figure  delights  the  eye  by  the  perfection  of  its  forms,  and  the  brilliancy 
of  its  colouring.  Tlie  eye-glass  placed  immediately  against  the  end  of  the 
mirrors,  as  well  as  another  glass  similarly  situated  at  the  other  end,  is  of 
common  transparent  glass.  The  tube  is  continued  a  little  beyond  this  second 
glass,  and  at  its  termination  b  closed  by  a  ground  glass,  which  can  be  put  on 
and  off.  In  the  vacant  space  thus  formed,  Deads,  pieces  of  coloured  glass,  and 
other  small  bright  objects  are  put  The  changes  produced  in  their  position  by 
turning  the  tube  give  rise  to  the  different  figures. 

KAOLIN.  The  name  given  to  a  kind  of  earth,  which  forms  one  of  the 
ingredients  in  the  manufacture  of  oriental  porcelain.  The  other  ingredient, 
which  is  called  petuntse,  is  easily  vitrifiable,  while  kaolin  is  scarcely  so ;  hence, 
it  is  said,  the  action  of  the  fire  upon  the  mixture  causes  that  semi-vitrification 
called  porcelain.  M.  Bomare,  wno  analysed  some  Chinese  kaolin,  states  its 
composition  to  be  a  compound  earth,  consisting  of  clay,  to  which  it  owes  its 
tenacity ;  of  calcareous  earth,  whence  its  meaiv  appearance ;  and  of  crystals 
of  mica  and  quartz.  Similar  earths  to  the  kaolm  are  often  found  in  the  neigh- 
bourhood of  granites. 

KEDGE.  A  small  anchor  used  to  keep  a  ship 'steady  and  clear  from  her 
bower  anchor  while  she  rides  in  a  harbour  or  river.  They  are  generally  fur- 
nished with  an  iron  stock,  which  is  easily  displaced  for  the  convenience  of 
stowing. 

KEEL.  The  principal  piece  of  timber  in  a  ship,  which  is  usually  first  laid 
on  the  blocks  in  buildin? ;  it  supports  and  unites  the  whole  fabric,  since  the 
stem  and  stem  posts  whicn  are  elevated  on  its  ends,  are,  in  some  measure,  a 
continuation  of  the  keel,  and  serve  to  connect  and  enclose  the  extremities  of 
the  sides  by  transoms,  as  the  keel  forms  and  unites  the  bottom  by  timbers. 

False-keel  is  a  strong  thick  piece  of  timber  bolted  to  the  bottom  of  the  keel, 
which  is  very  useful  in  preserving  its  lower  side ;  in  large  ships  of  war  the  false 
keel  is  composed  of  two  pieces  called  the  upper  and  lower  false  keels. 

Keel  is  also  a  name  given  to  a  low,  flat  oottomed  vessel,  used  in  the  river 
Tyne  to  bring  the  coals  down  from  Newcastle  for  loading  the  colliers ;  hence  a 
collier  is  said  to  carry  so  many  keels. 

KEELSON.  A  piece  of  timber  forming  the  interior  of  the  keel,  being  laid 
upon  the  nuddle  of  the  floor-timbers  immediately  over  the  keel,  and  serving 
to  bind  and  unite  the  former  to  the  latter  bv  means  of  long  bolts  driven  from 
without,  and  clinched  on  the  upper  side  of  the  keelson. 

'  KELP.  A  very  impure  carbonate  of  soda,  obtained  by  the  incineration  of 
sea-weed,  and  chiefly  employed  in  the  manufacture  of  glass.  The  cultivation 
of  the  marine  plants  for  this  purpose  is  now  much  encouraged,  from  the 
increased  value  it  gives  to  those  estates  which  have  an  extent  of  coast  adapted 
to  the  growth  of  the  peculiar  kinds  of  weed  best  suited  to  the  manufacture  of 
kelp.  There  is  a  very  great  difference  in  the  product  of  soda  from  different 
plants,  some  yielding  as  much  as  5  per  cent,  of  the  alkali,  while  others,  not 
even  1  per  cent  Those  parts  of  the  coast  which  are  exposed  to  the  fury  of 
tempests,  or  to  a  heavy  rolling  surf,  prevent  the  plant  from  taking  root  1  hey 
thrive  best  in  sheltered  bays,  where  the  retreat  of  the  tide  leaves  uncovered  an 
extensive  surface  of  rocky  ground,  to  which  the  plants  adhere  by  their  roots.  *> 
The  plant  conunonly  called  tangle  is  the  only  one  to  be  obtained  in  exposed 
situations ;  these  adhere  with  great  force  to  the  rocks,  and  are  obtained  at  the 
low  ebb  of  spring  tides;  they  are  however  of  a  substantial  nature,  and  are 
considered  to  repay  well  for  the  labour  of  collecting,  which  is  usually  effected 
by  cutting  them  off  with  a  sickle  or  reaping  hook.  The  spring  is  the  best  time 
for  making  kelp.  The  marine  plants,  or  sea  weeds,  are  collected  without  dis- 
tinction of  kind,  under  the  general  term  of  wrack,  or  verack  (which  are  pro* 
bably  corruptions  of  the  French  word  vrak),  and  are  first  dried  in  the  air  and 
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sun  precisely  in  the  same  manner  as  in  the  making  of  hay,  being  spread  6nd 
made  up  into  cocks  and  stacks,  so  as  to  keep  it  as  much  as  possible  from  tiie 
rain ;  care  is  likewise  taken  to  prevent  its  getting  nmddy ;  and  sucli  as  may 
collect  mud  in  dragging  it  up  the  beach,  is  washed  in  the  waves  by  means  of 
pitch-forks  or  rakes.  Experience  has  determined  that  the  kilns  for  burning 
vraic  should  not  exceed  about  3  feet  in  width  inside,  nor  more  than  2  feet  6 
inches  high,  but  they  may  be  of  any  convenient  length ;  usually  they  are  about 
18  feet.  In  some  places  holes  are  dug  in  the  ground  to  form  the  kilns,  which 
are  lined  with  stone ;  but  in  these  all  the  vraic  is  rarely  completely  burned,  and 
the  unbumed  portion  yields  no  alkali.  It  is  now  generally  deemed  preferable 
to  erect  the  kiln  on  a  nrm  level  piece  of  ground,  of  such  rough  stones  as  can 
be  easily  got  together,  and  without  mortar  or  cement,  but  the  windward  side  of 
the  kiln  is  generally  covered  up  with  turfs  on  the  outside,  and  if  the  wind  be 
violent,  on  all  sides.  The  process  of  burning  is  commenced  by  igniting  some 
furze  or  heath  in  the  kiln,  on  which  the  vraic  is  tlien  thrown  lightly  in  small 
quantities  at  a  time,  until  the  whole  body  of  the  kiln  is  fully  ignited.  The 
additions  are  then  continued  to  be  made  with  care,  by  only  throwing  on  small 
quantities  at  a  time,  where  a  red  hole  appears  in  the  moss ;  and  thus  the  feed- 
ing is  continued  until  the  collection  of  vraic  is  expended ;  then  as  soon  as  red 
holes  appear,  the  less  iguited  portion  is  stirred  into  them.  The  want  of  due 
attention  to  the  thorough  and  uniform  burning  of  the  vraic,  causes  a  great 
deterioration  in  the  value  of  the  product  Towards  the  close  of  the  burning, 
three  or  four  men  are  usually  employed  in  actively  raking  the  ashes  with  the 
kelp-irons  until  the  whole  contents  of  the  kiln  become  a  semi-fluid  mass. 
Sometimes  a  portion  of  the  kelp  will  be  found  congealed  to  the  sides  of  the 
kiln;  this  is  then  removed  and  worked  up  with  the  rest,  that  it  may  incorporate 
whilst  hot.  If  after  the  raking  is  begun,  the  materials  still  continue  hard  and 
dry,  they  are  allowed  to  bum  a  little  longer.  Sometimes  common  salt  and 
saltpetre  are  added  to  the  ashes  to  increase  the  ignition  and  bring  the  ashes  to 
the  desired  semi-fluid  consistence ;  but  this  measure  is  seldom  found  necessary, 
except  when  the  vraic  has  been  wetted  by  rain  prior  to  burning.  When  a  new 
burning  is  commenced,  the  remaining  unfused  ashes  from  the  previous  operation 
are  introduced  into  the  kiln  by  degrees  along  with  the  fresh  vraic,  but  not  until 
the  Are  has  become  fierce,  and  the  largest  and  hardest  pieces  should  be  put  in  a 
row  along  the  centre  of  the  kiln.  The  kelp,  after  being  made,  should  be  care- 
fully preserved  from  moisture.  In  Scotland  the  kelp  makers  usually  break  the 
lumps  into  pieces  of  about  2  cwt.  each,  which  are  pilea  into  conical  heaps,  covered 
with  dry  vraic,  and  over  all  a  layer  of  turf;  this  preserves  it  well  until  the  time  of 
shipment  Kelp  is  esteemed  of  good  quality  when,  on  breaking  a  piece,  it  is 
hard,  solid,  and  has  some  reddish  and  light  blue  shades  running  torough  it 
When  it  has  none  of  its  peculiar  salt  taste,  it  is  unfit  for  making  ley,  though  it 
may  be  of  use  to  glass  makers. 

KERMES,  is  an  insect  found  in  many  parts  of  Asia  and  the  south  of  Europe. 
On  account  of  their  figure  they  were  a  long  time  taken  for  the  seeds  of  the 
tree  on  which  they  feed,  whence  they  were  called  grains  of  kermes ;  they 
also  bore  the  name  of  vermilion.  It  has  been  much  used  in  dyeing  worsted 
and  woollen  cloth  of  a  scarlet  colour,  though  the  preference  is  given  to  the 
scarlet  from  cochineal,  especially  since  the  discovery  of  the  mode  of  heighten- 
ing its  tint  by  the  solution  of  tin. 

iCERMES-MINERAL  is  usually  prepared  by  1  pound  of  common  antimony 
with  22|  lbs.  of  the  sub-carbonate  of  potash,  and  20  gallons  of  water  in  an 
iron  pot,  filtering  the  liquor  whilst  hot  into  earthen  pans,  and  letting  it  cool 
slowly  for  24  hours,  the  kermes-mineral  is  deposited  in  the  form  of  a  powder  ot 
a  deep  purple  brown  colour.  The  supernatant  liquid,  which  yields  an  orange 
colourea  sediment,  called  the  golden  sulphur  of  antimony,  is  much  used 
by  the  calico  printers  in  the  following  manner : — They  evaporate  and  crystallize 
the  supernatant  liquor ;  the  crystals  are  then  dissolved  in  fresh  water,  and  with 
this  solution,  thickened  with  starch  or  gum,  they  print  their  cloths ;  the  cloths 
after  being  dried,  are  passed  through  a  weak  acid  liquor,  which  separates  the 
golden  sulphur  and  fixes  it  on  the  cloth.     M.  Fabroni  states  that  a  much  finer 
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kerme»'inioeral  may  be  obtained  by  employing  tartar  in  lieu  of  the  alkali  in  the 
usual  process.  Three  or  four  parts  of  the  tartar  are  to  be  mixed  with  one  part 
of  powdered  sulphuret  of  antimony,  and  exposed  to  a  red  heat  in  a  crucible, 
until  the  entire  decomposition  of  the  tartar  is  indicated  by  the  cessation  of 
fumes ;  the  mass  should  then  be  dissolved  in  warm  water,  be  filtered,  and  left 
to  cool,  when  an  abundance  of  very  fine  deep  coloured  kermes  will  be  deposited 
in  the  bottom  of  the  vessel.  This  abundance  of  the  kermes  is,  however,  not 
attended  with  any  diminution  of  the  quantity  or  brilliancy  of  the  eolden  sul- 
phuret subsequently  obtained  by  the  addition  of  acid  to  the  mother  liquor. 

KETCH.  A  vessel  equipped  with  two  masts,  viz.  the  main-mast  and  the 
raizen-mast,  and  usually  from  100  to  200  tons  burthen.  A  bomb-ketch  is  a 
vessel  rigged  ketch  fashion,  and  equipped  for  firing  mortars. 

KEY.  An  instrument  for  opening  locks,  &c.  This  term  is  applied  to  a 
great  variety  of  things  which  it  is  needless  even  to  enumerate. 

KEY  oa  QUAY.  A  long  wharf  by  the  side  of  a  harbour,  river,  or  canal, 
furnished  with  posts  and  rings,  whereby  ships  and  boats  may  be  secured ;  also 
with  cranes,  capstans,  and  other  convenient  mechanism  for  loading  and  un- 
loading. 

KILDERKIN.  A  cask  that  holds  2  firkins  or  18  gallons,  or  72  quarts. 
Two  kilderkins  are  a  barrel,  three  a  hogshead,  and  six  a  butt 

KETTLE.  A  general  name  given  to  variously  formed  vessels  employed  in 
colinary  and  other  operations.  Mr.  D.  Gordon  introduced  an  improvement  upon 
them,  which  is  explained  by  the  subjoined  cut.  It  consists 
simply  in  inclosing  them  in  an  outer  casing  which  surrounds 
their  sides,  but  leaves  them  open  at  the  bottom  for  the 
flame  of  a  lamp  to  act  upon  it.  When  beat  is  applied  to 
vessels  so  constructed,  the  plate  of  air  between  the  cases 
acquires  such  a  temperature  in  the  upper  part  as  to  be 
capable  of  melting  a  rod  of  glass  if  passed  up  the  cavity. 
In  kettles  of  the  usual  construction,  a  much  greater  part 
of  the  heated  air  escapes,  without  producing  any  useful 
effects,  than  in  Mr.  Gordon's,  which  is  proved  by  water  being  sooner  boiled  in 
the  latter;  an  economy  of  time  as  well  as  of  fuel  is  thus  obtained*  Mr. 
Gordon  had  various  other  culinary  vessels  constructed  on  a  similar  plan. 

KILN.  A  structure  or  machine  designed  for  drying  substances  by  the  appli- 
cation of  heat.  Their  forms  are  as  various  as  the  substances  or  manufacture  for 
which  they  are  designed ;  for,  although  it  may  be  said  that  a  certain  kiln  will 
answer  several  purposes,  yet  for  one  single  purpose  we  often  find  a  variety  of 
kilns  employed,  'fhe  reouisite  qualities  in  a  good  kiln  are  cheapness  and  dura- 
bility of  construction ;  effectiveness  in  producing  the  required  result  with  the 
utmost  economy  of  fuel ;  a  perfect  command  of  the  temperature,  and  facility  of 
working.  Ovens  must  be  regarded  as  of  the  same  class  of  apparatus  as  kilns ; 
indeed,  the  terms  kiln  and  oven  are  oflen  indiscriminately  applied  to  the  same 
structure,  as  may  be  noticed  under  several  articles  in  this  work.  Under  the 
bead  of  Limb  the  usual  form  of  lime-kilns  is  described ;  and  under  Co.\l  and 
Iaox,  several  forms  of  coke  ovens.  In  this  place  we  shall  notice  an  admirable 
combination  of  both,  which  was  the  subject  of  a  patent  granted  to  Mr.  Charles 
Heathom  about  seven  years  ago,  since  which  time  it  nos  been  in  successful 
operation  at  Maidstone  and  other  places. 

Heathom**  Patent  Combination  of  a  Lime-kiln  with  a  Coke-oven, — ^The  object 
of  this  invention,  as  expressed  in  the  specification  of  the  patent,  is  the  prepa- 
ration of  quick-lime  and  coke  in  the  same  kiln  at  one  operation.  The  economy 
of  this  process  must  be  evident  from  the  circumstance,  that  the  inflammable 
part  of  the  coal  which  is  separated  to  form  it  into  coke,  is  the  only  fuel 
employed  to  bum  the  lime ;  and  as  the  coke  is  in  many  places  as  valuable  as 
the  coal  from  which  it  is  prepared,  the  cost,  if  any,  of  making  lime,  must  be 
reduced  to  the  most  trifling  amount.  The  engraving  on  the  following  pase 
represents  a  vertical  section  of  the  lime  shaft  and  coke  ovens :  a  a  are  the  side 
walls,  4  feet  thick,  of  a  rectangular  tower,  the  internal  space  being  filled  with 
lime-stone  firom  the  top  to  the  iron  bars  hh  tX  bottom,  whereon  the  whole 


column  reiU.  The  lime-tlone  it  railed  in  a  box  d,  at  other  proper  receptacle, 
to  the  top  of  the  building,  by  meansof  aiib  and  crane  e,  or  other  taclile,  which 
ii  fixed  at  the  Iwck  of  the  tower,  logether  with  a  platform  ptoieclbg  beyond 
the  wall>  for  aflbrding  lecurit;  and  convenience  for  "  landing '  the  hme'itooe ; 
vrhen  railed  as  represented,  tne  jib  19  eirung  round,  and  the  Time-box  tilted,  by 
which  the  vrhole  contents  are  thrown  down  the  thaA.     The  coke  oveni,  of 


which  there  may  he  two,  or  a  greater  or  lener  number,  according  to  the  mag- 
nitude of  the  works,  are  conatnicted  and  arranged  in  conneimn  with  the  Imie 
■haft  in  the  aame  manner  as  the  two  represpiiled  in  Ibe  dingram  nt//  Tliese 
orena  are  supplied  with  coal  through  iron  doon  in  the  front  nail  (not  seen  in 
Ibe  tection) ;  the  doors  hare  a  long  and  narrow  honzonlal  opening  in  the 
upper  part  of  them  to  admit  sufficient  almo^heric  air  to  cause  llie  comhiistiim 
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of  tbe  bituminous  or  inflammable  part  of  tbe  coal ;  the  flames  proceeding  fVom 
thence  pass  into  the  lime  shaft  through  a  series  of  lateral  flues  (two  of  which 
are  brought  into  view  at  gg)f  and  the  draft  is  prevented  from  deranging  the 
process  in  the  opposite  oven  by  the  interposition  of  the  oartition  wall  \  which 
directs  Uie  course  of  the  heat  and  flames  throughout  ttie  whole  mass  of  the 
lime,  the  lowermost  and  principal  portion  of  which  attains  a  white  heat,  the 
upper  a  red  heat,  and  the  intervenmg  portions  the  intermediate  gradations  of 
temperature.  When  the  kiln  is  completely  charged  with  lime,  the  openings 
in  front  and  beneath  the  iron  bars  at  i  i  are  closed  and  barricaded  by  bricks  and 
an  iron-cased  door,  which  is  internally  filled  with  sand  to  effectually  exclude  die 
air,  and  prevent  the  loss  of  heat  by  radiation ;  therefore,  when  the  kUn  is  at 
work,  no  atmospheric  air  is  adniitted  but  through  the  narrow  apertures  before 
mentioned  in  tne  coke  oven  doors.  When  the  calcination  of  the  lime  is  com- 
pleted, the  barricades  at  i  t  are  removed,  the  iron  bars  aibb  are  drawn  out,  by 
which  the  lime  falls  down  and  is  taken  out  by  barrows.  It  sometimes  happens, 
however,  that  the  lime  does  not  readily  fall,  having  caked  or  arched  itself  over 
the  area  that  encloses  it,  in  which  case  a  hooked  iron  rod  is  employed  to 
bring  it  down.  To  &cilitate  this  operation  in  every  part  of  the  shaft  where  it 
may  be  necessary,  a  series  of  five  or  six  apertures,  closed  by  iron  doors,  is 
made  at  convenient  distances  from  the  top  to  near  the  bottom  of  the  shall ;  two 
of  these  are  brought  into  view  at  k  k.  Two  similar  apertures  are  shown  in 
section  in  the  coke  ovens  at  h  6,  which  are  for  the  convenience  of  stoking  and 
clearing  out  the  lateral  fluMO^  from  any  matter  that  might  obstruct  the  free 
passage  of  the  heated  air.  When  the  coals  have  been  reduced  to  coke,  the  oven 
doors  in  front  (not  shown)  are  opened,  and  the  coke  taken  out  by  a  peel  iron, 
the  long  handle  of  which  is  supported  upon  a  swinging  jib  that  acts  as  a  movable 
fulcrum  to  the  lever  or  handle  of  the  peel,  and  facilitates  the  labour  of  taking 
out  the  contents  of  the  oven.  The  operation  of  this  kiln  is  continuous,  the 
lime  being  taken  from  the  bottom  whenever  it  is  sufficiently  burned,  and  fresh 
additions  of  raw  lime-stone  being  constantly  made  at  the  top. 

KiUufor  Drying  Com, — If  air  and  moisture  be  carefully  excluded  from  grain, 
it  may  be  kept  uninjured  for  an  indefinite  length  of  time.  This  is  proved  by 
an  extraordinary  experiment  made  with  some  Indian  cum  found  in  the  graves 
of  the  ancient  reruvians,  buried  more  than  300  years  ago.  Some  of  this  com 
being  sown,  it  vegetated  and  came  to  maturity :  we  believe  a  similar  fact  is 
recorded  respecting  some  grain  found  in  the  ruins  of  Herculaneum.  But  to 
preserve  com,  even  for  a  short  period,  it  should  be  perfectly  diy  when  housed, 
and  carefully  protected  from  dampness ;  but  it  not  unfre^uently  happens,  during 
a  wet  harvest  season,  that  the  com  is  necessarily  carried  from  the  field  in  a 
damp  state ;  and  as  few  farmers  have  the  means  of  properly  and  speedily  dry- 
ing It,  large  quantities  are  irrecoverably  spoiled  after  all  the  labour  and  cost  of 
production.  The  method  of  drying  on  the  perforated  floor  of  a  kiln,  (which  is 
nsually  retorted  to  where  U  can  he  chUaned,)  is  a  venr  tedious,  defective,  and 
expensive  mode,  and  is  attended  with  great  labour,  owmg  to  the  grain  requiring 
to  be  continually  turned  over  and  spread  by  a  workman,  whose  utmost  care 
is  intafficient  to  cause  every  part  to  receive  an  equal  degree  of  heat ;  it  there- 
fore becomes  a  matter  of  considerable  importance  to  devise  a  simple,  efficacious, 
and  economical  method  of  drying  grain  under  these  circumstances,  and  we 
think  Mr.  Jones's  apparatus  for  this  purpose  (shown  in  the  engraving  on  the 
nest  page)  is  well  aoapted  to  the  end  proposed.  Fig.  1  is  a  vertical  section  of 
tbe  apptfatns,  which  is  formed  of  two  iron  cylinders  a  6,  placed  one  within  the 
oCbefy  each  being  closed  at  the  upper  and  lower  end  by  two  concentric  cones 
C  D.  The  annular  space  between  tne  cylinders,  as  also  between  the  cones,  is  an 
inch  and  a  quarter  in  width,  for  the  reception  of  the  grain,  to  be  dried  by  its 
passinff  through  the  machine ;  both  the  internal  and  external  bodies  are  perforated 
throoi^urat  wiUi  about- 2300  holes  to  the  square  foot  The  kiln  is  supported  on 
five  cast-iron  colnmns  or  legs,  three  of  which  are  shown  in  the  section  as  at  E  j 
these  are  attached  to  a  strong  iron  ring  which  surrounds  the  base  of  the  cylin- 
der. From  the  heads  of  these  columns  descend,  along  the  sides  of  the  cone, 
^1^  long  boltiy  as  at  6,  which  are  passed  through  the  tame  number  of  legs  In 
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the  eart-iran  ring  ranrounding  the  neck  of  the  tower  cone  :  from'  thii  |ring 
proceed  fire  itayi,  h  at  1,  which  are  bitened  to  the  middle  of  the  columns  bjp 
a  nut  on  each  aide.  The  body  ii  tuitaineil,  both  externftlly  and  internally,  by 
iron  hoops,  as  at  K,  and  the  distance  between  the  oylinden  is  preserved  by  a 
number  of  short  stays.  In  the  front  of  the  kiln  a  passage  is  cut  out,  ai  at  O, 
in  which  is  fixed  ths  fire  place,  through  which  are  passages  for  the  heated  air 
to  pui  into  the  cylinder.    These  patsagei,  at  well  as  the  Suei,  which  proceed 


dretiilfiuslj  from  the  lire  to  the  chimney,  are  best  shown  in  the  horizontal  aee- 
tion,  Piff.  2 ;  and  in  the  vertical  section  of  the  detached  fire-place,  Fig.  3,  Q  is 
the  fire-hole,  S  the  ash-hole,  T  the  fire-bart,  and  U  the  chimney,  which  passes 
np  nearly  b  the  middle  of  the  kiln.  The  wheat  is  admitted  into  the  kiln  from 
abOTc  through  a  hopper  and  through  the  tube  W,  and  falling  upon  the  apex  of 
the  cone  is  distributed  equally  on  oil  sides  tietween  the  cylinders,  the  little 
o^rities  in  which,  not  only  stighlly  retard  the  descent  of  the  grun,  but  like- 
wise import  to  the  particles,  a  constant,  slow,  rolling  motion,  whereby  every 
indifidoal  grain  is  espoaed  to  the  some  degree  of  temperature ;  the  grain 
frmn  th«nce  conTergei  into  the  lower  cone,  and  ultimately  escapes  through  the 
mout  at  bottom  into  sacks  or  on  to  the  ground  as  maybe  Tequired.  The  passage 
<ff  the  eralnthMUgh  the  machine  maybe  either  accelerated  or  retarded,  accora- 
ing  to  Its  peculiar  condition,  hy  enlwging  or  contracting  the  aperture  througn 
wucfa  it  is  diicharged.  The  moisture  is  carried  off  bv  evBi>oTadon  through  tM 
perforations  of  the  plates   with   great  rapidity.      The  kihi*  may  of  course 


is  carried  off  by  evaporation  through  U 
^      t  rapidit;^'      The  kihis  may  of  cour 
be  made  of  any  dimensions ;  one  of  ax  feet  internal  diameter,  and   twelve 


n  length,  between  the  apexes  of  the  upper  and  lower  ei 
said  to  be  capable  of  perfectly  drying  more  than  . 
24  hours. 


I,  has  been 
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The  following  contrivance  for  drying  g 
Ftanch  papers,  and  announced  as  having  d 


n  has  been  noticed  in  several 
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tiM  departmenti ;  the  olan,  however,  origi- 
Dated  with  m  corresponaent  in  the  Bepkter 
of  ArU.  The  apparatus  cooBists  of  a  long 
spiral  tube  a  a  like  a  distiller's  worm,  reaching 
from  the  basement  to  the  upper  floor  and 
through  the  roof  of  the  granary,  which  forms 
a  passage  for  the  heated  air  from  a  dose  stove 
below.  Externally  round  this  tube  is  placed 
another  tube  h  b,  winding  like  the  interior  one 
in  a  spiral  direction,  and  at  about  an  inch  and 
a  half  from  it ;  this  external  tube  receives  the 
com  from  above  through  a  hopper  c,  and  it  is 
punched  throughout  with  numerous  small 
holes,  through  mich  the  vapour  escapes,  as  it 
ii  formed  by  the  damp  com  coming  in  contact 
with  the  inclosed  heated  chimney;  the  com 
in  consequence  becomes  thoroughly  dried 
before  being  discharged  at  the  bottom,  and 
that  without  the  intervention  of  any  manual 
labour. 

Heberft  Patent  JTi&k— Under  the  article 
CoaN  is  described  an  apparatus  for  washing 
and  separating  the  impurities  with  which  grain 
is  always  to  a  greater  or  less  extent  contami- 
nated ;  and,  as  a  necessary  concomitant  to  that 
machine,  a  kiln  was  devised  for  drying  the 
washed  grain ;  but  as  this  kiln  is  equally  appli- 
cable to  the  drying  of  malt,  seeds,  ana  aU 
other  matters  of  a  similar  kind  and  form,  and 
by  a  mode  that  b  as  novel  as  it  is  efficacious, 
we  give  a  description  of  it  in  this  place.  In 
the  engraving  on  the  next  page,  Fig.  1  exhibits 
a  longitudinal  section  of  the  apparatus,  and 
Fig.  2  a  transverse  section  or  a  long  air- 
trough,  shown  at  e  in  Fig.  1.  At  a  is  shown 
one  of  a  series  of  Aye  or  six  common  iron 
gas  tubes,  pla^  side  by  side,  and  curved  in 
Uie  form  represented  to  constitute  a  fire-place, 
the  ^aoe  between  the  tubes  serving  for  the 
admission  of  air  for  combustion,  which  enters 
through  the  ash-pit  door  b  at  the  side,  pro- 
riML  with  an  air  regulator :  the  fire-place  is  inclosed  in  front  at  c  by  a  common 
door  and  frame.  The  heated  air,  and  other  products  of  combustion  from  the 
fuel,  pass  along  the  flue  cf  to  the  funnel  or  chimney ;  the  bottom  and  two  sides 
of  tlie  flue  cf  are  of  brick,  but  the  top  is  of  uron,  bemff  formed  of  the  bottom  of 
a  long  shallow  iron  box  or  air-trough  e ;  this  box  nas  no  cover  but  one  of 
extremdy  open  woved  canvas,  which  forms  a  part  of  an  endless  doth  or 
band///,  that  is  continually  made  to  travel  lencthwise  over^the  whole  area  of 
the  said  trough ;  the  edges  of  the  doth  gliding  between  grooves  and  over  tie- 
roda,  (shown  in  the  cross  section.  Fig.  2,  where  the  dotted  line  /  indicates  the 
endkss  doth,)  that  prevent  the  doth  from  sagging.  This  doth  is  made  to 
travd  by  the  revolution  of  three  rollers  or  drums  g,%i,  to  either  of  which  the 
moving  power  may  be  applied.  The  doth  is  kept  distended  by  a  self-acting 
tiglitening  roller,  which  is  screwed  against  the  hopper  it;  this  hopper  receives 
the  grain  to  be  dried,  and  Is  provided  with  a  shoe  at  I,  adapted  to  deliver  a 
thin  and  uniform  stratum  of  grain  upon  the  endless  doth,  wnilst  the  same  is 
made  to  pass  under  it,  and  over  the  trough.  Another  endless  hand  m  tn,  of  a 
similar  fabric  to  the  o^er,  passes  round  the  drums  A  i  oidy,  and  is  likewise  too- 
vided  with  a  self-acting  tightening  roller,  fixable  to  any  convenient  object  The 
lower  cnda  of  the  six  tubes  a  of  the  fire-place  before  mentioned  have  an  oftn 
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communication  with  a  rotative  blower  o,  by  means  of  a  broad  channel  pp; 
and  the  upper  ends  of  the  tubes  a  also  onen  into  another  broad  channel  g,  which 
conducts  the  air  into  the  long  air-trough  e.  The  operation  of  this  machine  is 
as  follows.  A  slow  rotation,  derived  mm  any  first  mover,  is  to  be  given  to 
either  of  the  drums  g.  A,  i,  which  will  cause  the  endless  cloth/ to  glide  gradually 
over  the  top  of  the  air-trough  e  ;  at  the  same  time  the  blower  o  has  been  put 
into  action  (by  connexion  with  the  first  mover)  at  a  high  velocity,  so  as  to  pro- 
duce a  rapid  current  of  air,  which  derives  an  increase  of  temperature  on  pass- 
ing under  the  heated  metallic  bottom  of  the  ash-pit;  hence  proceeding  through 


the  tubes  a  it  acquires  considerable  heat,  which  is  subsequently  moderated  by 
an  extensive  diffusion  in  the  air-trough  «,  before  it  passes  through  the  meshes 
of  the  endless  cloth  h  above,  carrymg  with  it  the  moisture  ftom  the  grain 
deposited  thereon.  The  course  taken  by  the  endless  cloth  is  shown  bv  arrows 
in  the  figure ;  upon  its  arriving  at  the  drum  h,  the  other  endless  cloth  m  m 
comes  in  contact  with  the  grain  on  the  cloth  f,  and  upon  both  the  cloths  passing 
round  the  said  drum  A,  the  com  becomes  inclosed  between  the  two  clotns,  and 
is  thus  carried  up  an  inclined  plane  over  the  drum  i,  where  the  cloths  separate, 
and  discharge  the  grain  back  again  Into  the  hopper  A,  to  undergo  a  repetition 
of  the  operation,  should  it  not  be  perfectly  dry.  But  when  the  grain  is  thoroughly 
dried,  instead  of  allowing  it  to  fall  back  into  the  hopper,  a  shoot,  or  the  band 
of  a  creeper,  (not  shown  in  the  drawing,)  is  brought  under  the  roller  t,  which 
conducts  It  to  the  required  place.  A  very  little  experience  in  the  working  of 
this  apparatus  enables  a  person  so  to  regulate  its  operations  as  to  complete 
the  drymg  of  damp  grain  by  a  single  passage  through  it ;  such  as  varying  the 
velocity  of  the  air-forcer,  Uie  quantity  of  niel  in  the  stove,  the  supply  of  air 
through  the  ash-pit,  the  speed  of  the  endless  cloth,  &c.  the  means  of  doing 
which  are  so  well  understood  by  mechanics  as  to  render  a  description  of  them 
unnecessary  in  this  place. 

KITE.  A  fictitious  bird,  made  of  paper.  This  well-known  juvenile  play- 
thing  has  been  of  late  years  applied  to  several  objects  of  utility :  the  fore- 
most of  these,  and  the  most  paramount  in  importance,  is  the  invention  of 
Captain  Dansey,  for  efiectin^  a  communication  between  a  stranded  ship  and 
the  shore,  or,  under  other  circumstances,  where  badness  of  weather  renders 
the  ordinary  means  impracticable.  The  following  is  an  abbreviated  description 
of  the  invention,  extracted  firom  the  forty- first  volume  of  the  Trantactiom  oj 
the  Society  of  Artt^  where  the  subject  is  given  more  in  detail,  with  engraved 
illustrations  :>— A  sail  of  light  canvas  or  holland  is  cut  to  the  shape,  and  adapted 
for  the  application  of  the  principles  of  the  common  flying  kite,  and  is  launched 
from  the  vessel  or  other  point  to  windward  of  the  space  over  which  a  commu- 
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Bkatioii  if  required;  and  as  toon  as  it  appears  to  be  at  a  sufficient  distance,  a  very 
ample  and  efficacious  mecluuilca]  apparatus  is  used  to  destroy  its  poise  and  cause  its 
immediate  descent,  the  kite  remaining  however  still  attached  to  the  line,  and 
moored  by  a  small  anchor  with  which  it  is  equipped.  The  kite,  during  its  flight,  is 
attached  to  the  line  by  two  cords  placed  in  the  usual  manner,  which  preserves 
its  poise  in  the  air;  and  to  cause  it  to  descend,  a  meuenger  is  employed,  made 
of  wood,  with  a  small  sail  rigged  to  it    The  line  beine  passed  through  a  cylin- 
drical hole  in  this  messenger,  tho  wind  takes  it  ranifiy  up  to  the  kite,  where, 
striking  against  a  jpart  of  the  apparatus,  it  releases  tne  upper  cord,  and  by  that 
means  tlie  head  of  the  kite  becomes  reversed,  and  it  descends  with  rapidity. 
In  the  experiments  made  by  Capt.  Dansey,  with  the  view  of  gaining  commu- 
nication with  a  lee-shore,  under  the  supposition  of  no  assistance  being  there  at 
hand,  a  grapnel,  consisting  of  four  spear-shaped  iron  spikes  was  fixed  to  the 
bead  of  the  kite,  so  as  to  moor  it  in  its  fall,  and  in  this  emergency,  the  attempt 
of  some  person  to  get  on  shore  along  the  line,  would  be  the  means  resorted  to. 
In  those  cases  where  a  communication  has  been  gained,  and  the  maintenance 
of  a  correspondence  has  been  the  object,  the  person  to  windward  has  attached 
a  weight  to  the  messenger,  in  some  cases  as  much  as  three  pounds,  which,  havine 
been  carried  up,  has  of  course  descended  with  the  kite ;  the  person  to  leeward 
has  then  furlecl  the  sail  of  the  messenger,  and  loaded  it  with  as  much  weight  as 
the  kite  could  lift ;  then  replacing  the  appluratus,  and  exposing  the  surface  of 
the  kite  to  the  direct  action  of  the  wind,  it  has  rapidly  risen,  the  messenger 
running  down  the  line  to  windward  during  its  ascent    The  kite  with  which 
Capt  Dansey  performed  the  greater  part  of  his  experiments,  extended  1100 
yards  of  line,  five-eighths  of  an  inch  in  circumference,  and  would  have  extended 
more  had  it  been  at  hand.     It  also  extended  360  yards  of  line,  If  inch  in 
circumference,  and  weighing  60  lbs.  \  the  holland  weighed  3|  lbs ;  the  spars,  one 
of  which  was  armed  at  the  nead  wiih  iron  spikes,  for  the  purpose  of  mooring 
it,  6}  lbs. ;  and  the  tail  was  five  times  its  leneth,  composed  of  8  lbs.  of  rope 
and  14  lbs.  of  elm  plank.    A  complete  model  of  the  apparatus  was  deposited 
with  the  Society,  who  presented  Capt  Dansey  with  their  gold  Vulcan  medal  for 
liis  invention  and  communication. 

Messrs.  Vinev  and  Pocock  have  also  recently  applied  a  kite  for  the  drawing  of 
a  carriage,  in  which  they  travelled  from  Bristol  to  London.  See  Vol.  I.  page  323. 

KNEADING  is  the  process  of  making  the  stiff  paste  of  flour  and  water  for 
being  afterwards  baked  mto  bread.  It  is  usually  effected  by  a  sort  of  pommel- 
ing action  of  the  hands  and  arms,  and  sometimes  of  the  feet  of  the  baicers.  A 
variety  of  machines  have  been  at  di£ferent  times  proposed  for  superseding  the  bar- 
barous process  we  have  just  mentioned ;  they  have  however  been  but  veij  partially 
adopted,  the  bakers  in  general  preferring  to  continue  their  '*  good  old-fashioned ' 
dirty  practice.  ''  Pain  d  la  mScimique"  is,  however,  fashionable  in  Paris,  and, 
it  b  to  be  hoped,  will  ere  long  become  so  here.  It  is  said  that  at  Geneva  all 
the  bakers  of  that  city  are  compelled  by  law  to  send  their  dough  to  be  kneaded 
at  a  public  mill  constructed  for  that  purpose.  At  Genoa,  also,  mechanism  is 
employed  for  kneading ;  the  apparatus  employed  at  this  place  has  been  pub- 
lished in  several  of  the  journals,  from  which  it  appears  to  be  so  rude  and  ill- 
contrived  as  not  to  need  a  description  in  this  place. 

1 .  The  petriueur,  or  mechanical  bread-maker,  invented  by  Cavallier  and  Co. 
of  Paris,  seems  to  us  to  be  nearly  the  best  hitherto  introduced.  This  consists 
of  a  strong  wooden  trough,  nearly  square,  with  its  two  longest  sides  inclined,  so 
as  to  reduce  the  area  of  the  trough  u  the  direction  of  its  width,  and  adapt  it  to 
the  dimensions  of  a  cast-iron  roUer,  the  axis  of  which  passes  through  the  ends 
ci  the  trough ;  the  bottom  of  the  trough  is  semi-cylindrical,  leaving  a  small 
space  between  it  and  the  roller,  which  space  is  adjustable  by  levers.  All  along 
tne  top  of  Uie  outside  of  the  roller,  is  fixed  a  knife  edge,  which,  with  the  roller, 
divides  die  trough  into  two  compartments.  Upon  the  axis  of  the  roller  is  a  toothed 
wheel,  which  t^es  into  a  pinion ;  this  pinion  b  turned  by  a  winch,  and  com- 
municates thereby  a  slower  motion  to  the  roller,  and  the  roller,  by  its  rotation, 
Ibices  the  materials  or  dough  through  the  narrow  space  before  mentioned, 
left  between  it  and  the  bottom  of  the  trough ;  the  knife  edge  on  the  top  of  the 
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roller  preventing  the  dough  from  |>auing  by  it.  Being  thus  aU  forced  into  one 
of  the  compartments,  the  motion  of  the  roller  it  reversed  by  turning  the  winch 
die  contrary  way,  ^hich  then  forces  the  dough  back  a^ain  through  the  narrow 
space  under  the  roller  into  the  first  compartment ;  in  wis  manner  the  working 
of  the  dough,  alternately  from  one  compartment  to  the  other,  is  continued  untfl 
completed. 

2.  Another  plan  was  to  make  the  trough  containing  the  dough  revolve  with 
a  number  of  heavy  balls  within  it.  The  trough  in  this  case  is  made  in  the  form 
of  a  pandlelopipedon,  the  ends  being  square,  and  each  of  the  sides  a  parallelo- 
gram, whose  fenptii  and  breadth  are  to  each  other  as  five  to  one.  One  side  of 
the  trough  constitutes  a  lid,  which  is  removed  to  introduce  the  flour  and  water, 
and  the  trough  is  divided  into  as  many  cells  as  there  are  balls  introduced.  The 
patentee  states,  that  by;  the  rotation  of  the  trough  the  balls  and  dough  are 
elevated  together,  and  by  their  falling  down  the  dough  will  be  subjected  to 
beating,  similar  to  the  operations  of  the  baker's  hands. 

3.  Instead  of  employmg  a  revolving  cvlinder,  it  is  fixed,  an  agitator  is  made 
to  revolve,  havinz  a  series  of  rings  angularly  attached  to  an  axis,  extending  the 
whole  length  of  tne  trough. 

4.  Mr.  Clayton,  a  baker  of  Nottingham,  had  a  patent  in  1830  for  a  machine 
somewhat  similar  to  the  last  mentioned,  inasmuch  as  a  set  of  revolving  agita- 
tors are  employed  to  produce  the  kneading  action ;  the  agitators  are  longitu- 
dinal bars,  fixed  to  arms,  which  radiate  from  the  axis,  and  they  are  forced 
through  the  dough  in  their  revolution  ;  but  the  cylinder  in  which  they  revoh-e, 
and  which  contains  the  materials,  ii  made  to  revolve  at  the  same  time  in  a 
contrary  direction ;  the  motion  of  the  latter  being  imparted  by  a  short  hollow 
axis,  while  th^  axis  of  the  former  is  solid  and  passed  tlurouzh  the  hollow  one. 
The  solid  axis,  which  is  turned  by  a  winch,  has  on  it  a  beveued  pinion,  which, 
by  means  of  an  intermediate  bevelled  wheel,  actuates  another  bevelled  pinion 
fixed  on  the  hollow  axis,  and  therefore  causes  it  to  revolve  in  the  opposite 
direction.  These  two  simultaneous  and  contrary  motions  constitute  the  novelty 
claimed  by  the  patentee,  who  states,  that  dough-making  machines,  similar  to  his 
own,  have  all  failed  for  want  of  such  an  arrangement.  This  statement,  coming 
from  a  baker,  commands  attention ;  but  we  cannot  concur  in  its  truth,  since  we 
know  that  the  following  plan  of  a  kneading  machine  works  well  without  oppo- 
site simultaneous  motions,  and  without  any  agitators  or  beaters,  which  absoro  a 
great  deal  of  power  without  producing  an  adeauate  effect 

5.  Hebert*s  Patent  Kneading  Afachine.-^ln  tnis  a  cylinder  of  from  4  to  5  feet 
In  diameter,  and  only  about  18  inches  wide  inside,  is  made  to  revolve  upon  an 
axis,  which  is  fixed  by  a  pin  during  the  revolution  of  the  cylinder.  The  flour  is 
admitted  by  a  door  in  the  periphery,  which  closes  air  and  water-tight ;  and  the 
water  or  liquor  passes  through  a  longitudinal  perforation  in  the  axis,  and  thence 
through  small  holes  amongst  the  flour,  in  quantities  which  are  regulated  exter- 
nally by  a  cock.  By  the  rotation  of  the  cylinder  the  dough  is  made  to  be  con- 
tinually ascending  on  one  side  of  it,  whence  it  falls  over  upon  the  portion 
below.  When  the  mixture  becomes  prettv  intimate  and  uniform,  its  aahesive 
property  causes  it  to  stick  to  the  sides  of  the  cylinder,  and  the  dough  would 
then  be  carried  round  without  much  advancing  the  process,  were  it  not  for 
another  simple  contrivance :  this  is  a  knife-edge  or  scraper,  18  inches  lon^, 
which  is  fixed  alone;  the  top  of  the  cylinder  in  the  inside,  so  as  barely  to  touch 
its  surface ;  the  knife  is  fixed  to  two  flat  arms  extending  from  the  axis,  and 
these  arms  have  sharp  edges  so  as  to  scrape  the  sides  of  &e  cylinder ;  thus  the 
cylinder  is  kept  constantly  clean  from  the  stickine  of  the  dough,  which,  as  soon 
as  it  ascends  to  the  top  of  the  cylinder  (if  it  ooes  not  tear  away  of  itself)  is 
■haved  off  by  the  knife,  and  falls  down  with  great  force  upon  the  bottom ;  and 
as  this  effect  is  constant  during  the  motion  of  the  cylinder,  it  must  be  evident 
that  the  process  of  kneading  is  soon  completed  by  it.  When  that  is  done,  the 
door  of  the  cylinder  is  opened,  and  the  contents  discharged  into  a  recipient 
beneath ;  at  which  time  the  scraper  is  caused,  by  a  winch  on  the  axis,  to  make 
one  revolution  of  the  now  fixed  cylinder,  which  clears  off  any  adhering  dough, 
and  projects  it  through  the  door-way.     As  the  dough  in  this  machine  may  be 
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tftid  to  kneftd  itself,  there  bein^  no  onns,  beaters,  or  ablators  whatever,  it  is 
calculated  that  the  power  savea  by  it  is  very  considerable,  while,  from  the  sim- 
plicity of  its  construction,  the  cost  is  moderate. 

The  patentee  is  at  present  engaged  in  combining  with  this  kneading  machine 
an  apparatus  for  preparing  carlmnated  water,  highlv  charged  with  the  gas,  with 
whicn  he  proposes  to  mix  up  the  flour  to  form  dough,  for  the  purpose  of  making 
the  bread  spongy  or  vesicular,  without  having  recourse  to  the  fermentative  pro- 
cess ;  the  result  of  which  process,  under  the  most  favourable  circumstances,  he 
considers  to  be  detrimental  to  the  health  of  those  that  eat  the  bread,  (owing  to 
the  deposition  of  fermentable  matter  in  the  stomach,)  while  it  is  destructive  of 
a  portion  of  the  nutriment  of  the  flour. 

KNiy£S  (mcbuUng  Forh),  Knives  are  well-known  instruments,  made  for 
cutting  a  great  variety  of  substances,  and  adapted  by  differences  in  form  to 
various  uses ;  but  the  two  principal  sorts  may  be  classed  under  the  terms  of 
pocket-knives  and  table-knives,  with  their  now  necessary  accompaniments, 
forks.  The  manufacture  of  these  articles  in  this  country  is  almost  wholly  con- 
ducted at  Sheffield.  Our  account  of  the  process  of  making  them  must  neces- 
sarily be  concise,  and  afibrd  only  a  glimpse  of  the  procedures,  as  it  is  manifestly 
impossible  for  us  to  transform  the  uninitiated  into  cutlers  by  any  information 
that  we  can  give. 

In  the  maJune  of  pocket-knife  blades,  one  workman  and  a  boy  are  generally 
employed ;  the  boy  attends  to  the  heats,  (that  is,  to  the  rods  of  steel  in  the 
fire,)  which  he  successively  hands  to  the  forger,  and  takes  back  the  rod  from 
which  the  last  blade  was  formed.  One  heat  is  required  to  fashion  the  blade, 
and  a  second  to  form  the  tane;,  by  which  it  is  fastened  into  the  handle.  The 
skill  of  the  forger  is  displayed  in  forming  it  so  perfectly  by  his  hammer,  as  to 
r^uire  but  very  little  to  be  filed  or  ground  on  in  the  subsequent  operations. 
The  springs  for  the  back  of  the  knife,  and  the  scales  which  form  the  rough 
metal  under-handle,  and  to  which  the  other  pieces  are  rivetted,  are  made  bv  a 
distinct  dass  oi  workmen.  In  the  forging  of  table-knife  blades,  and  other 
blades  of  a  similar  or  greater  size,  the  forger  has  an  assistant,  who,  with  a  large 
hammer,  strikes  alternately  with  him  ;  and  the  hammering  of  all  blades  is  con- 
tinued after  the  steel  has  ceased  to  be  soft,  in  order  to  condense  the  metal  and 
render  it  very  smooth  and  firm.  Table-knife  blades  are  usually  made  with  iron 
backs,  which  are  welded  to  ihe  steel  by  a  subsequent  forging,  to  that  of  forming 
the  cutting  ed^ ;  the  thick  piece  that  joins  the  handle,  called  the  shoulder  or 
bolster,  as  well  as  the  tang  tiiat  goes  through  the  handle,  is  forged  out  of  the 
iron  immediately  after  the  welding  of  the  steel  blade :  dies  and  swages  being 
employed  to  perfect  and  accelerate  the  shaping  of  these  parts.  When  the  forging 
B  completed,  the  blades  undergo  the  processes  of  hardening  and  tempering,  already 
explained  in  our  account  of  the  steel  manufacture  (article  Iron).  The  blades 
are  then  ground  upon  a  wet  stone,  about  4  feet  in  diameter,  and  9  inches  wide, 
which  roughs  out  the  work ;  they  are  subsequently  finished  or  wlUtened,  as  it  is 
termed,  upon  a  finer  dry  stone ;  and  the  shoulders  or  bolsters  are  ground  upon 
a  narrow  stone,  about  3  feet  in  diameter,  which  completes  the  grinding.  The 
next  process  is  that  of  glazing  the  blades,  which  is  effected  upon  a  wooden 
wheel,  made  up  of  solid  segments,  well  fitted  and  secured  tc^ether,  and  with 
the  ends  of  the  fibres  of  the  wood  presented  to  the  periphery  of  the  circle ;  over 
this  is  extended  a  piece  of  leather,  which  is  charged  with  emery  or  other  pow- 
ders, adapted  to  the  finish  or  nature  of  the  work  required. 

It  is  only  about  200  years  since,  that  table-forks  were  known  in  England, 
when  they  were  introduced  firom  Italy ;  and  even  now,  in  some  remote  parts 
of  Scotlttid  and  Ireland,  they  are  regarded  as  useless  articles  of  luxury.  The 
cheaper  kind  of  forks  are  made  by  casting  them  from  malleable  pig-metal,  (see 
laov,)  sometimes  denominated  *' run-steel ;"  and  some  of  these,  which  are  well 
annealed  and  worked  under  the  hammer,  turn  out  very  serviceable  and  good. 
Those  made  of  wrought  metal,  were  formerly  either  forged,  and  the  prongs 
drawn  oot  by  the  hammer,  and  welded  toc^ether,  or  they  were  forged  into  one 
solid  piece,  and  the  spaces  between  formed  by  cutting  away  the  metal.  These 
processes,  however,  were  tedious  and  expensive,  and  a  great  improvement  in 
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their  manufacture  hai  been  Introduced.  The  tang,  ahoulder,  and  a  thick,  flat 
piece,  called  the  blade,  are  forged,  and  the  blade  is  then  submitted  to  the  action 
of  a  pair  of  dies,  contained  in  a  powerful  fly  or  stamping-press ;  the  dies  being 
so  formed  as  to  force  or  cut  out  tne  superfluous  portion  of  the  metal  and  raise 
the  curved  swelled  portions  at  the  junction  of  the  prongs,  termed  the  bosom. 
The  forks  after  this  operation  are  filed  up,  ground,  glazed,  and  burnished,  when 
they  are  ready  for  halting,  which  is  a  distinct  business. 

The  instruments  required  for  haftine  knives  and  forks  are  few  and  simple. 
The  principal  are,  a  small  polishing  wheel  and  treddle,  mounted  upon  a  stand, 
a  bench  vice,  and  a  kind  of  hand  vice  to  fix  in  the  bench  vice,  termed  a  snap- 
dragon ;  it  has  a  pair  of  lone  projecting  jaws,  adapted  to  hold  a  piece  of  metal 
or  other  substance,  with  the  flat  side  uppermost,  in  order  to  be  filed  or  other- 
wise worked ;  a  few  files,  drills,  drill-box,  and  breast-plate,  burnishers  and 
bufis,  emery,  rotten  stone,  &c.  The  substances  used  for  covering  the  handles 
are  almost  infinite ;  the  chief  are  bone,  horn,  ivory,  tortoiseshell,  and  wood  of 
ever}'  kind.  The  several  pieces  of  the  handle  being  filed  to  the  shape  intended, 
holes  are  drilled  through  them  for  the  pins  by  which  they  are  afterwards  rivetted 
together*  The  pinning  is  at  first  loosely  done ;  until  the  blades,  springs,  and  all 
the  parts  are  well  adjusted  and  fie  closely,  they  are  then  firmly  rivetted  together. 
'J^he  handles  are  afterwards  scraped  and  then  polished,  by  means  of  bufiiugy 
on  the  wheel. 

KNIFE-SHARPENERS.  Thw  term  has  been  given  to  a  variety  of  con- 
venient modem  instruments,  especially  adapted  to  the  sharpening  of  knives  at 
table,  but  particularly  carvers,  and  are  intended  as  substitutes  for  the  common 
steel.  For  these  instruments  several  patents  have  been  obtained,  and  a  consi- 
derable manufacture  of  them  has  been  established. 

FUton^t  Patent  Sharpener^  without  its  usual  accompanying  ornaments,  is 
represented  in  the  annexed 
cut;  it  consists  of  two  hori- 
zontal rollers,  placed  parallel 
to  each  other,  which  revolve 
freely  upon  their  axes,  (re- 

S resented  by  the  two  black 
ots ;)  at  uniform  distances, 
there  are  fixed  upon  each 
roller,  narrow  cyhnders  or 
rings  of  hard  steel,  the  edees 
of  which  are  cut  into  fine 
teeth,  and  thus  form  circular 
files ;  the  edees  of  the  files  in  the  opposite  rollers  overlap  each  other  a  little,  so 
that  when  a  knife  is  draivn  longitu£nally  between  them,  the  edge  of  the  knife 
is  acted  upon  on  both  of  its  sides  at  once.  The  rollers  turn  round  with  the 
slightest  impulse,  consequently,  they  wear  uniformly,  and  will  last  a  considerable 
time.  A  good  edge  is  given  to  a  knife  by  just  drawing  it  from  heel  to  point 
two  or  three  times  between  the  rollers ;  and  thus  obviates  the  necessity  of  imi- 
tating the  skill  exercised  by  a  butcher  upon  his  steeL 

Weitby8  Knife-tharpener^  which  was  patented  in  1828,  is  a  very  pretty  and 
ingenious  instrument;  an  immense  quantity  of  them  have  been  sold,  and  it  is 
said,  have  been  the  means  of  greatly  enriching  the  proprietor  of  the  patent 
In  the  engraving  on  the  next  page,  Ftg,  1  exhibits  an  end  elevation  of  the  in- 
strument, and  Fig,  2  a  side  elevation  of  the  bars,  with  a  section  of  the  braces  a 
and  b,  to  show  the  interior.  The  same  letters  in  each  figure  have  reference  to 
similar  parts ;  a  is  a  small  oblong  box,  surmounted  by  a  smaller  box  b  ;  in  the 
top  of  the  latter  there  is  a  slit  made  throughout  its  length,  and  of  sufficient 
width  to  receive  the  square  steel  bars  c  e.  The  box  a  has  two  similar  slits. 
The  surfaces  of  the  bars  are  draw-filed,  they  pass  tlirough  the  slit  in  b,  and 
alternately  through  both  slits  in  a,  so  as  to  cross  each  other,  as  shown  in  ^g.  1. 
The  lower  ends  of  these  bars  are  supported  upon  a  plate  of  metal  d,  which  can 
be  elevated,  so  as  to  a  bring  a  different  portion  of  Uie  bars  into  operation,  by 
means  of  the  screw  underneath ;  //  are  two  screws  passing  through  the  holes 


KNIFE-SHARPENERS.  25 

in  d^  to  neterve  ill  puallel  motion,  and  likevlse  lo  lupimit  the  boltom  of  t!io 
bm ;  A  ]•  a  lightening  Krew  to  >teaJj  the  han  c  c. 

The  mode  of  operating  with  lliis  inBtnimenl  i>  merely  lo  place  the  edgp  nf 
the  knife  upon  the  bars,  so  us  to  bisect  the  angle  formed  by  them,  and  then 


draw  the  knife  backward  and  forward.  As  the  anrfaccs  of  the  bars  wear  avaj, 
diflerent  tides  can  be  presented,  or  they  can  be  shifted  from  end  to  end,  lo  u 
to  present  fresh  surfaces  to  the  knife. 

Ckurch't Palmt  Knift-iharptner  conaists  of  two  very  Hal  truncated  cones,  fixed 
with  their  smaller  surfaces  together,  and  with  several  rectangular  pruiceliont 
in  tbe  one,  fitting  into  similar  cavitiei  in  the  other,  Tlic  conical  surfaces  of 
both  piece*  are  terrated  with  a  series  of  very  fine  leeth  eitending  angularly 
towards  (heir  eentres ;  these  are  placed  upon  the  shank  of  the  fork,  hctween 
the  shoulder  and  the  handle,  with  which  they  correspond  in  diameter  so  nearly 
•s  lo  eonslituta  an  ornamental  finish  to  the  small  end  of  the  handle.  In  ihe 
puitton  and  siie  of  these  consist  the  principal  merit  of  the  sharpener.  When 
used  for  sharpening  scythe^  or  other  large  cutting  inslruments,  the  conical 
pieces  are  made  larger.  Bud  fitted  on  an  axis  between  two  prongs  of  a  forked 
qiparatus,  vith  an  appro  pi  tate  handle. 

WtMif'i  teamd  Patent.  —  The  extra  ordinary  success  attendant  upon  Mr. 
Weslby's  contrivance  for  sharpening  lable-knives  induced  him  to  figure  a 
lecoDd  time  at  a  patentee,  "  for  certain  improved  apparatus  to  be  used  for  the 
puipote  of  whetting  or  sharpening  the  edges  of  the  blades  of  ptnhiivei,  i 
maaelktT  cutting  hulnimenlt."  The  first  improvement  mentioned  in  tli 
fication  consists  in  the  application  to  a  hone,  or  oil-stone,  of  a  guide 
the  edge  of  the  razor,  or  other  cutling  instiuinent,  at  the  same  angle 
respect  to  the  surface  of  the  hone,  during  the  operation  of  whelting.  This  is 
efiected  in  two  ways ;  first,  by  placing  over  the  hone  a  plate  of  metal  extending 
ib  whole  length,  and  adjustable,  at  any  required  distance  parallel  to  its  aurface, 
by  set  screws;  now,  in  the  operation  of  sharpening,  the  back  of  the  inslrumerit 
it  kept  resting  upon  ihe  guide-plate,  while  the  edge  is  applied  to  the  hone. 
TLe  second  method  consists  in  the  application  of  two  hones  placed  in  an  erect 
podtioD,  with  a  space  between  them  for  the  razor,  which  is  to  be  fixed  by  picrent 
into  a  tmall  horizonlal  frame,  made  lo  slide  upon  a  circular  rod,  so  that  the 
edge  can  be  applied  alternately  to  the  hones ;  these  can  be  elevnted  and 
drpreased  at  pleasure,  so  Ihat  their  surfaces  may  be  uniformly  worn  while  in 
Die  The  patentee  also  mentions  in  his  specification  a  method  of  attaching  to 
hit  hone  a  leather  strap  which  is  made  double,  and  kept  stielched  by  adjuttiiig 
■ovwa  attached  to  the  frame  of  the  hone,  or  else  to  the  end  of  a  rod  extending 


in  the  speci- 
ide  to  keep 
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leogthways  between  the  two  folds  of  leather.  This  hist  contrivance  does  not 
appear  to  us  to  be  scientifically  adapted  to  the  object  in  view,  as  the  pressure 
of  the  edge  of  the  instrument  upon  a  strap  of  leather  only  supported  at  its 
extremities,  must  produce  a  tendency  in  the  leather  to  wrap  round  the  acute 
angle  of  the  edge  of  the  instrument,  and  render  it  obtuse. 

L. 

LABORATORY.  A  place  fitted  up  and  supplied  with  the  necessary 
apparatus  for  chemical  operations.  Laboratories  for  conducting  chemiciu 
processes  on  a  large  manufacturing  scale  will  of  course  varv  in  their  arrange- 
ments according  to  the  main  object  for  which  they  are  designed.  For  experi- 
mental and  ^neral  purposes  a  laboratory  is  more  advantageously  placed 
above  than  bdow  ground,  that  it  may  be  as  dry  as  possible ;  the  air  must 
have  free  access  to  it ;  and  it  must  even  be  so  constructed  that,  by  means  of 
opposite  openings,  a  current  of  air  may  be  admitted  to  carry  off  noxious 
vapours.  A  chimney  ought  to  be  constructed  so  high  that  a  person  may 
easily  stand  under  it,  and  extending  the  leneth  of  one  of  the  side  walls. 
The  chimney  should  be  high,  and  sufficient^  contracted  to  make  a  good 
draught  When  charcoal  is  the  only  fiiel  to  be  employed  no  soot  wiu  be 
deposited,  and  therefore  it  need  not  be  so  wide  as  to  allow  a  chimney-sweeper 
to  pass  up  it.  Under  this  chimney  may  be  constructed  some  brick  furnaces, 
particularly  a  meitine  fiimace,  a  furnace  Tor  distilling  with  an  alembic,  and 
one  or  two  ovens  luce  those  in  kitchens.  The  rest  of  the  space  ought  to  be 
filled  up  with  stands  of  different  heights,  from  a  foot  to  a  foot  and  a  half,  on 
which  portable  furnaces  of  all  kinds  are  to  be  placed.  These  furnaces  are  the 
most  convenient,  from  the  facility  of  disposing  of  them  at  pleasure ;  and  they 
are  the  only  funuices  which  are  necessarv  in  a  small  laboratory.  A  double 
pair  of  bellows  of  moderate  size  must  also  be  placed  as  commodiously  as 

Possible  under  or  near  to  the  chimney,  and  having  a  pipe  directed  towards  the 
earth  where  the  foige  is  to  be  placed.  The  necessary  furnaces  are  the  simple 
furnace,  for  distilling  with  an  alembic,  a  lamp  furnace,  two  reverberatoiy 
furnaces  of  different  sixes  for  distilling  with  retorts ;  an  air  or  melting  furnace, 
an  assay  fhmace,  and  a  forge  furnace.  Under  the  chimney,  at  a  convenient 
heiffht,  should  be  a  row  of  hooks  driven  into  the  back  and  side  walls,  upon 
which  are  to  be  hung  small  shovels,  iron  pans,  tongs,  pincers,  pokers,  and 
various  utensils  for  disposing  the  fiiel  and  managing  the  crucibles.  To  the 
walls  of  the  laboratory  should  be  fixed,  or  suspended,  rows  of  shelves,  of 
different  breadths  and  heights,  for  containing  bottles  and  glass  vessels,  which 
should  be  as  numerous  as  is  possible,  that  the  products  of  operations  may  be  con- 
veniently retained.  The  most  convenient  place  for  a  stone  or  leaden  cistern  to 
contain  water,  is  a  comer  of  the  laboratory,  and  under  it  a  sink  ought  to  be 
placed,  with  a  pipe  by  which  the  water  poured  into  it  may  discharge  itself.  As 
the  vessels  are  always  cleaned  under  this  dstem,  cloUxs  and  bottle-brushes 
ought  to  be  hung  upon  hooks  fastened  in  the  walls  near  it  In  the  middle  of 
the  laboratory  a  large  table  is  to  be  placed,  on  which  mixtures  are  to  be  made, 
preparations  for  operations,  solutions,  precipitations,  small  filtrations ;  in  short, 
whatever  does  not  require  fire,  excepting  that  from  a  lamp.  In  convenient 
parts  of  the  laboratorv  are  to  be  placed  blocks  of  wood  upon  mats,  one  of  which 
u  to  support  a  middle-sized  iron  mortar,  another  a  support  for  a  middle-sized 
marble,  or  hard  stone  mortar,  and  a  thurd  for  an  anvu.  Near  to  the  mortars 
are  to  be  hung  sieves  of  different  fineness  and  sizes ;  and  near  to  the  anvil,  files, 
rasps^  pincers,  shears,  and  other  convenient  utensils  for  working  metals,  or  giving 
them  proper  forms  for  the  several  operations ;  two  movable  trestles,  to  support 
a  large  filter  or  other  apparatus,  that  they  may  be  disposed  of  conveniently.  On 
account  of  the  dust  from  charcoal,  the  stock  of  this  article  had  better  be  placed 
contiguous,  but  not  inside  the  laboratory ;  also  some  dried  furze  or  other  ouick 
burning  fuel.  In  Uie  same  place  ma3r  be  put  bulky  articles,  bricks,  tiles,  clay,  lime, 
sand,  and  many  other  thines  useful  in  chemical  operations.  A  small,  solid  table, 
lor  a  levigating  stone  and  muller ;  small  mortars,  of  iron,  glass,  agate,  and 
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Wedgwood  ware ;  earthen,  ttone,  metal,  and  glaaa  vefsels  of  different  kinds ;  flin- 
nela,  measnrei,  glasa-tubes ;  apatolas  of  wood,  metal,  ivory,  and  glass ;  pasteboards, 
writing  paper,  unnxed  paper,  clean  straws,  horns,  corks,  bladders,  linen  strips, 
Intinei,  cements,  paste,  glue,  portable  bellows,  brushes,  boxes,  &c.  &c.  are  all 
occasionally  wanted  in  a  laboratory.    See  Ure^»  DicHomfiy  of  Chemutry, 

LAC.  A  resinous  substance,  the  product  of  an  msect  found  on  several 
different  kinds  of  trees  in  the  £ast  Indies.  These  insects  pierce  the  small 
branches  of  the  trees  on  which  they  feed ;  and  the  juice  that  exudes  from  the 
wounds  is  formed  by  them  into  a  kmd  of  cells  lor  their  eggs.  Lac  is  imported 
into  this  country  adhering  to  the  branches  in  small  transparent  grains,  or  in 
seaii-tTBnsparent  flat  cakes.  The  first,  encrustine  the  oranches,  is  called 
stick-lac ;  the  second  (are  the  grains  picked  off  uie  branches,  and  called 
seed-lac ;  the  third  is  that  which  has  undergone  a  simple  purification,  as 
we  shall  presently  notice.  There  is  a  fourth  called  lump-lac,  made  by 
melting  the  seed-lac,  and  forming  it  into  lumps.'  To  purify  the  lac  for  use 
the  natives  of  India  put  it  into  long  canvas  oags,  which  they  heat  over  a 
chareoal  fire  until  the  resin  melts ;  a  portion  of  the  lac  then  exudes  through 
the  bags,  which  are  subsequently  twisted,  or  wrung  by  means  of  cross  sticks  at 
the  ends  of  the  bags,  the  surface  of  the  hitter  being  scraped  at  the  same  time 
to  accelerate  the  process.  The  chief  consumption  of  lac  in  this  countnr  is  in 
the  manufacture  of  sealing-wax  and  varnishes.  It  has  been  a  great  desideratum 
among  artists  to  render  shell-lac  colourless,  as,  with  the  exception  of  its  dark 
brown  hne,  it  possesses  all  the  properties  essential  to  a  good  spirit  varnish  in  a 
hieber  degree  than  any  other  known  resin.  A  premium  of  a  gold  medal,  or 
thirty  ffoineas,  for  "  a  varnish  made  from  shell  or  seed-lac,  equally  hard,  and 
as  fit  ror  use  in  the  arts,"  as  that  at  present  prepared  from  other  substances, 
was  ofiered  for  some  years  by  ihe  Society  of  Arts.  The  editor  of  the  Franklin 
Joiarmal^  of  Philadelphia,  observes,  in  reference  to  the  foregoing,  that  "  these 
ends  are  perfectly  attained  by  the  process  given  by  Dr.  Hare,  which  leaves 
nothing  to  desire,  excepting  on  the  score  of  economy."  Were  the  oxymUriate 
of  potash  to  be  mammurtured  in  the  large  way,  the  two  processes,  that  of 
manng  the  salt  and  of  bleaching  the  resin,  mi^ht  be  advantageously  combined. 
**  Diasohre,"  (aays  Dr.  Hare,)  "  m  an  iron  kettle,  one  part  of  pearl-ash  in  about 
eight  parta  of  water ;  add  one  part  of  seed  or  shell-lac,  and  heat  the  whole  to 
ebullition ;  when  the  lac  is  dissolved,  cool  the  solution,  and  impregnate  it 
with  chlorine  till  the  lac  is  all  precipitated.  The  precipitate  is  white,  but  its 
eoloor  is  deepened  by  washing  and  consolidation;  dissolved  in  alcohol,  lac 
Ueached  by  the  process  above-mentioned  yields  a  varnish  which  is  as  free 
from  colour  as  any  copal  varnish."  About  the  same  period  of  time  as  the 
pnfalieation  of  the  foregoing,  the  before-mentioned  premium  of  the  Society 
of  Arts  .was  claimed  by  two  persons,  Mr.  George  Field,  and  Mr.  Henry 
Liming.  The  Society,  upon  a  aue  examination  of  both  of  the  processes  and 
products,  found  them  both  to  answer  the  intended  purpose,  and  awarded  the 
sum  of  twenty  guineas  to  each  of  the  candidates. 

The  followiDg  is  Mr.  Field's  process :  Six  ounces  of  shell-lac,  coarsely  powdered, 
WTt  to  be  dissolved  by  gentle  neat  in  a  pint  of  spirits  of  wine ;  to  this  is  to  be 
added  a  bleaching  liquor,  made  by  dissolving  purified  carbonate  of  potash,  and 
dien  impregnating  it  with  chlorine  gas  till  me  silica  precipitates,  and  the  solu- 
tioo  becomes  sligntly  coloured.  Of  this  bleadhin?  liquor  add  one  or  two  ounces 
to  the  spurituoos  solution  of  lac,  and  stur  the  whde  weU  together;  effervescence 
takes  place,  and  when  this  ceases,  add  more  to  the  bleaching  liquor,  and 
tbns  proceed  till  the  colour  of  the  mixture  has  become  pale.  A  second  bleach- 
ing nqoor  is  now  to  be  added,  made  by  diluting  muriatic  acid  with  thrice  its 
bwk  of  water,  and  dropping  into  it  pulverised  red  lead,  till  the  last  added 
portions  do  not  become  white.  Of  this  acid  bleaching  liquor,  small  Quantities 
set  a  time  are  to  be  added  to  die  half  bleached  lac  solution,  allowing  the  effer- 
vcseence,  which  takes  place  on  each  addition,  to  cease  before  a  freui  portion  is 
poured  in.  This  is  to  be  continued  untU  the  lac,  now  white,  separates  firom  the 
uqnor.  The^  supernatant  fluid  is  now  to  be  poured  away,  ana  the  lac  is  to  be 
well  washed  in  repeated  waters,  and  finally  wrung  as  dry  as  possible  in  a  cloth. 


^\ 
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The  lac  obtained  in  the  foregoing  process  is  to  be  dissolved  in  a  pint  of  alcolwl, 
more  or  less,  according  to  the  required  strength  of  the  varnish;  and  after 
standing  for  some  time  m  a  gentle  heat,  the  clear  liquor,  which  is  Uie  varnish, 
is  to  be  poured  off  from  the  sediment 

Mr.  Lunin^'s  process  is  as  follows : — Dissolve  five  ounces  of  shell-lac  in  a 
quart  of  rectified  spirits  of  wine ;  iboil  for  a  few  minutes,  with  Wn  ounces  of 
well-burnt  and  recently  heated  animal  charcoal,  when  a  small  quantity  of  the 
solution  should  be  drawn  off  and  filtered ;  if  not  colourless,  a  little  more  char- 
coal must  be  added.  When  all  colour  is  removed,  press  the  liquor  through 
silk,  as  linen  absorbs  more  varnish,  and  afterwards  filter  it  through  fine  blotting- 
paper.  In  cases  where  the  wax  found  combined  with  the  lac  is  objectionable, 
filter  cold;  if  the  wax  be  not  injurious,  filter  while  hot  This  kind  of 
varnish  should  be  used  in  ^a  temperature  of  not  less  than  60^  Fahr. ;  it 
dries  in  a  few  minutes,  and  is  not  afterwards  liable  to  chill  or  bloom ;  it  is 
therefore  particularly  applicable  to  drawings  and  prints  which  have  been  sized, 
and  may  oe  advantageously  used  upon  oil  paintings  which  have  been  painted 
a  sufficient  time,  as  it  bears  out  colour  with  the  purest  effect  This  quality 
prevents  it  from  obscuring  gildine,  and  renders  it  a  valuable  leather  varnish  to 
the  book-binder,  to  whose  use  it  has  already  been  applied  with  happy  effect, 
as  it  does  not  yield  to  the  warmth  of  the  hand,  and  resists  damps,  which  subject 
bindings  to  mildew.  Its  useful  applications  are  very  numerous,  indeed,  to  all 
the  purposes  of  the  best  hard  spirit  varnishes ;  it  is  to  be  used  under  the  same 
conditions,  and  with  the  same  management.  Common  seed-lac  varnish  is  usually 
made  by  digesting  eight  ounces  of  the  br^ht,  clear  grained  lac  in  a  quart  of  spirits 
of  wine,  in  a  wide-mouthed  bottle,  puttmg  it  in  a  warm  place  for  two  or  three 
days,  and  occasionally  shaking  it  When  dissolved  it  may  be  strained  throueli 
flannel  into  another  bottle  for  use.  In  India,  lac  is  fashioned  into  rings,  beads, 
and  other  trinkets.  Its  colouring  matter,  which  b  soluble  in  water,  is  employed 
as  a  dye.  The  resinous  portion  is  mixed  with  about  three  times  its  weieht  of 
finely  powdered  sand,  to  form  polishing  stones.  The  lapidaries  mix  powder  of 
corunoum  with  it  in  a  similar  manner. 

LACQUERING  is  the  application  of  transparent  or  coloured  varnishes  to 
metals,  to  prevent  their  becoming  tarnished,  or  to  give  them  a  more  agreeable 
colour.  The  basis  of  them  is  properly  the  lac  described  in  the  preceding  article ; 
but  other  varnishes  made  by  solutions  of  other  resins,  and  coloured  yellow,  also 
obtain  the  name  of  lacquer.  Strictly  speaking,  lacquer  is  a  solution  of  lac  in 
alcohol,  to  which  is  added  any  colouring  matter  that  may  be  required  to  pro- 
duce the  desired  tint;  but  the  recipes  that  have  been  published  in  vanous 
scientific  journals  contain  apparently  a  great  many  useless  articles.  The  fol- 
lowing is  much  extolled,  in  NichoUons  Operative  Mechanic^  as  a  lacquer  for 
philosophical  instruments : — 

f  oz.  of  gum  guttoe.  f  oz.  of  terra  merita. 

2  oz.  of  gum  sandarac.  2  oz.  of  oriental  saffron. 

2  oz.  of  gum  clcmi.  3  oz.  of  pounded  glass ; 

1  oz.  of  dragon's  blood,  of  the  best  quality.  and 

1  oz.  of  seed  lac.  20  oz  of  pure  alcohol. 

Before,  however,  the  reader  ventures  to  meddle  with  so  formidable  a  list  of 
ingredients  as  the  foregoing,  we  would  recommend  him  to  make  trial  of  the 
following  more  simple  compound : — Take  8  oz.  of  spirits  of  wine,  and  1  oz.  of 
annatto,  well  bruised ;  mix  these  in  a  bottle  by  themselves :  then  take  1  oz.  of 
gamboge,  and  mix  it  in  like  manner  with  the  same  quantity  of  spirits.  Take 
seed-lac  varnish,  (described  under  the  previous  article  Imo,)  what  quantity  you 
please,  and  colour  it  to  your  mind  with  the  above  mixtures.  If  it  be  too  yellow, 
add  a  little  from  the  annatto  bottle ;  if  it  be  too  red,  add  a  little  from  the 
gamboge  bottle ;  if  the  colour  be  too  deep,  add  a  little  spirits  of  wine.  In  this 
manner  you  may  colour  brass  of  any  desired  tint :  the  articles  to  be  lacquered 
may  be  gently  heated  over  a  charcoal  fire,  and  then  be  either  dipped  into  Uie 
lacquer,  or  the  lacquer  may  be  evenly  spread  over  them  with  a  brush. 

LACE.     A  delicate  kind  of  net-work,  composed  of  silk,  flax,  or  cotton 
threads,  twisted  or  plaited  together.     Tlie  moshcs  of  this  kind  of  net  are  of  a 
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hnagonal  figure,  in  which  thick  thread*  are  alio  woven  to  form  the  pattern 
aoooraing  to  some  deaign;  and  these  threads,  which  are  called  gvmp,  form  the 
ornament  of  the  lace.  Buckinghamshire  and  Bedfordshire  have  been  for  many 
years  the  counties  mo»t  celebrated  for  the  manufacture  of  the  pillow  or  bobbin 
lace,  so  called  because  it  is  woven  by  women  or  children  upon  a  pillow  or 
cujihion,  by  means  of  bobbiuSi  (which  are  made  of  ivory  or  bone,  and  each  of 
which  contains  a  small  quantity  of  fine  thread,)  in  such  a  manner  as  to  make 
the  lace  exactly  resemble  the  pattern,  which  is  fixed  upon  a  large  round  pillow, 
and  pins  being  stuck  into  the  noles  or  openinffs  in  the  pattern,  the  threads  are 
interwoven  by  means  of  the  bobbins.  At  the  close  of  the  last  century,  the 
manufacturers  of  Nottingham  directed  their  ingenuity  to  imitate  this  spedei 
of  lace  by  machinery,  in  which  they  have  completely  succeeded.  The  Not- 
tingham imitations  of  lace  are  of  two  kinds — -point-net  and  warp-net  The 
Sint-net  frame  is  a  varietv  of  the  stocking  mune,  which  was  invented  by 
r.  John  Morris,  of  Nottingham,  in  1764;  but  it  was  not  at  first  used  to  make 
lace,  being  intended  to  moke  the  ancle  part  of  stockings.  The  machine  is 
an  addition  to  a  stocking  firame,  and  operates  on  the  thread  in  the  same  way 
as  in  stocking  weaving  for  a  great  part  of  the  process.  The  Nottingham  lace, 
thervfure,  is  only  a  modification  of  the  stitch  or  loop  of  which  stockings  are 
made ;  all  the  meshes  being  formed  by  a  continuance  of  one  thread,  which  is 
by  the  machine  formed  into  loops,  a  whole  course  at  once,  by  pressing  it  down 
alternately  over  and  under  between  a  number  of  parallel  needles ;  a  second 
course  is  then  made  of  similar  loops  on  the  same  needles,  and  the  loops  of  tlie 
first  are  drawn  through  those  of  the  second  in  such  a  manner  as  to  form  meshes 
by  retaining  the  first  loops;  the  sf^cond  are  then  retained  by  a  third  course,  and 
this  by  a  fourth,  and  so  on«  The  warp-net  frame  is  also  a  variety  of  the 
stocking  frame,  but  the  parts  are  very  difierently  arranged,  the  movements 
being  produced  by  treadles,  leaving  the  hands  of  the  workman  to  manage  the 
machine,  which  is  a  piece  of  meclmnbm  applied  in  front  of  the  row  of  needles 
of  the  frame.  In  the  warp  frame  the  piece  of  lace  is  not  formed  of  one  con- 
tinued thread,  as  in  the  point-net  firame,  but  there  are  as  many  different 
threads  as  there  are  needles  in  the  frame ;  these  tlireads  are  warped,  or  wound 
upon  a  roller  or  beam  the  same  as  a  loom ;  and  it  is  from  this  circumstance 
that  the  machine  is  called  a  warp  frame.  These  threads  pass  through  eyes 
in  the  ends  of  small  points,  called  guides,  which  are  opjposite  the  needles ;  and 
these  guides  are  fixed  on  two  bars,  each  of  which  has  half  the  guides  fastened 
on  it ;  that  is,  one  guide  is  &st  in  one  bar,  and  the  next  in  the  other,  and  so 
on  alternately  of  the  whole.  Each  of  the  guides  presents  a  thread  to  its  needle, 
and  are  all  at  once  moved  by  the  hand  to  twist  the  threads  two  or  three  times 
round  the  needles  which  are  opposite  them :  the  loop  is  now  made  in  a  manner 
similar  to  the  other  frame.  The  next  time,  the  alternate  guides  are  shifted 
endways,  so  as  to  apply  themselves  to  other  needles  than  those  they  were 
opposite  before  :  this  crosses  the  thread  so  as  to  make  a  net ;  but  the  quantity 
which  is  shifted  endways  is  altered  every  time,  by  means  of  the  machinery,  so 
as  tu  move  a  certain  number  of  needles,  which  number  is  altered  every  time  to 
pnxluce  the  pattern.  In  1809,  Mr.  John  lleathcoat  invented  a  machine  for 
weaving  the  real  twisted  lace,  like  that  which  is  made  on  the  pillow.  The 
giuund-work  of  the  invention  is  to  extend  those  threads  which  form  the  warp 
of  the  lace  in  parallel  lines,  and  dispose  the  diagonal  threads  upon  small 
bobbins,  which  are  detached,  and  are  capable  of  passing  round  the  extended 
warp  threads^  so  ea  to  twist  with  them ;  by  this  means,  tue  number  of  bobbins 
is  reduced  to  one  half.  In  this  machine  there  are  two  horizontal  beams  or 
rollers,  one  to  contain  the  thread,  and  another  to  receive  the  lace ;  also  a 
namher  of  small  bobbins  to  contain  the  thread- 
Since  Mr.  Ueathcoat*s  first  invention,  the  manufacturers  of  Nottingham, 
Leicester,  Tewkesbiury,  and  many  other  places,  have  vied  with  him  and  each 
other  in  the  production  of  lace-making  machinery.  In  1824  the  different 
descriptions  of  machinerv  for  making  lace  were  enumerated  under  the  following 
beads: — the  old  Loughborough  double  tier,  Healhcoal't ;  the  single  tier  on 
Steventoni  principle ;  improved  double  tier,  Brailey's;  single  tier  on  Lev9r*» 


priDcEph;  th«  M  Lougliboratigh  ImproTed,  with  pumping  tackle;  the  piufaer 
prindple ;  the  trftrene  waip,  Sevan  and  Piwman't ;  trarene  warp  roUtorTi 
Xtntifeyand  Loco/'m;  lh«  itr^ht  bolt,  Kendal  mi  Mautey't;  the  circular  bolt, 
Mauiey'i ;  the  circular  comb,  Henm/'i ;  the  circular  comb  improved,  Hervey't ; 
and  the  improved  Leetr'i.  The  foregoiag  comprehend  the  difierenl  priuciplei 
upon  which  the  machinerv  for  making  bobbin-net  lace  have  been  founded. 

In  1824  Mr.  Longford  took  out  a  patent  for  actuating  several  of  the  fore- 
going maehinea  by  rotatorr  motion,  which  were  previously  worked  by  a  beating 
or  lever  action  of  tbe  handa  and  feet  of  the  operator.  Since  the  lait-mentioned 
period  there  have  been  a  great  manjr  patents  taken  out  for  improvementa,  the 
deKription  of  which  alone  would  occup;f  a  lar^  volume,  and  require  some 
hundreds  of  engraving*  to  render  them  intelligible.  We  can  therefore  onljr 
refer  the  reader  to  lucn  worka  ai  are  diitinguiihed  by  lubjecti  of  this  nature, — 
via.  The  London  Journal  ofArtt,  The  Btptrlom  of  Artt,  the  RegUUr  of  Poind 
Jnvtntioni,  and  to  the  enrolled  specifications, — for  such  iurtherinfonnBtion  that 
he  may  require. 

LACTOMETER.  An  initnuneni  invented  b^  Mr.  Dices,  of  Liverpool,  for 
the  purpose  of  ascertaining  the  different  qualities  of  milk  from  its  specific 
gravity  compared  with  water.  On  this  subject  Dr.  Ure  obaerres,  that  it  ie  not 
possible  to  infer  the  quality  of  milk  from  the  indicationi  merely  of  a  specific 
gravity  instrument,  because  both  cream  and  water  affect  the  specific  gravity  of 
milk  alike.  "We  must  first  use  as  a  lactometer  a  graduated  glass  tube,  in  which 
we  note  the  thickness  of  the  stratum  of  cream  afiorded,  after  a  proper  interval, 
from  a  determinate  column  of  new  milk  ;  we  then  apply  to  the  skimmed  milk 
ft  hvdrometric  instrument,  from  which  we  leam  the  relative  proportions  uf  curd 
and  whey.  Thus  the  combination  of  the  two  instruments  furnishes  a  tolerably 
exact  lactometer." 

LADDER.  A  portable  &ame,  containing  ttepa  for  tlie  feeL  There  are 
nriout  kinds,  most  of  which  ore  too  familiar  to  the  readen  of  this  work  to 
need  ducription ;  but  there  is  one  of  a  very 
ingenious  deKription,  deseribed  under  the 
head  of  FiKB  Escapes,  invented  by  Mr.  Gre- 
gory, which  is  evidently  applicable  to  a  great 
Tariety  of  putpotes,  wherein  common  ladders 
■re  useless,  or  of  difficult  employmenL  Lad- 
^r*  are  very  advantageously  employed  in 
tfie  raising  of  weight),  by  the  addition  of  a 
pulley-wheel  at  the  top,  or  impended  over 
diero ;  passing  over  this  pulley  is  a  rope,  to 
one  end  of  which  is  attached  the  article  to  be 
raised,  (a  tea-chest,  for  instance,  out  of  the 
hold  of  a  ship;)  a  man  then  ascends  the 
ladder  to  the  required  height,  and  steps  on 
to  a  foot  -  board,  properly  contrived  for 
the  purpose,  which  is  attached  to  the  other 
end  of  the  rope  just  mentioned ;  the  man's 
weight,  then,  more  than  counterpoising  the 
tea-chest,  he  rapidly  descends,  while  the 
cheat  ascends  through  the  tame  space.  In 
this  manner  the  tea  is  unloaded  feam  the 
East  India  Company's  dock  at  Blackwall, 
and  it  is  very  probable  there  is  not  a 
more  efficient  mode  of  applving  a  man's 
labour  for  that  purpose,  and  the  mechanism 
is  cheap,  convenient,  and  easily  adjustable 
to  the  space.  The  man  has  only  to  ascend 
the  steps  of  the  ladder,  and  he  is  refreshed  in 
the  descent,  the  frame  in  which  he  stands 
■Uding  over  the  inclined  plane  of  the  ladder. 

Mr.  W.  Hilton  bat  likewiso  ingeniously 
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ooaverted  the  fixed  ladder  against  a  trap  door,  into  a  crane  for  lowering  heavy 
or  bulky  articles,  such  as  a  pipe  of  wine  from  a  warehouse  into  a  cellar,  for  the 
communication  of  which  invention  to  the  Society  of  Arts  Mr.  Hilton  was 
rewarded  by  an  honorary  medal. 

A  very  convenient  folding  ladder  is  manufactured  by  Mr.  Green,  of  Goswell- 
street,  <n  which  the  cut  in  the  preceding  page  is  a  representation.  Fig,  3 
shows  the  ladder  as  opened  out  for  use ;  Fig,  2  shows  the  ladder  in  section, 
half  ^>en,  and  the  manner  in  which  the  rounds  are  jointed  to  the  side  rails ; 
and  Fta,  1  exhibits  the  ladder  folded  up  close,  forming  exteriorly  a  round  pole, 
tapered  at  each  end.  Mr.  Green  has  likewise  contrived  an  excellent  ladder  for 
the  purpose  of  rescuing  persons  who  may  have  the  misfortune  to  sink  under 
ice. 

LAKE.  A  name  given  to  several  pigments  formed  by  precipitating  colour- 
ing matter  with  some  earth  or  oxide.  The  principal  lakes  are  carmine,  Florence 
lake,  and  madder  lake ;  the  first  of  these  has  been  already  described  under  its 
initial  letter.    See  Cabminb. 

Florentine  lake  is  prepared  from  ihe  sediment  of  the  cochineal,  which  is 
deposited  in  the  preparation  of  carmine,  and  the  red  liquor  also  remaining  from 
the  same ;  these  are  bofled  with  the  requisite  quantity  of*water,  and  afterwards 
precijatated  with  the  solution  of  tin :  this  precipitate  must  be  frequently  edul- 
corated with  water.  Exclusive  of  this,  two  ounces  of  fresh  cochineal,  and  one 
of  crystals  of  tartar,  are  to  be  b9iled  with  a.sufficient  quantity  of  water,  poured 
off  clear,  and  precipitated  with  the  solution  of  tin,  and  the  precipitate  washed. 
At  the  same  time  two  pounds  of  alum  are  also  to  be  dissolved  in  water,  preci- 
pitated with  a  lixivium  of  potash,  and  ihe  white  earth  repeate^y  washed  with 
Dofling  water.  FinaUy,  both  precipitates  are  to  be  mixed  together  in  their  liquid 
state,  Dut  upon  a  filter  and  dned.  A  cheaper  kind  of  crimson  lake  is  prepared,— 
BrBzi^•wooa  may  be  employed  instead  otcochineal,  and  treated  in  the  foregoing 
manner. 

Several  modes  of  preparing  fine  red  lakes  from  the  madder  of  different  coun- 
tries were  commumcated  to  the  Society  of  Arts  by  Sir  H.  C.  Englefield,  to 
whom  the  Society  awarded  a  gold  medal  for  the  same.  The  following  is  his 
procesa  of  preparing  it  from  the  Dutch  crop-madder : — ^Two  ounces  troy  of  the 
finest  auality  is  to  be  inclosed  in  a  bag  of  nne  and  strong  calico,  large  enough 
to  hold  three  or  four  times  as  much ;  put  it  into  a  laige  marble  or  porcehun 
mortar,  and  pour  on  it  a  pint  of  dear  soft  water,  cold ;  press  the  bag  m  every 
direction,  ana  pound  and  rub  it  about  with  a  pestle,  as  much  as  can  be  done 
without  tearing  it,  and  when  the  water  is  loaded  with  colour,  pour  it  o£ 
Repest  this  process  by  adding  fresh  water  till  all  the  colour  is  extracted.  Heat 
an  the  liquor  in  an  earthen  or  tinned  copper  vessel,  or  what  is  better,  a  silver 
vessel,  untQ  it  just  boils ;  then  pour  it  into  a  large  earthen  vessel,  and  add  to 
it  one  ounce  trojr  of  alum,  dissolved  in  a  pint  of  lx)iline  soft  water,  which  must 
be  thofouf  hly  mixed.  Pour  in  about  an  ounce  and  a  half  of  a  saturated  solution 
of  sab-canonate  of  potash ;  a  precipitation  will  ensue;  let  it  stand  till  cold,  when 
the  supernatant  dear,  yellow  liquor  may  be  poured  off  from  the  red  precipitate. 
A  aoart  of  boiling  water  should  again  be  poured  on  it  and  well  stirred.  When 
coot,  the  colour  may  be  separated  from  it  by  filtration  through  paper  in  the  usual 
way;  and  boiling  water  snould  be  poured  on  it  in  the  filter  till  it  passes  through 
of  a  light  straw  cdour,  and  firee  firom  an  alkaline  taste.  The  colour  may  now 
be  gently  dried,  and  when  quite  dry  it  will  be  fomid  to  weigh  half  an  ounce ; 
just  a  fourth  part  of  the  weight  of  the  madder  employed.  If  less  alum  be 
employed,  the  colour  will  be  somewhat  deeper :  with  less  than  three-fourths  of 
an  ounces  the  whole  of  the  colouring  matter  will  not  unite  with  the  alumina.  One 
ounce  of  alum  to  two  ounces  of  madder  is  the  best  proportion.  Spanish  madder 
aflbsds  a  colour  of  rather  a  deeper  tint  than  the  Dutch  madder,  but  does  not 
appear  of  so  pore  a  red  as  the  Zealand  crop-madder.  The  lake  produced  from 
£e  forcsoing  process  firom  Smyrna  madder  is  remarkable  for  the  richness  and 
depth  of  its  tint:  the  colour  may  be  obtained  from  the  fresh  roots  of  madder, 
and  win  prove  of  equal  if  not  superior  quality  to  the  ,dry.  Upon  the  whole, 
the  author  of  these  processes  considers  the  essential  advantage  of  them  to 
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consist  in  the  trituration  or  pressing  of  the  root  in  cold  water.  Ahnost  all  vege- 
table colouring  matters  may  be  precipitated  into  lakes,  more  or  less  beautiful, 
by  means  of  alum  or  oxide  of  tm. 

LAMP.  A  vessel  in  which  fluid  combustibles  are  burned  for  the  purpose  of 
affording  artificial  light.  This  is  effected  by  means  of  a  wick  or  burner  (com- 
monly composed  of  a  few  threads  of  linen  or  cotton),  which  is  immersed  in  the 
fluid,  and  its  upper  extremity  lighted ;  the  fluid  then  rising  gradually  by  capil- 
lary attraction  to  the  lighted  end  becomes  decomposed,  and  its  constituent  parts 
form  various  gaseous  compounds,  most  of  which  are  inflammable,  and  these 
take  fire  and  bum  with  a  aegree  of  brilliancy  varying  with  the  nature  of  the 
fluid  from  which  they  are  obtained.  The  wick  being  now  surrounded  by  the 
flame  of  the  bunihig  gases  is  maintained  at  a  heat  sufficient  to  decompose  fresh 
portions  of  the  combustible  matter  as  they  continue  to  rise  to  it.  The  office  of 
the  wick,  therefore,  is  merely  to  decompose  the  oil  or  other  fluid,  and  not  to 
afford  light  by  the  burning  of  its  own  substance ;  for  although  the  wick  or 
burner  is  generally  composed  of  some  combustible  material,  yet  provided  that 
it  be  kept  plentifully  supplied  with  oil  it  is  consumed  so  slowly  as  to  afford  no 
perceptible  increase  of  light;  and  frequently  wiclcs  composed  of  incombustible 
substances  are  employed,  as  asbestos,  metallic  wire,  glass,  &c. ;  and  some  years 
back  Messrs.  S.  and  D.  Gordon  obtained  a  patent  for  lamps  with  incombustible 
wicks,  formed  of  the  above-named  substances,  by  drawing  the  material  into 
fine  threads,  which  are  afterwards  formed  into  small  bundles  and  bound  round 
spirally  with  wire,  or  rolled  up  in  a  piece  of  fine  wire  gauze,  forming  a  cylin- 
drical bandage  or  covering  to  each  bundle.  The  wicks  thus  formed  contain  a 
vast  number  of  minute  interstices,  arranged  longitudinally  in  parallel  lines,  and 
being  placed  in  an  inflammable  volatile  liquid  (as  naphtha  or  alcohol),  the  liquid 
is  conveyed  by  capillary  attraction  to  the  upper  part  of  the  wick  for  ignition. 
The  composition  to  be  burned  in  these  lamps  constitutes  another  branch  of  the 
improvements  mentioned  in  the  patent,  and  consists  of  a  mixture  of  one  part 
of  essential  oil  with  five  or  six  of  alcohol  or  naphtha  (which  latter  is  much 
more  economical.)  By  this  admixture  a  much  more  brilliant  light  is  obtained 
than  when  alcohol  alone  is  used,  whilst  the  smoke  and  deposit  of  carbona- 
ceous matter  upon  the  wick  which  attends  the  combustion  of  essential  oils 
by  themselves  is  avoided.  These  lamps  have  been  made  up  into  a  great 
variety  of  elegant  designs,  both  modern  and  antique ;  they  nave  also  been 
fitted  into  frames  and  stands  to  be  placed  under  tea-urns,  coffee-bigmns, 
and  tea-kettles,  and  are  extremelv  convenient  in  numerous  situations,  wnilst 
the  expense  is  inconsiderable.  They  have  a  circular  ring  at  top  for  receiv- 
ing the  kettle  or  other  culinary  vessel,  with  the  lamp  in  the  centre,  lying 
in  a  frame,  which  may  be  taken  out  at  pleasure  as  a  distinct  apparatus  to 
afford  light  instead  of  heat.  The  wicks  being  incombustible,  no  snufiing  or 
attention  to  them  is  requisite  during  the  time  of  ignition ;  all  that  is  necessary 
is  to  keep  Uiem  firce  from  dust  when  not  in  use,  by  screwing  on  a  cap  over 
each  wick  tube,  and  to  put  the  plug  in  the  central  air-hole  to  prevent  evapo- 
ration. 

Mr.  Blackadder,  of  Edinburgh,  has  also  paid  attention  to  the  subject  of 
lamps  with  incombustible  wicks,  and  has  given  in  the  Edinburgh  Philosophical 
Journal  a  description  of  several  lamps  of  this  description  which  he  had  contrived, 
nome  of  which  were  well  adapted  tor  the  combustion  of  essential  oils,  spirits  of 
turpentine,  &:c.  The  burners  he  employed  consisted  of  short  pieces  of  bugle 
heads ;  some  of  these  he  inserted  in  pieces  of  talc,  and  found  them  to  form  a 
very  convenient  floating  light  when  placed  upon  the  surface  of  a  portion  of  oil  in 
a  glass  vesseL  Mr.  Blackadder's  account  of  these  lamps  bavins^  called  the  atten- 
tion of  manufacturers  to  the  subject,  gave  rise  to  the  floating  lights  now  in 
such  general  use  as  night  lights,  consisting  of  a  short  piece  of  capillary  glass 
tube  of  very  small  diameter  inserted  in  the  bottom  of  a  thin  metallic  dish  or 
cup,  and  placed  in  a  glass  vessel  containing  oil.  The  cut  in  the  following 
page  represents  an  improved  lamp  of  this  description,  which  has  this  peculiar 
advantage  over  the  ordinary  ones,  that  it  is  capable  of  yielding  four  distinct 
degrees  of  flame,  so  that  it  may  be  accommodated  to  the  occasion  ;    a  larger 


«t  *  rauHcr  one  being  uied  according  oa  convenient.  Thii  effect  ii  produced  by 
meaiu  of  ivo  imalt  treighU  in  tlie  ftrm  or  ring),  fitted  to  lie  in  a  receis  at  th« 
birtlom  of  the  floating  dish;  bv  tlie  addition  or  remurnl  of  these  veighta  the 
>  of   (he  diui  ia  regulated  bo  M  to  cause  a  greater  or  legt  flow  of 


oO  thraogb  the  tube,  and  consequentij'  to  produce  a  larger  or   smaller  flame : 
«ben  both  weight!  are  removed,  the  lowest  degree  of  flaine,  marked  I  in  the 
drawing,  ia  produced  :wilh  Hit;  smallest  ring,  the  flame  2  vrill  be^obtainedj^ 
Ihe  largnt,  the  flame  3;  and  with  the   tw(  "■  — 

equal  to  that  marked  4. 

We  ei tract  from  the  EdMiurgh  Phiioio- 
fliicai  Jounial,  the  fallowing  description  of 
a  "  ■elf-^generatiiie  gaa  lamp,"  a  title  which 
it  equally  applicable  to  every  other  kind  of 
lamp,  liDce  all  geoerate  the  gaa  from  which 
the  tl^ht  is  obtained ;  the  difference  is,  that 
in  this  lamp  the  oil  is  decomposed  and  con- 
vened into  gas  by  falling  on  a  substance 
previouily  heated,  and  the  gas  ia  ignited  as 
It  iisura  ^m  the  orifice  of  a  tube  situated 
beneath  the  decomposing  chamber,  the  heal 
of  whicb  is   maintained  by  the  flame  of 
the  gaa;  whereas,  in  Lhe  ordinary  lamps, 
the  oil  is  decomposed  and  ignited  at  the 
same  point,  viz.  at   (he  wick.     "  The  oil    : 
vessel  of  thii  lamp  is  represented  at  A., 
B  ia  the  tube  by  which  the  oil  is  admitted ; 
C  is  the  generator  ;  D   is  a  hollow  vessel,    I 
vbere  the  heat  from  the  burners  F,  under-    ' 
Death,   is  collected ;  the  dotted  lines  are 
pngecting  ndges   on  it  within   the  gene- 
rator, la  prevent  the  oil  ruoning  down  and    i 
collecting  at  the  bottom  of  the  generator.    I 
E  il  a  circular  piece  of  iron  to  collect  and    | 
Main  the  heat ;   G  are  tubes  to  conduct 
the  gaa  fhnn  C  to  F ;  L  i*  a  lube  to  supply 
lhe  vacancy  in  il   with  gaa,  as  the  oil  u 
discharged  into  C ;  H  is  a   metal  heater 
to  fit  into  D.     To  use  the  lamp,  fill  A  par- 
liaUv  intb  oil,  alcohol,  or  any  fluid  from  which  gas  is  produced,  and  lisvitig 
mada   the   met*)   heater   H  red   hot,   placa  it  in  the  bulb   D;   after  it  haa 
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CODtiiiued  in  it  a  minuU  or  two,  turn  the  ilop-cock  I,  kUowing  the  fluid  to  drop 
■loirly  on  the  heated  bulb  D  belov,  hy  which  it  will  be  converted  into  gas. 
When  it  ia  found  to  esope  in  sufficient  quantities  from  the  burners  at  F,  >et  it 
on  fire,  remove  the  heater,  and  a  beautiful  bright  ftame  will  be  supported  bjiti 
own  heat  as  long  as  there  is  oil  in  A  ;  it  may  be  found  necessary  to  replace  the 
first  heater  by  a  second,  when  the  lamp  ii  used  for  the  first  time,  to  expel  more 
eS^tually  the  atmoaplieric  air  tram  the  generator  and  tubes  The  principle  ol 
this  lamp  is  the  same  as  that  of  Mr.  Blackadder's  (from  which  probably  the  idea 
was  taken),  viz.  to  decompose  the  oil  by  causing  it  to  pasa  over  an  inconj- 
buatible  substance  heated  to  redness;  but  the  arrangements  ere  more  complex 
and  not  so  efficient  Besides  the  objection  to  the  detached  heater,  from  the 
trouble  of  heating  >o  large  a  mass,  in  comparison  with  the  incombustible  wicki 
in  Mr.  Blackadder's  plan,  the  decomposing  vessel  being  of  metal,  will  be  found 
far  inferior  in  effect  to  glass  tubes  or  similar  substances  of  inferior  con- 
ducting power,  and  in  a  short  time  would  soon  become  incapable  of  decom- 
posing the  oil,  as  it  is  found  necessary  at  the  Oil  Gas  Works  to  introduce  into  the 
retorts  pieces  of  broken  bricks,  coke,  &<i.,  or  plates  of  iron,  which  are  renewed 
daily.  The  decomposing  chamber  D,  and  the  circular  rim  E,  both  of  which 
require  to  bo  situated  over  the  flame  of  the  lamp,  are  also  highly  objectionable, 
not  only  as  cumbrous  and  unsightly  appendaees,  but  on  account  of  the 
dark  and  extensive  shadow  which  they  would  throw  upon  the  ceiling. 
The  size  of  wick  must  be  proportioned  to  the  degree  of  light  the  lamp  is  required  to 
■ffijrd,  but  with  the  ordinary  wicks,  composed  of  cotton  yam  slightly  twisted,  if  the 
diameter  be  much  increased,  sufficient  air  does  not  arrive  at  the  central  part  of 


the  flame  to  cause  the  entire  combustion  of  the  fuel,  and  the  lamp  consequently 
buns  with  much  smoke,  and  a  deposit  of  carbonaceous  matter  upon  the  wick  takes 
place ;  it  is  therefore  found  preferable  to  use  two  or  more  small  wicks  instead  ol 


le  larger  one.  Count  Rumford,  whose  enperimenta  upon  wanning  and  lighting 
have  produced  such  great  improvements  in  these  two  branches  of  domestic  eco- 
nomy, invented  a  lamp,  the  wick  of  which  is  formed  of  a  kind  of  broad  tape  wove 
for  the  purpose ;  and,  as  a  reading  tamp,  itisequul  to  any,  whilst  at  the  same  time 
its  construction  is  extremely  simple  :  but  the  greatest  improvement  yet  made  in 
lamps,  it  the  Argand  lamp,  so  named  from  their  inventor,  M.  Argand,  of 
Qeneva,  The  distingtiishin?  feature  of  these  lamps  is  that  the  wick  is  hollow 
or  tubular,  and  the  wick-holder  is  so  constructed  as  to  allow  a  passs<-e  for  the 
air  through  the  centre  of  the  flame,  as  well  as  on  the  exlerinr,  by  which  means 
every  particle  of  the  oil  is  decomposed  and  burned,  and  a  most  brilliant  flame 
is  produced,  free  from  smoke  or  smell.  When  oil  of  tlie  best  quality  ii  used. 
lamps  of  this  description  ore  found  infinitely  superior  to  all  others  far  all 
situations  where  they  do  not  require  to  be  moved  about,  and  are  now  manu- 
factured in  an  endless  variety  of  the  most  tasteful  and  elegant  forms,  and  with 
various  additional  contrivances  for  regulating  the  height  of  the  flame,  the  flow 
of  oil,  doing  away  with  shadow  of  the  oil  vessel,  &c.  The  annexed  cut  repre- 
sents a  verj'  common  and  simple  descrip-  , 

tion  of  Argand  lamp,  adapted  either  to  I  ^   -I 

stand  upon  a  bracket,  or  hang  ogujtst  a  J'  I  ft 

w«IL     In  these  lam^  the  oil  surrounding  ^^  ...... L^  It 

the  wick  is  maintained  constantly  at  the  \         I /^  11 

ume  level,  by  a  contrivance  similar  in  \       1/  V 

principle  to  the  bird  fountain,     a  is  the         y^        r"\.        1 
oil  reservoir  or  fountain,  closed  at  the  top,       X  I  \    ^1 

but  having  an  aperture  at  bottom  fitted      &       f  /iS       !/\ 
with  a  conical  or  button  valve.      The      (       jf=^       /      ' 
leiervoir  fits  loosely  into  an  outer  case  b,        \^    InTBi     ^ 
aa  as  to  allow  free  admission  for  the  air         *"    -  flj    Bb:^£^^_ 
between  the  two;  c  is  the  neck  by  which  1    IL  ^ 

the  oil  flows  into  the  wick-holder  d,  which  ^  9    E9 

ii    composed    of   two    concentric    tubes  .^mI^ 

joined  together  at  the  bottom  by  a  circular  ^       j 

plate,  having  an  aperture  in  its  centre  for 
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tfa*  paatapt  uf  tbe  air  to  the  centre  of  tlie  flame,  equal  to  the  apertur*  of  Iho 
interior  lube ;  c  is  the  circulai  wick,  fixed  upon  a  ring,  which  chu  be  railed  or 
towered  at  pleaaure,  by  a  contrivaoce  which  will  require  a  separate  diagram  for 
it«  illuitraCion.  fa  &  glau  chimney,  to  cause  a  mare  rapid  current  of  air,  and 
9  i*  a  ground  glaM  ihade,  to  equalize  the  light  and  loften  the  glare.  To  charge 
the  lamp,  the  vessel  a  it  withdrawn  from  the  casing  b,  mid,  being  inverted,  the 
TaWe  falls  inwards,  leavijtz  the  aperture  upea  by  wliich  ihe  oil  is  to  be  intro- 
duced. When  the  reservoir  is  filFeil,  the  aperture  is  closed  by  pulling  Up  the 
wire,  or  (ail,  projecting  from  the  valve,  and  the  reservoir  may  be  returned  to 
its  erect  position  without  any  escape  of  oil.  Upnn  replacing  it  within  the 
casing  b,  before  it  quite  reaches  the  shoulder  of  the  case  by  which  it  Is  supported, 
the  tail  of  the  ralve  rests  upon  the  bottom  of  the  cose,  and  the  valve  is  pushed 
inwards,  upon  which  the  oil  flows  from  the  reservoir  into  the  casing  and  wick- 
bolder,  aniil  it  touches  the  bottom  of  the  reservoir,  which  descends  a  little  below 
the  level  of  the  wick-holder,  when  the  admission 'of  the  air  into  the  reserv^r 
being  prevented  by  the  oil  in  Ihe  casing  &,  covering  the  aperture,  no  more  oil 
can  esciipe.  Upon  lighting  the  lamp,  as  the  oil  rises  to  the  wick  by  ils  capillary 
alliaction,  the  level  falls  in  the  casing  b,  and  tlie  aperture  in  the  vessel  a 
becoming  uncovered,  the  air  enters  and  expels  a  fresh  portion  of  oil,  until  the 
level  of  the  oil  rises  in  the  case  and  closes  the  aperture;  and  Ibui,  during  the 
lime  the  lamp  continaea  lighted,  the  oil  in  the  casing  and  wick-holder  is  constantly 
maintained  at  the  same  level :  a  small  cup  h  is  screwed  on  below  the  wick- 
holder  to  receive  any  oil  which  may  chance  la  overflow  ;  care  being  taken  that 
the  cup  shall  be  so  far  below  the  circular  aperture  of  the  wick-holder  as  not  to 
impede  tbe  passage  of  the  air  to  the  flame.  We  shall  now  proceed  tn  describe 
the  means  by  which  the  wick  is  raised  or  lowered  in  order  to  regulate  the 
flame.  The  adjoining  figure  representi  a  sec- 
tion of  tbe  wick-holder,  except  tliat  part  of  the 
intrmal  tube  is  sliown  entire  in  order  to  ex- 
hibit more  clearly  a  spiral  groove  which  makes 
two  or  three  turns  round  il.  a  is  the  wick,  llip 
lower  end  of  which  is  drawn  over  a  small  metal 
riag  b,  which  has  a  smill  stud  c,  projecting 
each  way,  the  internal  end  entering  the  spiral 
groove  on  the  surface  of  the  centre  tube,  and 
the  external  end  passing  through  a  longitudinal 
slit  or  groove,  extending  the  whole  length  of 
a  tube   d^  which  is  soldered  into  a  ring,   or 


. .  ri  this  ring,  or 
collar,  proceed  the  bent  wires  r  i-,  which  sup- 
port the  rim  /,  upon  which  tlie  chimney  a 
resu.  Now,  upon  considering  the  figure,  it 
will  be  seen  that  on  turning  the  rim  /,  the 
tube  d,  which  is  connected  with  it  by  the  bent 
wires  e  e,  will  also  be  turned  round,  and  will 
carry  with  it  the  ring  b,  by  its  stud  c;  and  as 
one  end  of  tbe  stud  is  engaged  in  (be  spiral 
groove,  it  will,  in  turning  round,  either  ascend 
or  descend  along  the  groove,  according  to  the 
directiwi  in  which  it  is  turned ;  h  is  the  tube 
by  which  the  oil  flows  to  the  wick,  and  k  is  the 
enp  to  receive  any  overflowings.  When  lamps  are  required  lo  give  light  in  one 
directira,  as  when  placed  aeainsl  a  wall,  or  used  as  reading  lamps,  the  fountain 
lamps,  similar  to  that  just  described,  are  undoubtedly  superior  to  all  others,  on 
•ecount  of  tbe  abundant  and  uniform  supply  of  oil  which  they  afford  to  the 
wick  ;  but  when  a  lamp  is  required  to  throw  a  light  all  round,  as  when  placed 
on  a  table  in  the  centre  of  a  room,  the  fountain  becomes  objectionable  on 
account  of  the  ahade  it  throws;  in  this  case  the  burner  is  usually  mounted  upon 
aealnnm,  and  ii  endrded  by  a  hollow  ring  at  a  distance  of  some  inches  fVom 


it,  coDtMnlng  the  oil  which  flowi  to  tb«  burner  b;  ttro  tubei,  and  in  order  that 
tlie  level  of  the  oil  may  not  greatlv  varr,  the  ring  ii  made  ae  flat  ai  ponibla. 
This  ring  alio  lupporta  a  ncund  glata  ihade,  which,  beaidei  aoflening  the  light, 
ty  iia  pecaliar  form,  k>  reflects  and  refracta  die  ray*  in  every  ditection  as  nearly 


lu  prevent  any  shadow  bdngcait  by  the  re*ervoir ;  hence  theaelBmpiBTe  termed 
'  iinumbra,"  or  "  ihadowteu  latnpt."  But  although  the  shadow  thrown  by 
such  lamps  is  scarcelj  perceptible,  the  light  is  not  equal  to  that  of  fountain 
lanipay  owing  to  the  supply  of  oil  being  neither  so  copious  nur  so  uniform  u  in 
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the  latter ;  and  they  are  also  somewhat  cumbrous  and  awkward  to  move,  owing 
to  the  projection  of  the  reservoir  and  glass  shade,  and  to  the  centre  of  gravity  3^ 
the  lamp  being  carried  so  high  up.    To  remedy  these  defects  has  long  been  a 
favourite  speculation  with  many  persons,  and  generally  every  year  one  or  more 
patents  are  taken  out  for  lamps  which  are  supplied  with  oil  from  a  reservoir  situated 
within  the  column  which  supports  the  burner.   Few  of  these  possess  any  claims 
to  novelty,  being  most  of  them  founded  upon  the  principle  of  the  Chremnitz 
fonntain,  in  which  a  body  of  water  descending  through  a  given  height  forces  a 
smaller  quantity  of  water,  contained  in  a  close  vessel,  up  to  nearly  an  equal 
height  by  compressing  the  air  above  its  surface.     As  illustrative  of  the  prin- 
ciple we  shall  describe  one  or  two  of  these  lamps,  although  as  we  have  already 
remarked,  few  of  ,them  exhibit  much  originality  of  thought.     The  figure  on 
page  36  represents  an  arrangement  for  a  lamp  described  in  the  Register  of  Arts 
as  the  invention  of  a  correspondent  in  which  the  resemblance  to  the  Chremnitz 
fountain  will  be  at  once  recognised,      a  is  a  vessel  containing  water ;  b  an  oil 
vessel ;  c  c  SL  column  and  pedestal  to  support  the  lamp,  closea  at  the  top  and 
bottom,  and  forming  the  air  vessel ;    d  an  air  tube  in  a,  open  at  top  and 
bottom ;  e  a  tube  soldered  into  the  top  of  the  column  c,  and  proceeding  from 
the  bottom  of  a  to  the  bottom  of  cup/;  g  a  similar  tube  soldered  to  c,  and 
proceeding  from  6,  the  lower  end  descends  a  little  way  into  the  cup  h ;  i  is  a 
glass  tube  ascending  from  the  bottom  of  the  cup  A,  through  a  tight  joint,  and 
branching  at  top  into  three  capillary  jets,  formmg  the  burner,  and  the  tube  l^ 
which  surrounds  it,  serves  to  receive  any  oil  that  may  flow  over ;  m  and  n  are 
two  plugs  in  the  bottom  of  e  and  g.    To  use  the  lamp  proceed  as  follows  : 
—Invert  the  lanip,  withdraw  the  plugs  m  and  ii,  fill  a  with  water,  and  b  with 
oil ;  then  replace  the  plugs  in  the  position  shown  in  the  drawing,  and  place  the 
lamp  on  its  base.     The  oil  will  now  flow  from  b  into  h,  until  the  mouth  of  the 
tube  g  is  covered ;    at  the  same  time  the  water  flowing  from  a  into  /  will 
compress  the  air  in  c,  which,  acting  on  the  surface  of  the  oil  in  h,  will  force 
it  up  the  tube  i  to  the  burners ;  by  this  the  oil  in  h  will  fall  below  the  mouth  of 
g,  when  a  portion  of  the  compressed  air  passes  into  b,  displacing  an  equal  bulk 
of  oil ;  by  these  means  the  oil  in  h  is  always  maintained  at  the  same  level  as 
the  mouth  of  ^;   the  capaciUr  of  a  b  not  equal  to  that  of  the  base  up  to  the 
level  of  the  brim  of  the  cup/;  but  it  is  clear  that  by  means  of  the  air-tube  rf, 
the  height  of  the  column  of  water  will  always  be  equal  to  the  height  of  the 
lower  opening  of  d,  above  the  brim  of/.     To  extinguish  the  lamp,  push  the 
plugs  m  and  n  into  the  necks  of  e  and  g,  which  stops  Uie  suuply  of^  oil.     The 
cup /is  screwed  into  the  bottom  of  c,  and  must  be  unscrewed  to  discharge  the 
water  in  c,  when  the  vessel  becomes  empty. 

In  the  sketch  on  page  38,  I^tg,  ],  represents  a  section  of  a  lamp  invented  by 
Mr.  Bright,  of  Bruton  Street,  which  was  exhibited  at  the  National  Repository,  and 
which  we  have  seen  in  use  elsewhere,  and  it  appeared  to  us  to  anbrd  a  strong 
and  steady  light  The  principle  is  precisely  similar  to  that  of  the  one  just 
described,  but  it  is  much  more  compact,  and  the  general  arrangement  is  better. 
This  lamp,  and  the  mode  of  its  action,  may  be  briefly  described  as  follows : — The 
water  vessel  6  is  an  inverted  fountain,  which  empties  itself  into  the  air  chamber 
^  through  the  pipe  d;  the  air  thus  displacea  is  forced  up  the  rising  bent 
tube  e  into  the  oil  vessel  a,  from  whence,  as  it  cannot  escape,  it  presses  upon  the 
oil  and  forces  it  up  the  pipe  /  to  the  burner  g.  It  will  oe  seen  that  by  this 
vnmgement  the  two  columns  of  oil  and  water  will  be  constantly  in  equilibrio. 

The  last  lamp  upon  this  static  principle  which  we  shall  notice,  differs  somewhat 
^  the  preceding,  and  possesses  rather  more  novelty.  It  is  represented  in  sec- 
tion on  p.  38,  Fig.  2,  and  the  following  is  an  extract  from  the  inventor's  description 
of  it  in  the  Register  of  Arts : — a  a  glass  vessel  forming  the  body  of  the  lamp ; 
furmounted  by  a  glass  column  connected  with  a  by  the  cork  c,  which  flts  tightly 
ioto  each,  and  closed  at  top  by  the  cork  h.  No.  2  a  glass  tube  descending 
*^gh  the  two  corks  h  and  c,  to  the  bottom  of  the  vessel  a,  and  bent  upwards 
^>in  as  far  as  ^,  it  communicates  with  the  column  by  the  hole/,  which  may  be 
"oied  by  a  sliding  tube  5,  and  the  latter  be  closed  by  the  stopper  k  at  its  top. 
No.  1  a  glass  tube  pasting  through  the  corks  h  and  c,  its  lower  end  opening 


into  a,  and  ita  upper  connected  by  ■  stop  cock  with  d,  a  elaa  veuel  cloied 
at  top  and  bottom  with  corki.  e  a  caTHllary  tube  deicending  naif  way  dovn  d. 
No.  3  a  tube  paiiing  Cbrouf^h  /i  and  e,  and  rrachitig  to  the  botlom  of  a; 
it  liai  tno  small  openings  into  the  column  in  its  upper  part,  which  may  be 
closed  by  the  stopper  /.  No.  4,  (not  seen  in  the  section,  but  shown  in  Fig.  3, 
which  is  a  plan  of  (he  tubes,)  is  a  tube  ;>auing  through  /•  and  c  into  the  npper 
part  of  a.     The  mode  of  liUing  the  lamp  a  as  follows ;  close  (lie  hole/ in  No.  2, 
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and  open  1,2,  and  3,  and  through  Spour  quicksDver  tilla  is  filled  to  the  level  of 
tlio  lop  of  the  bent  leg  g,  then  uloie  5  by  its  stopper  t.  In  the  top  of  3  intert 
a  bent  tube,  (shown  by  the  dotted  lines,)  and  tuck  the  air  out  of  the  column, 
when  the  mercury  uill  rise  in  3,  pass  through  the  holes  in  its  upper  end,  and 
occupy   the  space  ihown  by  the  dotted  lines.      Remove  the  bent  tube,  and 
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inMit  the  •topper^  imd  thTOUgh  4  pour  oater  into  a,  up  Co  the  Itoe  bb,  and 
oil  up  to  the  cock  e,  and  close  No.  4,  and  the  operation  is  complete.  When  the 
lamp  it  wanted  for  use,  take  the  stopper  out  of  No.  5,  and  raue  5  till  the  hole 
/  becomes  open,  when  the  mercury  will  descend  and  pa»  over  g  into  the  bottom  , 
of  a,  forcing  the  oil  up  No.  1  to  the  burner  e,  to  which  a  light  being  applied,  it 
will  continue  burning  sleadily  till  the  oil  in  a  and  the  mercury  in  i  are  es- 
liansted,  when  the  lamp  ii  to  be  relilled  by  exhausting  tlie  air  in  i,  and  pouring 
oil  [hrough  No.  4.  The  flame  may  be  regulated  or  exlinguisbed  by  means  ot 
the  itop.cock.  The  height  of  e  above  g  may  be  equal  to,  but  must  not  exceed, 
that  oi  a  column  of  oil,  whose  pressure  shall  be  equivalent  to  the  pressure  of 
the  column  of  mercury. 

From  the  foregoing  description,  it  will  be  seen  that  the  columns  of  oil  and 
of  mercury  always  maintain  their  respective  heights,  and  the  supply  of  oil 
to  the  burner  is  consequently  always  uniform.  The  inventor  states,  that  the 
lamp  (which  was  merely  got  up  for  an  ezperiment)  afforded  a  steady  tight 
opim  trial. 

In  the  lamp  uhich  is  represented  in  section  in  the  annexed  engraving,  and 
which  is  the  invention  of  R.  F.  JenouV,  the  air  is  coinpre<<sed  In  a  closed 
reservoir,  by  means  of  a  condensing 
nieation  being 
chamber  and 
■  by  its  expan- 
sion lorcfs  tne  an  up  tne  supply  pipe 
to  the  burner.  I'he  body  of  the 
lamp  is  divided  into  three  compart- 
ments by  two  discs,  a  and  i ;  c  is  the 
oil  vessel,  d  a  space  to  receive  tbe 
overflowings  from  the  biinier,  and  e 
(be  air  vessel  ;  /  is  a  condensing 
syringe,  the  piston  rod  of  which  g  ii 
hollow;  the  lower  end  of  the  syringe 
i*  closed  by  a  valve  h,  pressed  against 
it  by  springs ;  a  rod  from  this  valve 
passes  through  g,  and  can  he  screwed 
Dp  by  the  nut  k;  I  is  a  tube  connect- 
ing the  oil  vessel  cwith  the  air  vesael 
e,  which  has  another  aperture  to  the 
atmosphere,  closed  by  the  nut  m  ;  n  is 
the  tube  (or  supplying  the  burner, 
having  a  capillary  tube  o,  cemented 
into  iti  lower  end,  which  descends  to 
the  bottom  of  the  oil  vessel ;  p  it  u 
stop-cock  for  cutting  off  the  commu- 
nication with  the  burner,  which  being 
of  the  common  description  is  not 
shown.  The  middle  compartment  d 
opens  to  the  atmosphere  by  a  short 
tube  g,  turrounding  ny  r  u  a  tube 
opening  into  c  ,-  it  is  pierced  with 
numerous  holes  at  the  lower  end, 
and  is  doted  by  a  valve  which  is 
Kcured  by  a  nut  i  screwing  on  to  the  top  of  a  rod  attached  to  the  valve ;  I  en 
air  pipe  descending  from  the  top  of  e  to  the  bottom  of  c ;  the  air,  therefore, 
■tcendi  through  the  oil  in  c,  and  collects  above  its  surface  and  in  the  air  vessel 
J.  To  cbai^e  the  lamp  with  oil  unscrew  the  nut  m,  and  slacken  the  nut  t, 
then  pout  in  oil  by  the  tube  g,  and  it  will  descend  Into  c  through  the  holes  inr; 
the  nuts  m  and  i  must  then  be  screwed  down  again.  The  nut  k  must  now  be 
unscrewed  &tnn  the  rod  of  the  valve  h,  and  the  air  injected  by  the  syringe, 
taking  care  to  close  the  urilice  of  the  piston  rod,  by  applying  the  finger  to  it 
■I  each  atroke ;  when  the  resislsnce  against  the  valve  increases,  till  the  syringe 
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cui  no  loDger  be  worked,  the  nut  k  must  be  again  screwed  od,  and  the  lamp  ii 
ready  for  use,  bjt  merely  opening  the  itop-cockp.  There  have  bepn  many 
lampi  upon  the  principle  of  the  one  juat  described,  but  from  the  difficulty  at 
regulating  them,  they  have  not  come  into  general  use ;  this  difficulty  ariies  iu 
part  from  the  continually  varying  presBure  of  the  condensed  air,  occaaioned  by 
iti  increase  of  volume  as  the  oil  consumea,  and  also  from  the  difHculty  of 
regulating  the  supply  of  oil  to  the  burner,  ao  aa  neither  to  overflov  nor  fall 
■hort  of  what  is  required.  In  a  lamp  invented  by  Mr.  Machell,  a  piece  of 
cotton  13  introduced  through  the  bore  of  a  cock,  when,  by  turning  the  plug,  the 
puaage  may  be  regulated  with  conaiderable  accuracy.  In  thtt  present  lamp, 
the  patentee  effects  this  by  a  capillary  tube,  wliich  retards  the  flow  of  oil  in 
proportioD  as  it  ia  lengthened,  and  tbis  is  the  principal  improvement  claimed  in 
the  palenL  Tlic  objection  to  this  seems  to  be  that  the  flow  cannot  be  rt^lated 
at  pleasure.  Upon  the  whole,  although  many  of  the  lamps  with  the  oil  reser- 
voir contained  in  the  baae,  exhibit  considerable  ingenuity  in  various  paila  of 
their  details,  yet  Teiy  few  have  been  found  to  answer  in  practice,  being  mostly 
either  troublesome  to  manage,  or  unequal  in  their  action ;  and  the  only  tamp 
of  this  description  which  we  have  yet  seen  which  seems  to  be  of  decided  prac- 
tical utility  IB  one  of  French  inveniion.  In  this  lamp  there  are  two  small 
pumps  worked  by  a  train  of  clock-work  situated  beneath  the  reservoir  of  oil 
in  the  pedestal  of  the  lamp.  These  pumps,  which  in  their  construction  resemble 
a  pair  of  bellows,  waA  with  very  little  friction,  and  impel  the  oil  in  a  copious 
stream  to  the  burner,  and  no  inconvenience  can  result  from  an  excess  in  the 
,    la  the  overflow  merely  returns  into  the  reservoir. 

e  shall  now  proceed  to  notice  one  or  two  lamps  adapted  to  the  burning  of 
concrete  oil*  and  solid  unctuous  substances,  as  fat,  tallow,  butter  of  cacao.  For 
tile  purpose  of  illumination  these  substances  are  on  a  par  with  oil,  affording  an 
equally  brilliant  light  and  at  a  much  lesa  coat;  but  in  order  to  bum  them  in  a 
lamp  it  is  requiaite  previoualy  to  render  them  fluid,  and  to  maintain  them 
in  that  stale  ao  long  as  the  lamp  is  in  nse.  Various  arrangements  are 
employed  for  this  purpose,  but  the  principle  is  the  same  in  all ;  viz.  to  convey  a 
potlion  of  the  heat  arising  from  the  flame  of  the  lamp  to  the  combustible  matter, 
by  means  of  some  good  conductor,  as  au  iron  or  copper 
tube  or  wire  inserted  in  ihecombusliblemass,  and  coming 
in  contact  or  nearly  ao  with  the  flame.  A  very  simple 
lamp  of  this  descripdos  ia  exhibited  in  tlie  annexed  cut ; 
a  is  the  fat  rendered  fluid,  lying  in  the  body  of  the 
lamp;  (the  cover  of  the  lamp  being  removed  to  show  j 
the  Interior ;)  c  ia  a  small  tube  to  convey  air  into  the 
middle  of  the  flame  (to  perfect  the  combustion,  on  the 
principle  of  tlie  Aivana  burner) ;  this  tube  opens  at 
the  lower  end  into  the  large  tube  b,  as  shown  by  dots; 
B  small  perforation  is  also  made  at  d,  to  allow  the  air 
to  flow  freely  into  the  tube  c,  when  the  lamp  is  fixed 
in  the  socket  of  a  candlestick.  On  each  side  of  the 
air  tube  a  short  piece  of  copper  pipe  ia  flxed  by  bard 
solder,  for  holding  the  cotton  wicks ;  these  tubes 
(which  ought  to  be  longer)  get  intensely  hot,  and,  by 
the  conducting  power  of  the  metal,  the  beat  is  trans- 
mitted to  the  tat,  which,  melting  in  consequence,  flows 
up  the  wick  like  line  oil,  but  infinitely  preferable,  on 
account  of  its  diffusing  no  unpleasant  amcU  during  the 
combuation. 

The  Hon.  E.  Cochrane  obtained  a  patent  for  a  lamp,  named  by  him  the 
"  Patent  Dissolvent  Lamp,"  which,  like  the  one  just  described,  is  calculated  to 
bum  tallow  and  concrete  oils.  These  lamps,  which  have  been  very  estenajvely 
manufactured  in  a  variety  of  elegant  formaljy  Mr.  Jos^,  of  RegentrStreel,  afford 
an  extremely  brilliant  light  at  a  very  amall  cost.  The  engraving  and  descrip- 
tion in  the  following  page  will  explam  the  principle  of  these  lamps,  a  a  are  two 
solid  bent  metal  rods  that  conduct  the  healreceivedtrom  the  flame  of  the  lamp  to 
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the  tallow  contained  in  the  reservoir  b ;  the  ends  of  these  conductors  are  there- 
fore made  to  descend  to  the  bottom  of  the  reservoir ;  c  c  are  two  apertures  (with 
covers  that  screw  on)  made  in  the  supply  pipe,  for  the  purpose  of  pouring  in  a 
small  quantity  of  melted  tallow  upon 
l^hting  the  lamp,  after  which  the 
heat  from  the  combustion  being  con- 
ducted into  the  reservoir,  the  supply 
of  fluid  tallow  is  uniformly  kept  up 
antil  it  is  all  consumed. 

We  extract  from  a  printed  circular 
of  the  manufacturer  the  following 
observations  on  the  advantages  at- 
tending the  use  of  these  lamps : — 
"To  diose  acquainted  with  the 
smperior  combustible  properties  of 
tallow  and  cocoa-nut  oil,  it  is  un- 
necessary to  say  more  than  that 
these  lamps  effectually  melt  and 
bum  both,  and  that  the  price  of  the 
latter,  at  tiie  manufactory,  is  2«.  6(JL 
per  gallon ;  but  to  others,  to  whom 
their  good  qualities  are  less  known, 
it  is  necessary  to  state,  that  from 
the  comparatively  small  portion  of 
oxygen  necessary  to  complete  their 
combustion,  the  total  absence  of 
smoke  and  smell  is  insured,  and  the 
brilliAncy  of  the  flame  is  such  as  no 
lamp  ever  before  produced,  and 
nothing  but  the  best  gas-light  can 
eqnaL  To  families  wno  kul  their 
own  meat,  innkeepers,  proprietors  of 
cook-shops,  &c.  ffc.  a  two-fold  ad- 
vantage will  be  found  in  the  use  of 

these  lamps,  as  it  is  not  merely  tallow  that  they  bum,  but  grease  of  every 
description,  such  as  dripping,  pot  skimmings,  &c.  &c.,  a  pound  of  which,  value 
about  3dL,  will  continue  to  bum  for  full  twelve  hours  in  a  common-sized  dis- 
solvent Argand  burner,  to  yield  light  equal  to  eight  candles,  being  no  more 
than  a  farUiing  an  hour." 

The  folbwing  ingenious  plan  for  a  lamp  to  bum  under  water  appeared 
in  the  Register  of  Arttf  in  connexion  with  a  diving  apparatus,  for  examining 
the  breaches  in  the  Thames  Tunnel,  and  might  very  often  be  of  service  in  the 
diving  belly  when  the  water,  as  is  frequently  the  case,  is  so  disturbed  that 
soflkient  light  is  not  refracted  through  it  at  great  depths  to  permit  accurate 
examination.  A  spherical  or  cylindrical  vessel  is  to  be  provided,  similar  to  the 
vessels  containing  the  portable  gas  for  burning ;  into  this  a  few  atmospheres  of 
pure  oxygen  are  to  be  condensed  by  a  syrinse,  through  a  valve  at  the  bottom : 
a  short  jet  tube  is  then  to  be  screwed  into  the  top  of  the  vessel.  A  lantem, 
with  a  strong  and  powerful  reflector,  must  be  attached  to  the  upper  part  of  the 
vessel  contaming  tne  condensed  oxygen,  permitting  the  jet  tube  to  enter  the 
lantern.  The  top  of  the  lantem  must  be  provided  with  a  screw  cap ;  a  piece 
of  wax  candle  may  be  advantageously  employed  for  the  light.  It  is  needless 
to  say  that  the  apparatus  must  be  air  and  water  tight.  Immediately  before 
use,  pour  into  the  larop  a  solution  of  caustic  alkali,  potash  or  soda,  and  screw 
on  the  cap;  then  turn  the  cock  gently  to  admit  a  sufficient  quantity  of  oxygen 
through  tne  jet  tube,  to  support  the  combustion  of  the  candle.  The  products 
of  the  combustion  will  be  carbonic  acid  and  water ;  the  former  will  be  absorbed 
b^  the  alkaline  solution  as  it  is  formed,  and  the  latter  will  be  condensed  by  the 
sides  of  the  lantern;- the  oxygen  admitted  will  unite  with  the  nitrogen  of  the 
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■ir  of  ihe  lantern  (which  Is 
almoapheric  air. 

Tb«  annexed  figure  tepresents  a  lamp  as  conitiucled  by  the  L 
upon  trial,  naa  found  to  answer  very  well. 
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_  1,  the  vesael  of  CMidensed  gai  j  £  ft,  the  rafleclon, 
placed  at  niitaUe  angles"  to  accumulate  tlie  light  upon  a  bull's  eye  magnifier 
fixed  in  front,  but  removed  b  the  drawing  to  show  the  interior  of  the  lantern  ; 
c,  the  screw  cap  of  the  lantern ;  d,  the  Valine  solution  ;  e,  the  jet  pipe ;  /, 
portions  of  the  shield  framei  of  the  tunnel ;  h,  accumulation  of  mud  and  earth 
as  it  may  be  supposed  to  have  entered  the  tunnel. 

The  cut  on  p.  43,  represents  one  of  the  many  ways  in  which  the  "  march  of 
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mind  "  in  the  present  day  accelerates  the  march  of 
the  body;  the  sobject  is  a  "stirrup  lantern,"  in- 
tended, in  the  words  of  Scripture,  as  a  "  light  unto 
oar  feet,  and  a  lamp  unto  our  paths/'  The  stirrup 
lantern  is  a  smaQ  square  lantern,  fixed  at  the  bottom 
of  a  sttrrap  by  means  of  two  screw  rings  on  each 
tide,  as  exhibited  in  the  drawing,  and  by  unscrewing 
them,  the  lantern  may  be  detached  from  the  stirrup 
when  requisite.  The  lamp  part  is  so  contrived  that 
no  oil  can  be  spilt,  nor  the  steady  light  which  is 
thrown  acroas  the  road  before  the  norse's  feet  be  at 
ill  impaired  by  any  motion  of  the  horse.  The  front 
party  aa  ahown  in  the  drawing,  is  of  glass,  through 
vhidi  ia  seen  the  lamp,  burner,  and  wick ;  behind, 
there  is  placed  a  reflector  for  transmitting  the  light 
to  the  front  It  is  supplied  with  a  constant  current 
of  air,  by  means  of  apertures,  in  a  sort  of  double 
easing,  which  is  so  disposed  as  to  prevent  any  gust 
of  wind  from  extinguisning  the  light 

Amongst  the  numerous  contrivances  for  rendering  lamps  ornamental, 
ii  a  very  atngular  one,  which  we  must  briefly  notice :  it  consists  in  surrounding 
the  light  by  screens  of  ground  glass,  on  which  are  painted  various  elegant 
devicca ;  tliese  screens  are  suspended  upon  a  fine  pivot,  in  the  same  way  as  a 
eommoD  chimney  cowl,  and  have  fixed  across  theur  upper  orifice  a  number  of 
oUiqoa  vanes  or  fisns;  and  the  current  of  heated  air  ttom  the  lamp,  impinging 
up«Q  ihmm  vanes,  imparts  to  the  screens  a  slow  rotatory  motion.  The  pleasing 
cflect  of  cr3r8tal  chandelier  ornaments  in  refracting  the  rays  of  light  is  weS 
Iomiwq;  bat  the  chandelier  makers  have  hitherto  principally  devoted  their 
ittoitiiNi  to  increasing  the  number  of  reflecting  and  refitu:ting  surfaces,  without 
paying  much  recard  to  their  form,  magnitude,  or  position  with  respect  to  each 
other.  Mr.  Ouer,  of  Birmingham,  however,  has  lately  introduced  a  great 
naprorement  in  this  branch  of  the  subject :  instead  of  a  ereat  number  of 
detached  crystal  drops,  he  forms  a  complete  casing  for  the  lignt  by  ranging  a 
nunbtr  of  square  or  triangular  prisms  in  a  cylindrical  or  conical  figure,  the 
ndea  of  the  prisms  touching  each  other,  and  their  ends  being  connected  by 
faricos  iagenioua  means,  for  which  he  has  a  patent  The  effect  thus  produced 
by  the  Ivxe  snrfiuse  of  the  prisms  is  exceedingly  brilliant  and  rolendio. 

Wa  ahaU  conclude  this  article  by  a  description  of  that  admirable  invention  of 
Sir  H.  Daivy,  the  **  safety  lamp,"  by  the  aid  of  which  the  hazardous  occupa- 
tions cf  the  miner  are  now  earned  on  with  considerablyless  difiiculty,  and  with 
inflnitd^  less  danger,  than  before  this  invention.    The  gases  extricated  in 
ninsa  (which  are  destructive  to  animal  life)  are  of  two  kinds,  and  are  by  the 
vdatB  called  the  ckoak  damp,  and  the  fire  damp  ;  the  former  consists  for  the 
noit  pait  of  cazbonic  acid  gas,  hovers  about  the  lower  parts  of  the  mine,  and 
cUiBmishaB  their  lights ;  and  the  latter,  which  is  simply  hydrogen  gas,  ocou- 
piss  luc  aopenor  spaoea,  and  involves  incalculable  mischief,  from  the  combustion 
fndnced  by  its  contact  with  the  flame  of  the  miners'  candles.   The  consequences 
ranhiiiff'frDai  the  freouent  ej^osiou  of  this  inflammable  aur,  have  been  uuneut- 
•hk  and  tremendous  m  the  highest  degree ;  and  whilst  a  source  of  the  greatest 
toror  tothe  persons  most  intimately  afiected  by  its  operations,  it  has  excited  the 
dtoest  sympathy  and  oommiseration  in  the  general  mind.    To  remove  an 
erii  10  dreadnd  in  its  nature.  Sir  H.  Davy  apphed  his  energetic  and  compre- 
henave  mind  to  the  discovery  of  some  means  by  which  these  saddening  calamitiea 
ttight  be  averted,  and  after  numerous  experiments,  devised  the  safety  lamp, 
n  invention  that  must  ever  rank  him  high  among  the  benefactors  of  mankind. 
To  sffiird  a  clear  idea  of  the  nature  of  the  lamp,  we  shall  avail  ourselves  of 
Slanguage  of  Dr.  Ure,  who  has  treated  it,  and  the  points  relatively  consequent 
vpoa  it,  in  a  very  masterly  manner.    "  In  the  parts  of  coal  mines  where  danger 
Visippiehended  from  fircHlfunp,  miners  had  been  accustomed  to  guide  themselves, 
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ortovork,  bj  the  light  afforded  by  the  aparki  of  ateel  itnick  offfhim  a  vfaeeldf 
flint.  But  even  thi*  apparatus,  though  much  lesi  dangerous  than  a  candle,  mdi*- 
limes  produced  explosiona  of  the  fir.e-damp.  A  perfect  iccurity  from  accident  iM, 
hovever,  olTered  to  the  miner,  in  the  use  of  a  lafe  lamp,  which  trannnits  ita  light, 
and  ia  fed  with  air,  through  a  cylinder  of  iron  or  cupper  nire  gauze  ;  and  thia  fine 
invcniLon  has  the  advantage  of  requiring  no  machmery,  no  philoaophical  know- 
ledge to  direct  its  use,  and  ia  made  at  a  very  cheap  rate.  The  aperliuea  in  the 
gauze  should  not  be  more  than  l-20lh  of  an  inch  aquare.  As  the  fire-damp  i* 
not  inflamed  by  ignited  wire,  the  thickness  of  the  wire  ia  not  of  importance, 
but  wire  from  l-40th  lo  l-SOth  of  an  incli  in  diameter  is  most  convenienL 
Tlic  cage  or  cylinder  should  be  made  by  double  joinings,  the  gauze  being  folded 
over  in  auch  a  manner  as  to  leave  no  apertures.  When  it  ia  cylindrical,  it 
should  not  be  more  than  two  inches  in  diameter ;  for  in  larger  cylindetv,  the 
comLuBtion  of  the  fire-damp  renders  the  top  inconveniently  hot ;  and  a  double 
top  a  always  a  proper  precaution,  fised  one-half  or  three-fourlha  of  an 
inch  above  the  first  lop.  The  gauze  cylinders  should  be  fastened  to  the 
lamp  b}'  a  screw  of  four  or  five  tuma,  and  fitted  to  the  acrew  by  a  light  ring. 
All  joininga  in  the  lamp  ahould  be  mado  with  hard  aolder ;  and  the  security 
depends  upon  the  circumatance,  that  no  aperture  exists  in  the  apparatiia  larger 
than  in  the  wire  gauze."  The  parta  of  the  lamp  are — A, 
the  brasa  cistern  which  contains  the  oil,  pierced  near  the 
centre  with  a  vertical  narrow  tube,  nearly  filled  with 
a  wire  which  is  recurved  above,  in  the  level  of  the  burner, 
to  trim  the  wick,  by  acting  on  tlie  lower  end  of  the  wire, 
with  the  fingers :  it  is  colled  the  safety  trimmer.  B,  the 
rim  in  which  the  wire  gauze  cover  is  fixed,  and  which  ia 
faatened  to  the  cistern  by  a  movable  screw.  C,  an 
^terture  for  supplying  oil,  fitted  with  a  acrew  or  cork,  i 
and  which  communicalea  with  the  bottom  of  the  cistern 
by  a  tube  J  and  a  central  apertvire  for  the  wick.  D,  the 
burner,  or  receptacle  for  the  wick,  over  which  is  fixed 
(he  coil  of  platinum  wire.  F,  the  wire  gauze  cylinder, 
which  ahould  not  have  less  than  625  apertures  to  the 
Muare  inch.  G,  (he  aecond  top,  three-fourths  of  an  inch 
above  the  first,  surmounted  by  a  brass  or  copper  plate, 
to  which  the  ringa  of  auapension  ate  fixed.  1,  1,  I,  six 
thick  vertical  wirea,  joining  the  cistern  below  to  the  top 
plate,  and  serving  as  protecting  and  strengthening  pillars 
loand  the  cage,  when  the  wire-gauze  safe  Tamp  is 
lighted  and  introduced  into  an  atmosphere  gradually 
mixed  with  fire-damp,  the  first  efiect  of  the  lire-damp  ia 
to  increase  the  length  and  size  of  the  flame.  When  the 
inflammable  gaa  forms  ai  much  as  l-12th  of  the  volume 
of  the  air,  the  cylinder  becomes  filled  with  a  feeble  blue 
flame,  but  the  flame  of  the  wick  appears  burning  brightly 
within  the  blue  flame,  and  the  light  of  the  lamp  augments, 
till  the  fire-damp  increases  to  one-eighth  or  one-fourth, 
whra  it  ia  loat  in  the  flame  of  the  fire-damp ;  which  in 
thii  ease  fills  the  cylinder  with  a  pretty  strong  light.  Aa 
long  ai  any  explosive  mixture  of  gas  exiata  in  contact 
wiu  the  lamp,  so  long  it  will  give  ught ;  and  when  it  is 
estinguiahed,  which  happens  when  the  foul  air  constitutes 
M  much  as  one-third  of  the  volume  of  the  atmoaphere, 
Ae  air  is  no  longer  proper  for  respiration  ;  for  though  animal  life  will 
where  flame  is  extinguished,  jet  it  ia  always  with  suffering.  By  Sxiag  a 
of  platinum  wire  above  the  wick,  ignitit ■■"  -— '•■' ■-  •*■ '~'  —^ — 
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(hit  I  hare  exuniiMd,  hnt  at  different  timei  been  red-hot,  and  a  workman  at 
the  Hepburn  CoUieiy  ahowed  me  a  Urop,  which,  though  it  had  been  in  lue 
•boat  tizteen  honn  a-dajr  for  nearlv  three  monthi,  wu  itill  in  Gzcellent  coq' 
dition ;  he  alio  aaid  it  had  been  red-hot,  lomelimea  for  aevera]  houn  together. 
Wherever  workmen,  however,  are  eipoaed  to  tuch  highly  exploiive  mixtiirea, 
double  g«ue  lamtn  ihould  he  iiied ;  or  a  lamp  in  which  (he  circulation  of  Uia 
air  il  dlminiihed  by  a  tin  ptate  reflector,  placM  in  Che  inside ,'  or  a  cylinder  of 
ghat,  reaching  as  high  a>  the  doubla  wire,  with  an  aperture  in  the  inside  [  or 
ilips  of  Miucovy  glass  may  be  placed  within  this  lamp  ;  and  in  this  way  the 
qiiantitr  of  fire-damp  consumed,  and  coneequently  of  heat  produced,  may  be 
aminished  to  any  extent.  Such  lamps,  likewise,  may  be  more  easily  cleaned 
dian  the  nmple  wire  gauie  lamps;  for  the  smoke  may  be  wiped  off  in  an 
instant  from  tke  tin  plate  or  glass.  If  a  blower  or  strong  current  of  fire^mp 
il  to  be  approached,  double  gauze  lamps,  or 
lamp*  in  which  the  circulation  of  the  air  is  inter- 
nipled  by  slips  of  metal  or  glass  ihould  be  used, 
or  if  the  single  lamp  be  employed,  it  Ehould 
be  put  into  a  common  horn  or  glass  loolern, 
ihe  door  of  which  may  ha  removed  or  open." 
Not  with  standing  the  increased  security  afforded 
ly  the  safety  lamp,  coal  miners  are  slow  to  avail 
lidDselTee  of  it,  owing  to  the  inferior  degree 
of  light  it  affords  compared  with  that  given  by  a 
Diked  candle.  This  arises  from  two  causes,  viz. 
Hit  Dctes33iY  obstruction  offered  by  the  black  wire. 
of  ahicli  the  cage  o  '      " 


Fig.i- 


e  ia  composed,  within 


It  and  dust  to  the  outude  of 

To  obviate  these  ohjectioDs,   Mr.  Roberts,   of 

St.  Helen's,     Lancashire,    has   introduced   some 
mtdificstions  and  iroprovei 


;•  proposes  tl 
Iineht  and  polished,  by  cleanbg  the  cage  ever 
night  with  a  soft  brush,  and  the  black  powder,  o 
■mu,  which  occurs  in  all  coal  mines,  especially  ii 
tlw  neighbourhood  of  faults  j  this  smut  is  pulveru- 
loii  noa-bitumenoo*  coal,  siifficienlly  hard  to  re- 
mne  the  nut  from  the  surface  of  the  wire,  without 
Dulerially  wearing  the  wire  itaelf.  As  the  lamp  is 
St  present  constructed,  the  oil  will  run  out  of  the 
csp  or  receptacle  in  which  {it  is  placed,  if  the 
lamp  is  laid  in  ■  horilontal  position,  an  accident 
*liich  frequently  occurs  on  account  of  the  lamp 
being  rather  top  heavy.  When  tliis  happens,  the 
fun  becomea  smeared  over  with  viscid  oil,  which 
(UNs  the  coal  dust  floating  in  (he  air  of  the  mine 
lo  sdhere  to  it,  and  in  a  short  time  to  fill  up,  more 
I"  len,  the  meshes  of  the  gauze.  By  merely 
wUng  or  tawing  the  lamp,  the  duat  will  not  M 
■isiodsed ;  aud  if  the  miner  attempts  to  clear  h<i 
'■np  bv  blowing  through  the  wire  gauxe,  he  runs 
I'm  risk  of  putting  out  the  light,  and,  after  all, 
T")  imperfectly  dears  tlie  meshes  ;  there  is  also, 
fwnps,  some  risk  of  forcing  the  flam*   through 
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the  meshes  on  the  opposite  side,  and  of  producing  an  explosion,  if  the  sur* 
rounding  air  is  inflammable.  In  Mr.  Roberts's  lamp  the  overflow  of  the  oil 
is  impossible,  on  account  of  the  dome-shaped  cover  which  surrounds  the  wick ; 
the  dust,  therefore,  that  settles  on  the  gauze  may  be  dislodged  by  a  mere 
tap  of  the  finger,  or  \?hat  would  perhaps  be  better,  by  the  application  of  a 
small  brush  similar  to  that  which  soldiers  carry  to  clear  the  pan  of  their 
muskets,  and  which  might  be  attached  by  a  bit  of  small  chain  to  the  handle 
of  the  lamp.  Fig.  1,  on  the  preceding  page,  represents  a  section  of  the  lamp /?j7, 
and  wire  gauze  q  q;  rr^  a  screwed  cap,  with  a  hollow  dome  i ;  it  screws  into 
the  neck,  1 1^  of  the  lamp ;  the  dome  rises  a  little  above  the  neck  holder  ic, 
having  an  opening  at  top  to  let  the  wick  and  trimming  wire  o,  rise  tlirough. 
This  dome  serves  to  eaten  and  retain  any  oil  that  may  be  spilt  by  shaking  the 
lamp,  or  knocking  it  over,  thereby  protecting  the  wire  gauze  q  from  being 
smeared :  w  and  x,  two  locks,  the  former  to  secure  the  cap  q,  and  the  latter  to 
secure  the  wire  gauze  q  from  being  removed.  Fig,  2,  a  section  of  the  cap  and 
dome,  rrSf  separate  from  the  lamp ;  the  wire  eauze  fits  into  the  cavity  y  y,  around 
the  dome  s;  z  »,  two  of  the  four  wires  which  serve  to  hold  the  wire  gauze. 

Mr.  Bonner,  of  Monkwearmouth,  Durham,  has  a  patent  for  an  improvement 
upon  the  safety  lamp,  which  consists  in  a  means  of  increasing  the  li^ht  of  the 
lamp,  and  also  of  extinguishing  it  instantaneously.  The  mode  of  increasing 
the  light  is  as  follows : — Instead  of  introducing  a  wick  in  the  centre  of  the 
lamp,  as  is  usually  practised,  he  introduces  a  series  of  small  wicks  round  a 
centre  tube,  and  by  Lghting  one,  two,  or  more  wicks  at  a  time,  little  or  much 
light  is  obtained.  The  means  of  instantly  extinguishing  the  light  consists  in  a 
metal  cap,  or  extinguisher,  suspended  within  the  wire  gauze  tube  by  a  pin  or 
catch ;  upon  withdrawing  the  pin  the  extinguisher  falls  over  the  wick  and  the 
light  is  put  out 

In  Mr.  Murray's  safety  lamp  the  wire  gauze  tube  is  suspended  by  two  con- 
centric tubes  of  strong  glass,  the  space  between  the  two  tubes  being  nearly  filled 
with  water ;  by  this  means  a  much  CTeater  degree  of  light  is  obtained,  but  we 
are  not  sure  that  the  risk  is  not  also  greater  than  when  a  wire  gauze  tube  is 
employed. 

LAMP- BLACK.     See  Br  ack. 

LANCET.  A  two-edged  and  pointed  surgical  instrument,  chiefly  used  for 
opening  veins  in  the  operation  of  bleeding. 

LANTERN.  A  transparent  case  to  contain  a  light.  Lanterns  are  of  various 
kinds  adapted  to  their  peculiar  uses;  most  of  them  are,  however,  too  well  known 
to  need  a  description  here.  The  dark  lantern  is  so  called  from  the  circumstance 
of  the  light  being  entirely  screened  from  observation  at  pleasure,  by  means  of  a 
door  or  sliding  shutter,  that  covers  its  only  aperture  tor  the  transmisiioD  of 
light.     See  Lamp. 

LatUerrif  Magic,  is  an  amusing  optical  machine,  whereby  painted  objects 
upon  glass  placed  between  lenses,  become  considerably  magnified  in  their 
shadows,  which  are  projected  against  a  whitened  wall  or  screen.  The  lant«m 
is  inclosed  so  that  no  light  can  pass  out  of  it,  except  through  a  double  convex 
or  plano-convex  lens ;  around  the  circumference  of  this  lens  is  fixed  one  end 
of  a  tube  that  projects  from  the  lantern ;  the  fine  end  of  this  tube  receives 
another  smaller  tube  which  slides  in  it,  and  carries  at  its  remote  extremity  a 
double  convex  lens.  On  the  fixed  tube  between  the  two  lenses,  lateral  aper- 
tures, or  vertical  slits  are  made,  through  which  the  objects  painted  on  slips  of 
glass  are  slided.  The  objects  are  thus  illuminated,  and  their  form  and  colours, 
on  a  magnified  scale,  transmitted  with  the  light  upon  the  screen. 

The  optical  delusion  termed  Phantasmagoria,  is  produced  by  a  similar 
machine  to  the  magic-lantern ;  but  instead  of  the  figures  being  painted  cd 
transparent  glass,  all  the  glass  is  rendered  opaque  except  the  figure,  which  is 
painted  in  transparent  colours,  the  light  toerefore  shines  only  through  the 
ngure,  which  is  thrown  upon  a  very  thin  screen  of  silk  placed  between  the  spec* 
tators  and  the  lantern ;  and  it  is  by  moving  the  instrument  backwards  or  fivr- 
wards,  that  the  figures  appear  to  recede  or  approach. 

LAPIDIPICATION.    The  art  of  cutting  and  polishing  stones  as  practised 
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by  lapidaries.  The  stone  to  be  cut  is  cemented  to  the  end  of  a  stick,  and  th« 
different  facets  or  planes  on  its  surfaces  are  formed  by  a  little  simple  mill  con- 
trived for  the  purpose.  In  India  the  mill  is  made  of  a  mixture  of  lac  resin 
and  emery  (or  corundum)  by  melting  one  part  of  the  former,  and  then  mixing 
two  of  the  latter  with  it  by  de^es;  and,  subsequently,  well  beating  and 
rolling  the  paste  to  give  it  solidity,  and  the  required  form.  In  this  country^ 
the  soft  metals,  such  as  fine  copper,  or  the  allovs  of  tin  and  lead,  are  used  as 
the  substance  for  the  mill  or  grinding-wheel ;  in  the  surface  of  which  is 
impressed  diamond  dust,  emery  powder,  or  other  suitable  abrading  or  polishing 
powders.  The  mill  is  made  to  revolve  horizontally.  Near  to  the  mill  is  fixed 
a  thick  upright  peg  of  wood,  called  a  gua^e,  which  is  pierced  with  small  holes 
in  all  directions,  and  the  process  of  formmg  the  facets  thus  takes  place.  Tha 
tione  at  one  end  of  the  stick  u  applied  to  the  surface  of  the  mill,  and  the 
opposite  end  of  the  stick  is  inserted  into  one  of  the  holes  of  the  guage ;  in 
this  position  it  is  kept  steady  by  the  workman  with  his  right  hand,  whilst  he 
gives  motion  to  tlie  mill  by  his  left  The  skill  of  the  lapidary  is  exercised  in 
r^[ulating  the  velocity  of  the  mill,  and  on  the  pressure  of  the  stone  against  it, 
with  an  almost  imperceptible  tendency  to  one  or  other  direction  in  different 
utam  oi  the  work,  examining  each  facet  at  very  short  intervals,  in  order  to 
givme  as  great  precision  as  possible  to  its  size  and  form.  The  cutting  being 
oompTeted,  the  polishing  is  effected  by  changing  the  mill-wheel  for  another 
usually  made  of  orass,  the  surface  of  which  is  charged  with  fine  emery,  tripoli 
or  rotten-stone,  by  the  successive  use  of  which  the  facets  are  perfected  and 
bri£;fatened. 

LATCH.  A  simple  fastening  to  doors.  The  original  and  simplest  form 
of  a  latch,  is  the  little  falling  bar  hooked,  and  the  catch ;  the  former  being 
fixed  on  the  door,  and  droppine;  into  a  notch  of  the  latter,  which  is  fixed  to  the 
door-poet.  On  the  opposite  side  of  the  door  such  latches  were  formerly  lifted 
by  a  string  passing  through  the  door,  or  by  a  finger  inserted  through  a  hole 
under  the  latch.  In  process  of  time  a  UtUe  lever  was  made  to  peribrm  this 
office,  and  next  to  the  lever  was  added  a  bowed  handle.  This  very  useful  com- 
bination now  goes  by  the  name  of  a  thumb  latch,  and  such  are  our  facilities  of 
manufacture,  that  millions  of  these  are  made  annually  in  the  neighbourhood  of 
Birmingham,  and  rendered  to  the  dealers  at  prices  averaging  not  more  than 
three  mdf-pence  each.  The  work  peode,  are,  however,  very  inadequately 
remunerated  for  their  valuable  labour.  Thumb  latches  of  a  more  massive  and 
finished  description,  with  round  black  varnished  handles,  are  distinguished  from 
the  former  by  the  term  of  Norfolk  kUchet.  For  the  inner  doors  of  houses  a 
variety  of  spring  latches  are  extensively  used  termed  bow  latches,  (which  are 
those  on  square  plates  with  brass  knob  or  ring  handles,)  and  long  latches  (chiefly 
distinguished  from  the  other  by  the  length  and  form  of  their  plates).  Some  of 
these  are  made  without  handles,  and  keys  are  employed  to  open  them  exter- 
nally ;  but  wherever  elegance  or  neatness  is  studied,  mortise  latches  are  used ; 
these  are  let  into  the  thickness  of  the  door  in  the  manner  of  mortise  locks,  and 
nothing  is  visible  on  either  side  of  the  door  but  an  ornamental  handle ;  the 
folding  windows  called  French  sashes  are  usually  provided  with  them.  There 
13  anoUier  kind  of  latch  which  affords  all  the  security  of  a  lock,  with  numerous 
wards^  termed  the  French  latch,  A  small,  but  broad,  flat  key,  having  numerous 
wards  cat  out  of  a  solid  plate  of  metal,  is  passed  through  a  narrow  horizontal 
perforation  in  the  door  (covered  with  a  smtable  escutcheon),  whence  it  enters 
the  body  of  the  latch ;  the  key  being  then  merely  lifted  upwards,  the  solid 
wards  of  the  latch  pass  through  the  interstices  of  \h&  key,  permitting  the  latter 
thus  to  unlatch  the  door. 

A  very  simple  and  convenient  common  latch,  well  adapted  to  stable  doors,  was 
recendy  invented  by  Mr.  T.  N.  Parker,  of  Sweeny,  which  we  will  take  leave  to 
can  the  fuU  latch,  as  it  may  be  opened  on  either  side  of  the  door  bv  a  pull.  It 
u  represented  in  the  eut  on  the  following  page ;  a  a  is  a  curved  piece  of  iron 
like  the  letter  S,  which  turns  upon  a  joint  at  b,  and  passes  through  a  bole  in 
the  door  9t  e,  and  supports  the  latch  d,  which  is  inclosed  by  the  usual  keeper  e. 
On  one  .aide  of  the  aoor  the  curved  hook  a  acts  as  a  lever  of  the  first  class 


48 


LEAD. 


in  lifting  the  latch;   while  in  the   other  the   curved 
hook  a  acts  as  a  lever  of  the  second  class  for  the  same 

Cpose.    The  common  lever  is  thus  converted  into  two 
dies  besides  performing  its  own  office. 

LATHS  are  long,  thin,  and  narrow  slips  of  wood 
nailed  to  the  rafters  of  a  roof  to  sustain  the  covering,  or 
to  the  joists  of  a  room,  in  order  to  support  or  hold  up 
the  plaistered  ceiling  ;  they  are  also  used  for  light 
fencing  and  various  other  purposes.  Laths  are 
usually  made  by  rending  them  out  of  fir  or  oak ;  they 
are  made  of  various  lengths,  from  2  feet  to  4  feet, 
and  are  distin^ished  by  three  different  thicknesses, 
termed  single,  lath  and  naif,  and  double  ;  the  latter 
signifying  double  the  thickness  of  the  single,  and  lath 
and  a  half  the  medium  thickness.  In  the  United 
States  of  America,  where  manual  labour  is  at  present 
more  scarce  than  in  this  coimtiy,  machinery  has  been 
employed  for  rending  as  well  as  for  sawing  out  laths :  there  is  nothing  original 
in  the  latter  operation,  but  there  is  apparently  something  worthy  of  notice  by 
our  countrymen  in  the  annexed  reports  of  American  patents,  which  we  extract 
from  the  Franklin  Journal  of  Philadelphia. 

In  Rice's  machine,  "  a  stock  is  fixed  in  a  frame,  in  which  it  slides  freely 
backward  and  forward ;  it  is  moved  by  a  cog-wheel,  which  works  in  cogs  on 
one  side  of  the  stock  in  the  manner  of  a  rack  and  pinion.  A  knife  is  fixed 
upon  the  stock,  and  the  timber  to  be  cut  into  laths,  &c.  is  fixed  in  a  frame,  and 
is  made  to  bear  against  the  stock,  and  the  lath  is  cut  by  the  traversing  motion 
of  the  stock.  The  knife,  it  is  said,  may  have  a  double  edge,  so  as  to  cut  a  lath 
both  by  the  forward  and  backward  motion." 

Lynch*s  machine  "  consists  of  a  long  plank,  which  operates  as  a  plane  stock ; 
this  plank  is  made  to  slide  upon  its  edge  between  upright  standards  upon  a  firm 
platform ;  a  wide  iron,  like  a  plane-iron,  is  fixed  so  as  to  cut  on  one  face  of  this 
plank  much  in  the  manner  of  the  cutters  of  some  shingle  machines ;  the  throat 
of  the  plane,  if  we  may  so  call  it,  has  other  cutters  standing  at  right  angles 
with  the  first  cutter,  and  at  such  distances  apart  as  to  reduce  the  laths  to  a 
proper  width.  The  cutter  plank  is  made  to  traverse  by  means  of  a  pitman  at 
one  end,  operated  upon  by  any  suitable  power." 

LATHE.  A  machine  chiefly  used  for  giving  a  truly  circular  form  to  wood, 
metals,  and  other  substances.     See  Turning. 

LEAD.  A  metal  of  a  bluish-white  colour,  and  when  recently  cut,  of  con- 
siderable lustre.  It  is  very  soft  and  flexible ;  not  very  tenacious,  and  conse- 
quently incapable  of  being  drawn  into  very  fine  wire ;  yet  its  malleability 
permits  it  to  be  extended,  either  under  the  hammer  or  the  rollers,  into  very 
thin  sheets.  Its  specific  gravity  is  11.35;  it  soils  paper  and  the  fingers  by 
friction,  imparting  a  slight  taste  and  a  peculiar  smell :  it  is  a  good  conductor  of 
heat ;  melts  at  61 2^  Fahr.,  and  when  cooled  slowly,  crystallizes  into  quadrangular 
pyramids.  Lead  is  brittle  at  the  time  of  congelation,  and  may  then  be  broken  to 
pieces  with  a  hammer.  Although  the  brightness  of  firesh  cut  or  scraped  lead  soon 
goes  ofiT,  it  does  not  alter  much  by  exposure  to  the  air ;  owing,  it  is  supposed, 
to  a  thin  film  of  oxide  being  formed  upon  its  surface,  which  defends  the  metal 
fi'om  further  corrosion ;  this  property  renders  it  peculiarly  suitable  for  the 
gutters  and  coverings  of  buildings.  Lead  ore  is  found  in  Inost  parts  of  the 
world.  In  Britain,  the  principal  lead  mines  are  situated  in  Cornwall,  Devon- 
shire ;  in  Northumberland,  Westmoreland,  Cumberland,  Derbyshire,  Durham, 
Lancashire,  and  Shropshire  ;  in  Flintshire,  and  various  parts  of  Wales  ;  also  in 
several  districts  of  Scotland.  The  smelting  is  performed  either  in  a  blast  fur- 
nace, called  an  **  ore  hearth,"  or  in  a  reverberatory  furnace.  In  tlie  former 
method  the  ore  and  fuel  are  mixed  together  and  exposed  to  the  action  of  the 
blast,  which  quickly  fuses  the  metal  and  causes  it  to  fall  into  the  lower  part  of 
the  hearth,  where  it  is  protected  from  the  oxygen  of  the  blast  by  the  scorise 
that  floats  upon   its   surface.      When  the  fluid  lead  is  tapped,  a  suflScient 
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quantity  of  it  is  left  in  the  furnace  to  float  the  liquid  scoriee ;  hut  when  the  whole 
of  the  lead  is  to  he  drawn  off,  the  hlast  is  stopped,  and  some  lime  is  thrown  into 
the  furnace  to  concrete  the  scoriae  whilst  the  lead  is  run  out.  In  smelting  by 
the  reverberatory,  which  is  undoubtedly  the  best,  the  fire  is  made  at  one  end, 
•nd  the  flame  passes  over  the  hearth  and  enters  into  an  oblique  chimney,  which 
terminates  in  a  perpendicular  one,  called  a  stock,  of  considerable  height.  The 
length  of  the  heartn,  from  the  place  where  the  fire  enters  to  the  chimney,  is 
about  1 1  feet,  2  feet  of  which  constitute  the  throat  of  the  furnace;  the  remainder 
forms  a  concave  surface,  4|  feet  wide  at  the  throat  of  the  funiace,  and  rather 
more  than  7  feet  at  the  distance  of  2  feet  from  the  throat,  about  7  feet  in  the 
nn'ddle  of  the  hearth,  and  6  feet  at  2  feet  distance  trom  the  chimney,  and  nearly 
3  feet  where  the  flame  enters  the  chimney,  which  it  does  through  two  apertures, 
each  10  inches  square.  The  throat  of  tiie  furnace  is  2  feet  long,  4  feet  wide, 
and  6  inches  deep.  The  length  of  the  fire-place  is  4  feet,  equal  to  the  width  of 
the  throat ;  its  width  is  2  feet,  and  depth  3  feet  from  the  grate  to  the  throat  of 
the  fiimace;  Uie  section  of  the  oblique,  chimney  is  16  inches  square,  and  of  the 
perpendicular  20  inches,  supposing  a  straight  horizontal  line  drawn  from  the 
lower  plane  of  the  throat  of  tne  chimney  to  the  opposite  side  of  the  furnace ; 
the  lower  part  of  the  concave  hearth,  which  is  in  the  middle  of  this  cavity,  is 
19  inches  below  this  line,  the  roof  of  the  furnace  being  17  inches  above  the 
same  line ;  the  rest  of  the  hearth  if  conformably  concave.  The  furnace  on  one 
side  has  three  openings,  about  10  inches  sauarOr  at  equal  distances  from  each 
other,  and  provided  with  iron  doors,  whicn  oan  be  removed  as  occasion  may 
require.  Besides  these  apertures,  Which  are  for  the  purpose  of  raking  and 
stirring  the  ore,  &c,  and  consequently  upon  a  level  with  the  horizon td  line 
before  alluded  to,  there  are  two  others  ot  smaller  dimensions,  one  of  them  for 
the  discharge  of  the  fluid  metal,  and  Uie  other  for  the  scoria?.  The  ore  is  intro- 
duced at  the  roof  of  the  furnace  through  a  hollow  shaped  vessel. 

The  ores  of  lead,  like  those  of  most  other  metals,  arc  combined  with  various 
kinds  of  earthy  matter,  which  require  them  to  be  pulverized  before  they  undergo 
the  smelting  process.  The  poimding  is  sometimes  performed  by  hammers,  but 
usually  by  a  stamping  mill,  or  by  rollers.  When  thus  reduced,  the  heavy 
metallic  matter  is  separated  from  the  lighter  earthy  matter  by  washing.  The 
common  mode  of  effecting  this  is  to  put  the  powdered  metal  into  a  riddle  or 
sieve,  immersed  in  a  large  tub  of  water,  wherein  it  is  agitated  by  a  movement 
that  washes  away  the  small  particles  through  the  sieve,  and  ejects  the  lighter 
portion  of  the  matter  over  the  sides  of  the  sieve ;  while  the  metallic  portion,  from 
its  specific  gravity,  is  less  disturbed,  and  is  collected  at  the  bottom  of  the  sieve. 
Some  improved  apparatus  for  this  purpose  was  patented  by  Mr.  Harsleben,  in 
1827,  the  description  of  which  will  be  found  under  the  article  Mining.  In 
some  establishments  in  this  countrV)  and  very  generally  abroad,  the  ores  are 
washed  upon  inclined  tables,  whicn  are  shook  by  machinery,  whilst  water  is 
made  to  flow  over  them  to  separate  the  metallic  from  the  less  ponderous  matter; 
which  apparatus  is  also  described  under  the  article  Mining,  as  it  is  equally 
a|q>licable  to  other  ores  as  to  the  ore  of  lead. 

An  improvement  in  the  furnaces  for  smelting  lead  ores  was  patented  by  Mr. 
Joseph  VVass,  of  Ashover,  Derbyshire,  the  main  object  of  which  was  to  obviate 
tbe  injurious  effects  upon  animal  and  yegetable  life  within  the  range  of  the 
metaDic  vapours  emanating  from  furnaces  of  the  usual  construction.  But  in 
addition  to  this  important  desideratum,  there  results  from  the  adoption  of  this 
improved  arrangement  a  considerable  profit,  which  arises  from  the  product 
obtained  by  the  condensation  of  those  volatile  and  deleterious  substances  that 
■re  usually  allowed  to  mix  with  the  atmosphere.  In  the  specification  which  is 
before  us,  the  patentee  states, — **  By  the  employment  of  this  improved  appa- 
rstus,  smelting  and  calcining  furnaces  are  divested  of  their  pernicious  eflects, 
and  such  works  may  in  future  be  erected  in  any  convenient  situation,  either 
near  to  dwelling-houses,  or  by  the  side  of  public  roads,  or  on  the  banks  of 
navigable  rivers  or  canals;  and  thus,  in  many  cases,  produce  a  very  great 
economy  in  the  expense  of  carriage.  The  saving  effected  by  this  apparatus  in 
preserving  a  quaati^  of  valuable  matter,  which  would  otherwise,  as  heretofore, 
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ncftpe,  to  Uie  injury  of  the  neighbourhood,  would  of  iUelf  amoiinl  in  one  year, 
where  four  fumncei  ate  employed  (as  described  in  the  plan)  to  a  aum  equal  to 
the  entire  cost  of  the  improved  apparatUB  j  that  ia,  the  upper  part  of  tlic  tower, 
with  its  roof,  cap,  vane,  shutter,  and  appendages"  which  we  shall  next  proceed 


fig,  ],  in  the  preceding  engranng,  represents  a  vertical  tection  of  a  loffy 
and  capacious  tower,  pUced  in  the  centre  of  four  nneltiiig  fUmacet,  and 
receiving,  by  distinct  flues,  the  smoke  and  vapour  from  each  of  ibem.  The 
drawing  being  a  emirai  section,  but  two  of  the  furnaces  are  brought  into  view, 
which  are  marked  a  a,  their  flues  b  b  opening  into  separate  chimneys  c  c  in  the 
tower,  which  they  ascend  for  twenty  or  more  feet ;  then,  by  lateral  patsages  at 
did,  the;  re^Kctively  enter  the  central  shnft  te;    here  the  vapours   come 
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in  contact  with  a  powerful  ascending  current  of  cold  air,  and  are  likewise 
checked  in  their  upward  progress  by  striking  against  a  dome  or  cap  of  iron  /, 
which  is  suspended  over  the  throat  of  the  central  shaft  e.    The   ascending 
vapours  thus  intercepted  and  acted  upon  are,  for  the  most  part,  immediately 
condensed,  and  the  metallic  particles  are  precipitated  upon  a  floor  ^,  called  the 
lodge  floor,    A  plan  of  this  floor,  and  the  cap  f,  are  given  in  a  separate 
figure  (2),  which  is  a  transverse  horizontal  section  of  the  tower  just  above 
the  cap ;  another  advantage  resulting  from  this  arrangement  consists  in  the 
efiect  produced  in  the  furnaces  below,  where  it  is  found  that  the  carbonaceous 
matter  is  more  completely  consumed  than  by  the  former  disposition  of  things  ; 
sucli  portion  of  the  heavy  particles  that  do  not  fall  upon  the  lodge  floor  are 
precipitated  to  the  bottom  of  the  central  shaft.     The  cap  /  is  suspended  by  a 
vertical  rod  A,  which  is  connected  to  a  transverse  beam  by  means  of  a  sort  of 
stirrap-iron  i,  through  which  the  upper  extremity  of  the  rod  is  screwed,  and  by 
the  turning  of  a  nut  upon  this  screw  the  height  of  the  cap  above  the  throat  of 
the  central  shaft  is  regulated.    The  cap  is  steadied  in  its  movements  and  pre- 
served in  its  position  by  several  upright  bars  jMissing  through  it,  two  of  which 
are  brought  into  view ;  these  are  penorated  with  holes,  through  which  keys  or 
boltg  are  put  to  lock  the  cap  securelv  in  its  place.    The  lower  part  of  the  cap 
or  dome  is  circumscribed  by  a  broad  hoop ;  by  the  action  of  regulating  screws, 
thb  hoop  is  shifted  up  or  down  over  the  periphery  of  the  cap,  and  the  passage 
for  the  vapours  is  thus  more  readily  adjusted  at  pleasure.    The  more  volatue 
portion  of  the  vapours  pass  from  under  the  dome,  and  ascend  to  the  top  of  the 
tower,  which,  berag  covered  with  a  roof  nearly  flat,  the  heaviest  particles  are 
driven  back,  and  fall  condensed  also  upon  the  lodge  floor,  while  the  lightest 
and  least  pernicious  escape  into  the  atmosphere  at  the  lateral  openings  k  k. 
There  are  a  regular  series  of  vent  holes  all  round  this  part  of  the  tower,  one  half 
of  which  (those  that  happen  to  be  windward)  are  always  closed  by  a  shutter  m. 
The  lower  extremity  of  the  shaft,  upon  which  the  vane  /  is  fixed,  turns  in  a 
bearing  upon  the  cross  beam ;   and  the  arms  of  the  circular  shutter  being  also 
attached  to  this  shaft,  when  the  wind  turns  this  vane  the  shutter  is,  conse- 
quently, in  like  manner  tunied  against  it. 

i^.  3  is  a  transverse  section  of  the  tower  immediately  under  the  roof,  by 
which  the  circular  frame  of  the  shutter  is  shown,  as  closing  one  half  of  the 
apertures,  or  those  to  windward  of  it.  When  the  deposition  from  the  condensed 
vapour  has  become  considerable,  it  is  removed  from  the  lodge  floor  at  a  time 
when  the  smelting  furnaces  are  not  at  work ;  this  is  done  by  a  man  ascending 
a  narrow  circular  staircase,  constructed  in  the  masonry  of  the  tower,  up  to  the 
lodge  floor,  where  he  throws  down  the  accumulated  deposition  with  a  shovel  to 
the  bottom  of  the  shaft;  from  thence  it  is  harrowed  out,  and  carried  to  a 
roasting  furnace.  When  any  one  of  the  furnaces  is  not  at  work,  communication 
with  the  tower  is  to  be  cut  ofi*  by  means  of  a  damper,  as  those  shown  at  o  o. 
In  the  drawings  attached  to  the  specification,  a  general  plan  of  a  smelting  work 
ii  delineated.  The  area  is  inclosed  by  a  quadrangular  wall,  with  a  smelting 
fuxnace  on  each  side,  the  chimneys  of  which  are  conducted  into  the  central 
tower.  The  comers  of  the  quadrangle  are  occupied  by  the  other  buildings 
^ired  in  such  establishments.  ,The  spaces  between  the  angles  of  the  several 
floes,  the  patentee  states,  may  be  conveniently  occupied  by  small  furnaces  for 
tosti  and  experimental  purposes.  Another  improvement  of  the  patentee 
^^senres  mentioning :  he  directs  that  the  tapping  sides  of  the  contiguous  fur- 
naces be  made  "  opposite  "  to  each  other ;  by  which  is  meant  that  they  may 
hoth  face  the  area  which  lies  between  them,  in  order  that  the  fluid  metal  from 
the  pans  of  each  surface  may  be  run  into  pigs,  or  conveyed  into  one  receiver, 
^  thence  into  moulds,  so  as  to  be  formed  into  thick  sheets,  ready  for  milling 
or  rolling,  by  which  arrangement  of  the  furnaces  it  is  considered  an  important 
**^g  of  labour  and  expense  will  be  efiected,  and  the  waste  by  remelting  the 
lead  avoided.  In  the  process  of  smelting,  the  ore  is  spread  upon  the  concave 
dearth,  so  that  the  flame  may  act  upon  it,  and  release  tne  sulphur.  When  the 
"ilphur  has  escaped,  the  lead  combmes  with  the  oxygen,  and  the  oxide  of  lead 
tbui  formed  combines  with  and  reduces  the  earthy  matter  to  a  U<\uid)  ^\\vc\v 


52  LEAD. 

floats  upon  the  surface  of  the  metal,  and,  for  the  remainder  of  the  operation, 
protects  it  from  the  action  of  the  oxygen.    The  temperature  of  the  furnace  ia 
now  considerahly  raised,  to  separate  as  quickly  as  possible  the  lead  from  the 
liquid  scoria;  after  which  a  considerable  portion  of  the  scoria  is  tapped  off, 
leaving  only  so  much  behind  as  is  necessary  to  protect  the  metal  from  the 
action  of  the  oxygen.     The  fire  is  now  slackened,  and  a  quantity  of  slack  or 
refuse  pit-coal  thrown  into  the  furnace,  which  serves  to  diminish  the  heat,  and 
to  concrete  the  melted  scoria,  which  effect  is  promoted  by  the  addition  of 
powdered  lime ;  the  scoria  thus  consolidated  is  broken  into  pieces  with  a  rake, 
and  thrust  to  the  opposite  side  of  the  furnace,  where  it  is  taken  through  the 
apertures  already  mentioned.     The  lead  is  now  tapped  in  a  manner  similar  to 
that  described  in  the  manufacture  of  iron,  and  allowed  to  run  into  a  capacious 
iron  pan,  whence  it  is  ladled  into  moulds  to  cast  it  into  pigs.     When  uie  ores 
abound  with  blend,  or  black-jack,  or  with  the  sulphate  of  iron,  fluate  of  lime  is 
added  as  a  flux.    The  scoria  last  mentioned  contains  a  portion  of  lead,  besides 
that  which  is  in  the  state  of  oxide ;  it  is  therefore  exposed  to  the  heat  of  another 
furnace,  bein?  a  species  of  blast  furnace,  and  called  a  slag-hearth,  which 
fuses  the  scoria  and  causes  the  metal  to  penetrate  through  it  and  fall  into  a 
cavity,  where  it  is  protected  from  the  agency  of  the  blast,  and  from  whence  it 
is  taken  and  cast  mto  pigs.   All  lead  ores  contain  some  portion  of  silver,  which 
is  extracted  when  it  is  in  sufficient  quantity  to  afibrd  a  recompense  for  the 
operation  ;   the  method  adopted  in  France  is  very  simple  and  efficacious,  and 
is  thus  described  in  Reeii  Cyclopedia : — "  A  shallow  vessel,  or  cupel,  is  filled 
with  prepared  fern-ashes,  well  rammed  down,  and  a  concavity  cut  out  for  the 
reception  of  the  lead,  wi^  an  opening  on  one  side  for  the  mouth  of  the  bellows, 
through  which  the   air  is  forcibly  driven  during  the  process.    The  French 
smelters  cover  the  surface  of  the  ashes  with  hay,  and  arrange  symmetrically 
the  pieces  of  lead  upon  it;   when  the  fire  is  lighted,  and  the  lead  is  in  a  state 
of  fusion  from  the  reverberation  of  the  flame,  the  blast  from  the  bellows  is  made 
to  play  forcibly  on  the  surface,  and,  in  a  short  time,  a  crust  of  yellow  oxide  of 
lead  or  litharge  is  formed,  and  driven  to  the  side  of  the  cupel  opposite  to  the 
mouth  of  the  bellows,  where  a  shallow  side  or  aperture  is  made  for  it  to  pass 
over ;  another  crust  of  litharge  is  formed,  and  driven  ofiT.     The  operation  con- 
tinues about  forty  hours,  when  the  complete  separation  of  the  lead  is  indicated 
by  a  brilliant  lustre  on  the  convex  surface  of  the  melted  mass  in  the  cupel, 
which  is  occasioned  by  the  removal  of  the  last  crust  of  litharge  that  covered 
the  silver.     The  French  introduce  water  through  a  tube  into  the  cupel  to  cool 
the  silver  rapidly   and   prevent  its   spirting  out,  which  it  does  when   the 
refrigeration  is  gradual,  owing,  probably,  to  its  tendency  to  crystallize.     In 
England   the  silver  is   lefl  to  cool   in  the  cupel,  and  some  inconvenience 
is  caused   by  the   spirting,  which  might  be  avoided  by  the  former  mode. 
The  silver  thus  extracted  is  not  sufiiciently  pure ;  it  is  again  refined  in  a  rever- 
beratory  furnace,  being  placed  in  a  cupel,  lined  with  bone  ashes,  and  exposed 
to  greater  heat ;  the  lean,  which  has  escaped  oxydation  by  the  first  process,  is 
converted  into  litharge  and  absorbed  by  the  ashes  of  the  cupel.    The  last  por- 
tions of  litharge  in  the  first  process  are  again  refined  for  silver,  of  which  it 
contains  a  part  which  was  driven  ofi*  with  it.    The  litharge  is  converted  into 
lead  again,  by  heating  it  with  charcoal ;  part  is  sometimes  sold  for  pigment,  or 
converted  into  red-lead.     The  loss  of  lead  by  this  process  differs  considerably, 
according  to  the  quality  of  the  lead.     The  litharge  commonly  obtained  from 
three  tons  of  lead  amounts  to  fifly-eight  hundred  weight ;  but  when  it  is  aran 
reduced  to  a  metallic  state,  it  seldom  contains  more  than  fifty-two  hundred 
weight  of  lead,  the  loss  on  three  tons  being  eight  hundred  weight     The  Dutch 
are  said  to  extract  the  silver  from  the  same  quantity  of  lead  with  only  the  loss 
of  six  hundred  weight." — See  Separation. 

Sheet  Lead. — ^There  are  two  distinct  kinds  of  sheet  lead,  cast,  and  milled  or 
rolled.  The  first-mentioned  is  the  original  kind,  and  as  it  is  prefeired  we  shall 
first  describe  it  as  usually  practised  by  the  plumbers.  A  large  cast-iron 
cauldron  is  built  over  a  furnace,  enclosed  in  solid  masonry,  at  one  end  of  the 
casting-shop,  and  near  to  the  mould  or  casting-table.     This  table  is  generally 
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of  the  form  of  a  pardlelogram,  about  six  feet  wide,  and  twenty  feet  long,  wb- 
stantially  made  o£  wood,  and  bound  together  at  the  corners  and  other  parti 
with  iron.  The  face  of  the  table  is  surrounded  by  a  raised  border  about  three 
inches  thick,  and  &we  inches  in  depth ;  the  legs  and  framing  are  of  course 
strong  and  firmly  jointed,  to  prevent  anv  yielding  or  trembling  during  the  cast- 
ing. The  top  of  the  table  is  of  boards,  laid  very  even,  and  this  is  covered  by  a 
stratum  of  nne  sand  laid  very  smooth  and  even ;  at  the  end  of  the  table, 
nearest  to  the  cauldron  in  which  the  lead  is  melted,  is  adapted  a  box,  equal  in 
length  to  the  width  of  the  table ;  at  the  bottom  of  the  box  is  a  long  honzontal 
slit,  through  which  the  metal  flows  out  uniformly  over  the  breadth  of  the  table ; 
this  box  is  mounted  upon  rollers,  which  run  on  the  rim  of  the  table  as  a  rail- 
way, and  is  set  in  motion  by  a  rope  and  pulley.  When  the  metal  in  the 
cauldron  is  sufficiently  heated  to  regain  its  flwditv  throughout  the  spreading  of 
the  sheet,  the  requisite  quantity  of  it  is  ladled  mto  the  casting-box,  and  the 
dross  taken  off  its  surface  by  means  of  a  perforated  scummer.  As  soon  as  the 
box  has  dispersed  its  contents  upon  the  table,  a  man  levels  the  surface  with  a 
striker,  which  takes  off  the  impurities  also,  before  it  cools ;  as  soon  as  it  has 
set,  the  edges  are  taken  off  in  a  straight  line,  and  when  sufficiently  cool  it  is 
rolled  up  and  removed  away  to  make  room  and  prepare  for  the  succeeding 
castings,  which  are  conductea  in  a  similar  way. 

A  method  different  from  the  foregoing  is  practised  in  some  places.     Instead 
of  a  casting-box  travelling  over  an  horizontal  surface,  the  table  is  a  little 
inclined,  and  an  iron  vessel  at  the  upper  end  of  the  table  next  to  the  cauldron 
is  tilted  so  as  to  pour  out  the  fluid  wnich  flows  to  the  other  end,  during  which 
operation  a  workman  levels  the  surface  with  a  striker  or  straight  edge,  which 
reduces  the  mass  to  a  uniform  thickness.     Cast  sheet-lead,  made  by  these  pro- 
cesses, does  not  possess  that  very  uniform  thickness,  nor  that  smoothness  of 
surface  which  distinguishes  milled-lead,  or  such  as  has  been  laminated  between 
large  powerful  rollers,  actuated  by  a  steam  engine  or  other  suitable  prime 
mover.     The  method  by  which  this  is  done  on  the  large  scale  is  as  follows : — 
A  cauldron,  capable  of  melting  ten  or  more  tons  of  metal  at  a  time,  is  substan- 
tially erected  over  a  common  furnace ;  when  the  lead  is  at  that  temperature 
shove  the  melting  point,  which  will  prevent  its  congelation  before  it  has  flowed 
to  the  remotest  part  of  the  mould,  the  vessel  is  tapped  by  the  pulling  out  of  a 
pbg;  this  plug  is  attached  to  a  bent  extremity  of  a  lever  of  the  first  class,  the 
other  arm  of  which  is  loaded  with  a  weight,  that  acts  as  a  compressing  force  to 
keep  the  plug  in  the  tapping  hole ;  a  rope  attached  to  the  end  of  the  loaded 
arm  of  the  lever,  and  passing  over  a  pulley,  being  pulled  by  a  workman,  the 
ping  is  thereby  easily  withdrawn ;  ana  upon  the  worxman  letting  go  tlie  rope, 
the  weight  upon  the  lever  forces  the  plug  into  the  hole  again.     (Owing  to  the 
pretsure  of  tne  superincumbent  portion  of  the  metal  in  the  cauldron  above  the 
tapping-hole,  the  lead  is  spirted  with  considerable  force  around  the  plug  at  the 
nuHnent  of  its  entering  or  leaving  the  tapping^hole,  which  renders  it  dangerous 
to  persons  standing  within  the  distance  of  a  few  yards ;  and  as  this  dangerous 
effect  might  easily  be  prevented,  we  wonder  that  it  is  not  done ;  such  as  apply- 
ing a  lateral  screen  to  the  tapping-hole,  or  the  plug,  and  making  the  plug,  as  a 
Up-hole,  cylindrical,  instead  of  conical.)     The  metal  is  discharged  into  a  very 
^e  square  cast-iron  pan,  laid  perfectly  level,  and  capable  of  holding  a  plate 
of  lesd  about  an  inch  and  a  half^  thick,  and  weighing  about  five  tons ;  when 
cold,  the  cast-iron  pan  or  mould  is  hooked  at  the  comers  to  chains,  in  the 
nuuiner  of  a  scale-board,  and  by  the  assistance  of  a  large  jib  extending  over  it, 
>nd  s  powerful  crane,  is  raised  from  its  seat  and  swung  round  upon  a  table  upon 
» level  with  the  laminating  rolls.     On  this  table,  the  plate  is  now  divided  into 
five,  six,  or  more  narrow  plates,  the  numbers  and  dimensions  of  these  depend- 
ii)g  upon  the  size  and  weight  of  the  sheets  to  be  made  from  them.    The  division 
of  the  plate  is  effected  by  very  rude  means  ;  one  man,  holding  an  ash-rod, 
applies  a  cold  chisel  at  the  end  of  it  to  the  chalk  division  line  scribed  on  the 
p'ate,  whilst  another  workman,  with  a  sort  of  sledge-hammer,  made  of  a  great  lump 
of  lead,  at  the  end  of  a  long  handle,  swings  it  round  vigorously,  and  gives  the  chisel 
•uch  heavy  thumps  as  to  send  it  through  the  thick  plate  of  lead  at  each  blow. 
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The  laminating  rollers  are  cast-iron  cylinders,  usually  about  eighteen  inches 
in  diameter,  and  about  six  feet  long,  turned  and  ground  to  a  very  true  and 
smooth  surface;  the  lower  roller  turns  in  fixed  bearings,  but  the  upper  in 
adjustable  bearings,  which  are  acted  upon  by  screws  for  regulating  the  distances 
between  the  rollers.  The  power  is  communicated  to  the  lower  roller  through 
the  medium  of  a  reversihg  motion,  which  causes  the  rollers  to  change  the  direc- 
tions of  their  respective  rotations,  according  as  the  sheet  of  lead  may  be  on 
one  side  or  the  otner  of  them ;  on  either  of  which  it  is  supported  upon  a  species 
of  table,  from  twenty  to  thirty  feet  long,  the  surfaces  of  which  are  compiled  of 
a  series  of  wooden  bearing  rollers.  The  plate  of  lead  being  introduced  between 
the  cylinders,  is  griped  by  them,  and  forced  through  by  their  revolution :  the 
plate  is  thus  extended  by  a  reduction  of  its  thickness,  and  is  received  upon  the 
bearing  rollers  on  the  surface  of  the  table ;  the  workmen  on  each  side  of  the 
machine  now  give  the  regulating  screws  a  turn,  by  which  the  laminating 
rollers  are  brought  nearer  together ;  then  the  motion  of  these  rollers  is  reversed, 
and  the  sheet  of  lead  traverses  back  through  them  to  the  opposite  side,  where 
it  is  received  on  the  bearing  rollers  of  that  table,  considerably  extended;  the 
rollers  are  again  adjusted  nearer  together,  and  the  motion  of  them  is  again 
reversed  for  the  next  rolling  through ;  the  operation  being  thus  repeated  until 
the  plate  is  brought  to  the  required  thickness.  When  this  is  done,  the  rough 
edges  are  cut  off  to  a  straight  line,  and  the  sheet  rolled  up  off  the  table  on  to  a 
truck  adapted  to  the  work,  and  wheeled  away.  Whilst  this  is  being  completed, 
another  ptate  of  lead  is  passing  through  the  laminating  rollers ;  and  whilst  all 
the  plates  of  lead  divided  from  the  great  cast-plate  before-mentioned  are  being 
laminated  in  the  manner  of  the  first  described,  the  casting  department  of  the 
establishment  is  engaged  in  preparing  to  cast,  or  in  casting  another  great  plate, 
which  is  subsequenUy  divided  and  placed  in  readiness  for  the  continuation  of 
the  laminating  operation. 

The  very  thin  sheet-lead,  with  which  the  tea-chests  from  China  are  lined,  is 
made,  according  to  common  report,  in  the  following  manner : — A  man  sits  upon 
a  floor  with  a  large  flat  stone  before  him,  and  another  movable  one  at  his  side 
on  a  stand  ;  hb  fellow-workman  stands  beside  him  with  a  vessel  full  of  melted 
lead,  and  having  poured  out  a  certain  quantity  on  the  large  flat  stone  upon  the 
floor,  the  other  immediately  lifts  the  movable  stone,  and  dashing  it  on  the 
fluid  lead,  presses  it  out  into  a  flat  and  very  thin  plate ;  the  stone  and  lead 
are  then  quickly  removed,  and  the  operation  renewed,  which  is  repeated  in 
quick  succession.  The  rough  edges  are  afterwards  cut  ofi)  and  tiie  sheets 
soldered  together  for  use. 

The  Imfiing  ofSheet-Lead  may  be  eflected  in  two  ways.  First,  place  the 
sheet  of  lead  upon  a  hot  stove,  until  it  acquires  sufficient  heat  to  keep  melted 
tin  poured  upon  it  in  a  fluid  state ;  then  throw  a  little  powdered  resin  over  the 
sheet,  and  when  it  has  melted,  with  a  greasy  rag  rub  the  tin  and  resin  over  the 
sheet  of  lead  untQ  it  is  completely  covered  with  the  tin  ;  after  which,  wipe  ofi^  the 
superfluous  matter.  Secondly,  the  tin  in  the  cold  state,  and  in  small  quantities 
at  a  time,  may  be  laid  on  the  plate  of  lead,  carefully  heated  sufficiently  to  fuse 
the  tin,  (but  not  more  so,)  and  by  the  help  of  resin  and  similar  manipulation  to 
the  first-mentioned  plan,  the  lead  may  be  perfectly  coated. 

Lead  Pipe. — The  next  article  of  importance  in  the  lead  manufacture  is  pipe 
or  tubing.  There  have  been  various  modes  of  producing  it :  the  original 
mode,  from  some  specimens  of  very  old  pipe  that  we  have  seen,  appears  to  nave 
been  the  wrapping  of  a  strip  of  sheet  lead,  with  parallel  sides,  round  a  cylinder, 
so  as  to  make  their  edges  meet,  and  then  unite  them  with  solder.  The  speci- 
mens alluded  to  present  phenomena  worthy  of  notice  in  this  place :  the  lead 
was  full  of  holes,  and  was  corroded  more  or  less  in  every  part,  except  at  the 
seam,  which  tlie  solder  had  entirely  protected ;  and  the  solder  itself  was  as 
sound  and  perfect  as  when  it  first  left  the  plumber's  hands. 

Another  mode  of  making  lead-pipe,  which  probably  succeeded  the  foregoing, 
and  is  still  practised  by  some  plumbers,  is  tne  following:— An  iron  mould  is 
provided,  which  is  divided  into  nalves,  and  forms,  when  put  together,  a  hollow 
cylinder  of  the  external  diameter  of  the  extended  pipe  ;   in  this  cylinder  is  put 
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an  iron  rod  or  cord,  extendinfi;  from  the  top  to  the  bottom,  and  leaving  all 
round  a  space  between  it  and  the  cvHnder  of  the  intended  thickness  of  the  pipe. 
The  lead  is  poured  in  at  a  spout,  rormed  by  two  oorrespondine  notches  cut  in 
each  half  of  the  mould,  and  a  similar  hole  is  made  at  another  place  for  the 
esci4>e  of  air.  The  mould  is  fastened  down  upon  a  bench,  upon  wnich,  at  one 
end,  and  in  a  line  with  its  centre,  is  a  rack  moved  with  toothed  wheels  and 
pinions.  When  the  pipe  is  cast,  a  hook  at  the  end  of  the  rack  is  put  into  an 
eye  at  the  end  of  the  iron  core,  which,  by  the  action  of  cog-wheels  and  pinions, 
h  drawn  so  far  out  that  about  two  inches  of  it  only  remain  in  the  ena  of  the 
pipe ;  the  two  halves  of  the  mould,  which  fasten  together  by  wedges  or  screws, 
are  now  separated  from  the  pipes,  and  are  fastened  upon  the  iron  core,  and  the 
two  inches  of  lead-pipe  atteched  to  it  Melted  lead  is  now  again  poured  into 
the  mould,  when  the  fluid  lead  unites  with  the  end  of  the  first  piece  of  pipe ; 
and  this  process  being  continued,  pipe  of  any  requured  length  may  be  maae. 

A  third  method,  which  was  patented  in  1790  by  the  great  iron  master,  John 
Wilkinson,  consists  in  casting  a  very  thick  pipe  in  a  mould,  having  a  cylindrical 
core  of  the  same  diameter  as  the  intended  pipe,  and  then  inserting  a  polished 
iron  mandril  up  the  bore  of  the  pipe,  in  which  it  is  to  be  successively  passed 
through  a  series  of  round  grooves,  precisely  in  the  same  manner  as  has  been 
described  under  our  article  Iron,  for  making  round  bars.  Every  time  that  the 
pipe  is  passed  through,  the  lead  is  compressed  upon  the  mandril,  consequently 
reducea  in  its  thickness,  but  extended  in  length,  while  the  internal  bore  remains 
unaltered,  except  the  improvement  it  derives  firom  condensation  of  the  metal 
against  the  polished  mandril. 

A  fourth  method  is  mentioned  in  Mr. Wilkinson's  specification,  which,  since  the 
expiration  of  the  patent,  has  been,  and  is  still  practised  with  unimportant  varia- 
tions by  all  the  considerable  manufacturers  of  lead  pipe :  it  consists  as  follows : — 
Very  thick  short  pieces  of  pipe  are  cast,  similar  to  those  described  in  the  pre- 
cedinff  method ;  the  external  diameter  may  be  two  or  three  times  that  of  the 
intended  pipes,  but  the  internal  the  same.     The  central  hole  for  the  mandril  o 
triblet  does  not  extend  the  entire  length  of  the  pipe,  but  terminates  with  a 
much  smaller  hole  at  the  extremity ;  a  stop  to  the  tnblet  is  thus  formed,  which 
u  employed  in  the  succeeding  operation,  which  is  that  of  drawing  the  lead  pipe 
tbrodgh  a  hole  precisely  in  the  same  manner  as  wire  is  drawn.     The  triblet  or 
poliihed  mandril  is  of  somewhat  greater  length  than  the  pine  intended  to  be 
manufactured  by  it,  which  is  commonly  from  nine  to  twelve  reet    Through  the 
null  hole  of  the  cast-lead  pipe  is  then  passed  a  screw,  which  is  screwed  into 
the  end  of  the  triblet,  tliat  abuts  against  the  shoulder ;  and  it  is  by  this  con- 
nexbn  with  the  triblet  that  the  lead  pipe  is  drawn  successively  through  a  series 
of  separate  steel  plates,  each  having  a  different  sized  hole,  and  whicn  are  suc- 
cesiiYely  deposited  in  solid  recesses  made  in  very  firm  bearings,  and  are  ex- 
changed for  smaller  after  the  pipe  has  passed  through  the  larger  one.     The 
table  or  draw  bench  on  which  the  operation  is  conducted  is  usually  about  30 
feet  in  length ;  it  is  provided  with  a  strong  endless  hitch-chain  passing  around 
chain  wheels  at  the  ends  of  the  bench,  to  one  of  which  the  power  is  communi- 
oted.    The  screw  fastened  to  the  end  of  the  triblet  passes  through  the  draw- 
lioie,  and  is  then  secured  by  a  hook  and  eye,  or  other  fastening,  to  the  endless 
chain ;  the  machinenr  being  then  thrown  into  gear  by  the  ordinary  means,  the 
chain  drags  the  lead  through  the  steel  hole,  by  wnich  its  dimensions  are  reduced, 
Md  its  length  increased.    The  motion  of  tiie  chain  is  now  reversed,  either  by 
nuchmeiy  connected  with  the  power,  or  the  chain  is  thrown  out  of  gear  with 
^  power,  when  the  chain  can  usually  be  drawn  back  by  hand,  and  the  draw 
plate  changed  ;    when,  by  throwing  into  gear  a^ain,  the  work  is  renewed, 
«id  10  continued  until  reduced  to  the  required  dimensions  j  a  small  piece  of 
each  end  of  the  pipe  being  cut  off  it  is  finished. 

A  very  ingenious  mode  of  catting  lead  pipe  of  any  length  by  a  continuous 
IW)ce8a,  was  mvented  by  Mr.  John  Hague,  and  patented  by  him  in  1822,  which 
^e  ought  not  to  omit  noticing  in  this  place.  A  rectangular  cast-iron  vessel, 
containing  the  lead,  was  placed  over  a  suitable  furnace,  to  melt  and  preserve  it 
in  a  fl^  state ;  through  this  vessel,  in  a  horizontal  direction,  was  passed  a 
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▼ery  stout  cast-iron  cylinder,  each  end  of  which  came  to  the  outside  of  the 
vessel,  at  a  short  distance  from  which  they  were  each  connected  to  a  smali 
reservoir  of  water  to  keep  them  cool.  A  hole  about  half  an  inch  in  diameter 
was  made  in  the  upper  side  of  the  cylinder  through  which  the  latter  was 
charged  with  the  fluia  metal,  and  the  hole  was  then  stopped  by  a  plu?  screwed 
down  from  above.  The  internal  diameter  of  this  cylinder  was  about  six  inches, 
and  throughout  its  length  of  two  feet  its  surface  was  cut  into  a  screw  thread  ; 
and  into  Uiis  a  solid  screw  plunger  worked  from  one  extremity,  which  by  its 
revolution  gradually  forced  the  metallic  fluid  through  a  mould  and  core  fixed 
at  the  end,  where  the  pipe  was  constantly  drawn  off  as  it  solidified  (by  the 
cooling  influence  of  one  of  the  before-mentioned  reser\'oirs  of  water)  on  to  a 
drum,  loaded  with  a  weight  upon  its  axis,  which  caused  the  drum  to  turn  round 
with  just  suflScient  force  to  wind  the  pipe  upon  it  as  it  was  formed. 

A  diflerent  method  of  castine  lead  pipe  continuously,  has  lately  been  patented 
in  the  United  States  of  Amenca  by  a  Mr.  Titus,  which  is  thus  described  in 
the  Franklin  Journal,  with  reference  to  the  subjoined  cut,  which  represents  a 
vertical  section  of  the  essential  parts  of 
the  apparatus.  A  A  is  a  hollow  cylin- 
der of  metal,  bored  out,  so  that  its 
inner  diameter  shall  be  equal  to  that 
of  the  pipes  intended  to  be  cast.  Its 
length,  for  a  pipe  of  1^  inch  may  be 
about  8  inches.  It  has  a  flanch  a  a  at 
its  lower  end.  This  tube  gives  the 
form  to  the  outside  of  the  tube  to  be 
cast  B  is  a  plug  or  core,  adapted  to 
the  inside  of  the  pipe,  and  made  of 
iron  or  other  suitable  metal ;  it  must 
be  perfectly  smooth  and  slightly  taper- 
ing, being  smallest  at  top.  It  has  a 
flanch  b  h  adapted  to  the  flanch  aa ; 
this  flanch  is  perforated  with  a  number 
of  holes,  to  allow  the  fluid  metal  to  pass 
up  into  the  mould.  C  C  is  a  basin  to 
contain  water  standing  up  to  the  dotted 
line//.  D  D  is  a  tube  by  wliich  the 
melted  metal  is  to  be  conveyed  from 
the  melting-pot  F  into  the  mould.  A 
stop-cock  regulates  the  flow  of  the 
metal.  The  tube  D  D  is  furnished 
with  a  flanch  c,  by  which  it  is  con- 
nected with  the  mould.  The  melting- 
pot  may  be  placed  so  high  up,  that  the 

pressure  of  the  melted  metal  will  be  sufHcient  to  force  the  pipe  from  the  mould, 
with  a  regular  motion,  as  it  is  cooled  by  the  water ;  this  force  being  regulated 
by  the  quantity  admitted  by  the  stop-cock.  The  pipe  D  D  must  descend 
through  a  flue  kept  suflScientfy  heated  to  keep  the  lead  in  a  fluid  state,  and 
heat  must  also  be  applied  at  its  junction  with -the  mould.  Instead  of  elevating 
the  melting-pot,  an  aiTaneement  may  be  made  for  making  a  mechanical  pres- 
sure upon  the  surface  of  the  lead,  and  thus  to  produce  the  same  cfiect.  The 
pipe,  as  it  is  forced  ofi*,  may  be  received  upon  a  reel  or  drum  placed  above  the 
mould.  Under  proper  modifications,  which  experience  alone  must  suggest,  the 
principle  described  in  this  and  Mr.  Hague's  process  may  be  advantageously 
applied  to  the  accomplishment  of  the  object  proposed. 

In  the  application  of  lead  pipes  as  conduits  for  beer,  wine,  vinegar,  and  other 
acid  liquors,  serious  objections  nave  been  made  by  many  scientific  writers,  on  the 
ground  that  poisonous  solutions  of  the  metal  are  thereby  formed.  The  editor 
of  The  Chermtty  observes  in  Vol.  I.  p.  227,  that  "  wherever  water  kept  in 
leaden  vessels  is  allowed  to  come  into  contact  with  air,  the  lead  becomes 
oxydated ;  and  though  the  water  has  no  direct  action  on  the  lead  itself,  it  has 
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on  this  oxide;  itditsdves  a  portion  of  it,  and  becomes  poisonous;"  and  Mr.  S. 
F.  Gray,  author  of  several  pharmaceutical  works,  says  in  his  Operative  Chemui, 
D.  392,  '  the  use  of  lead  for  cisterns,  or  even  pipes,  ought  to  be  discontinued." 
Mr.  John  Warner  informs  us,  that  soon  after  the  introduction  of  the  convenient 
hydraulic  apparatus  employed  by  publicans^  called  beer  ene;ines,  it  was  found 
tnat  that  portion  of  the  beer  which  filled  the  leaden  conducting  pipes  from  the 
casks  in  the  cellar,  and  had  remained  therein  during  the  night,  or  for  several 
hours  during  the  day,  had  obtained  a  flat,  bad  taste,  and  was  highly  deleterious, 
owing  to  the  lead  it  had  dissolved  during  that  time.  This  alarming  discovery 
near^  caused  the  abandonment  of  beer  engines.  Attempts  were  made  to  sub* 
•titute  pipes  made  of  other  metals  or  alloys,  but  without  success ;  for  leaden 
pipes  still  continue  to  be  used,  but  with  the  necessary  precaution  on  the  part  of 
Uie  publican,  or  other  vendor,  to  draw  off  and  watte  the  beer  contained  in  the 
pipesi,  amounting  to  several  pints  or  quarts  every  morning ;  and  this  precaution 
u  sometimes  resorted  to  during  the  day. 

To  obviate  the  disadvantages  attendmg  the  use  of  lead  pipes,  the  skill  and 
attention  of  many  ingenious  men  have  been  exercised.     The  first,  we  believe, 
were  Messrs.  John  and  Georee  Alderson,  who  contrived  to  put  an  interior  case 
of  tin  to  lead  pipe ;  but  they  did  not  succeed  in  making  a  firm  junction  between 
the  two  concentric  pipes.     Alderson 's  method  was,  however,  improved  upon  by 
Thomas  Dobbs,  of  fivmingham,  who  took  out  a  patent  in  December  1820,  for 
the  process,  which  is  entitled  a  **  new  mode  of  uniting  together  or  plating  tin 
upon  lead."    The  patent  includes  the  tinning  or  plating  of  ineots  and  sheets  of 
lead,  besides  that  of  pipes ;    the  process  with  respect  to  tne   latter  is  thus 
described  in  the  specification  : — **  First,  in  order  to  unite  tin  with  lead-pipes,  or 
to  coat,  cover,  or  plate  them  with  tin,  I  take  the  pipe  hot  from  the  mould  in 
which  it  has  been  cast,  and  lay  it  horizontally  upon  a  bed  of  hurds,  rags,  or 
tow,  which  has  been  previoucdy  prepared  or  impregnated  with  turpentine,  or 
other  resinous  substance,  a  smcdl  quantity  of  melted  tin  having  been  also  pre- 
viously put  on  the  said  bed  of  hurds,  rags,  or  tow,  prepared  or  impregnated  as 
aforesaid  with  turpentine,  or  other  resinous  material,  until  the  surface  of  the 
m>e  is  completely  tinned.     I  then  attach  to  the  end  of  a  rod  or  wire  a  bunch 
of  hurds,  rags,  or  tow,  prepared  or  impregnated  as  aforesaid  with  turpentine, 
ind  introduce  it  within  the  pipe,  together  with  a  little  melted  tin,  and  work  the 
bonch  up  and  down,  in  manner  of  the  piston  of  a  pump,  until  the  inside  is 
also  tinned.     I  then  place  or  fix  the  pipe  in  a  larger  pair  of  moulds,  so  as  to 
l^ve  a  vacancy  also  between  the  pipe  and  the  mould ;  and  I  also  introduce 
and  fix  a  small  core  into  the  centre  of  the  lead  ^ipe,  leaving  a  vacancy  also 
between  the  pipe  and  the  core.    I  then  take  melted  tin  out  of  a  furnace,  and  with 
aUdle  I  pour  the  tin  down  the  two  vacancies  before-mentioned,  by  which  means 
the  two  bodies  are  perfectly  and  soimdly  united,  and  the  lead  pipe  is  imited  or 
plated  both  inside  and  outside  with  a  tnick  coatine  of  tin.     In  this  state  it  is 
then  ready  for  drawine  or  rolling,  whichever  may  be  the  most  convenient.     It 
ii  not  necessary  that  the  tin  should  be  quite  pure  to  be  united  to  lead  by  this 
BMde,  but  it  may  be  alloyed  with  other  metals.     The  moulds  and  cores  I  use 
aie  the  same  as  those  generally  employed  by  lead-pipe  makers,  excepting  that 
1  prefer  them  made  of  copper  or  brass,  instead  of  wrought  and  cast  iron.'     Tin 
littng  a  much  harder  and  less  ductile  metal  than  lea^  considerable  difficulty 
vit found  in  drawing  them  together,  so  as  to  get  them  sound  in  every  part; 
frwjoent  cracks  and  flaws  being  discovered  in  the  tin,  which  would  not  so 
t^y  yield  as  the  lead  to  the  forcible  extension  they  underwent     From  this 
oreurostance,  and  the  greater  rigidity  of  the  tin,  they  could  not  be  made  to 
"QiUin  the  bending  to  which  lead  pipe  is  necessarily  subjected  by  the  plumber ; 
^  were  not  therefore  successfiilly  brought  into  use.     About  the  same  period 
^  pipes  were  drawn  of  pure  tin,  and  rendered  at  a  price  lower  than  tne  tin 
^"•ed^pipe  coidd  be  afforded. 

There  beins:,  however,  .no  other  known  metal  which  possesses  the  same 

^'pae  of  flexibility  and  durability  as  lead,  it  was  still  deemed  a  most  important 

^fiidenitom  to  give  a  perfect  coating  of  tin  or  other  innocuous  metal  to  lead 

PpCi  widiout  impairing  the  flexile  or  other  valuable  properties  of  the  latter  \  and 

VOL.  n.  0 


58  LEAD. 

this  we  are  happy  to  add  has  heen  supplied  by  a  new  process,  very  recently 
patented  by  Mr.  John  Warner,  iun. ;  the  specification  of  which  describes 
that  process  to  be  as  follows : — A  bath  of  melted  tin  is  prepared  in  a  vessel 
of  a  suitable  form  and  size,  which  may  vary  according  to  the  size  of  the 
pipe  to  be  tinned,  (or  the  size  and  shape  of  any  other  leaden  article  to  be 
tinned.)  The  heat  of  the  bath  is  to  be  so  regulated  that  the  metal  shall  continue 
in  a  fused  state,  but  not  at  a  higher  temperature  than  is  necessary  for  that  purpose, 
lest  the  lead  when  immersed  should  be  melted  thereby  ;  the  heat  may  be  ascer- 
tained by  the  use  of  a  thermometer,  or  a  pyrometer ;  likewise  by  testing  it  by  such 
alloys  of  tin  and  lead  as  will  melt  at  certain  given  temperatures,  between  the 
melting  point  of  tin  (or  such  alloy  of  tin  as  may  be  used  as  a  substitute  for  the 
pure  metal,)  and  that  of  lead,  when  placed  under  the  influence  of  a  bath  of  melted 
tnu  This,  the  reader  will  observe,  is  a  very  nice  point,  and  can  only  be  prac- 
tised by  great  skill  and  attention  on  the  part  of  the  workmen ;  for  although  tin 
melts  at  about  440<>  and  lead  at  612^  of  Fahrenheit's  thermometer,  yet,  when 
they  come  together,  an  alloy  is  produced  at  the  immediate  points  or  surfaces  in 
contact,  whose  fusibility  is  much  lower  than  even  that  of  tin ;  so  that  when,  by 
mismanagement,  the  heat  is  raised  a  few  degrees  too  high,  a  quantity  of  the 
lead  in  the  form  of  an  alloy  runs  off  the  pipe  into  the  bath ;  and  if,  on  the 
contrary,  the  heat  be  suffered  to  fall  a  few  degfees  too  low,  the  tin  is  not  suffi- 
ciently fluid,  and  deposits  itself  upon  the  lead  in  a  thick  and  uneven  coat 
When  the  pipes  are  to  be  tinnca  all  over,  the  external  surfaces  are  sprinkled 
with  powdered  resin,  and  the  same  material  is  blown  up  the  pipes  so  as  to  cover 
their  internal  surfaces  with  it ;  a  mixture  of  oil  and  resin  boiled  together  is, 
however,  preferred  to  the  resin  alone.  The  said  mixture  is  to  be  spread  over  the 
surfaces  of  the  lead  pipes  by  any  convenient  means,  and  when  they  have  been 
so  prepared,  they  are  to  be  passed  through,  or  immersed  in  the  bath  of  melted 
tin,  wnich  should  be  Qovered  with  fat,  oil,  or  resin,  to  prevent  the  oxidation  of 
the  fluid  metal,  and  to  aid  in  the  tinning.  But  when  the  pipes  are  to  be  tinned 
on  one  side  only,  or  partially,  those  parts  which  are  not  to  be  tinned  are  covered 
with  a  mixture  of  lamp-black  and  size,  or  with  any  other  matter  that  will  pre- 
vent the  action  of  the  tin  upon  the  lead ;  and  those  parts  that  are  to  be  tinned 
are  to  receive  the  powdered  resin,  or  the  mixture  of  oil  and  resin,  as  before 
mentioned.  The  pipes  thus  prepared  are  then  to  be  passed  through,  or  immersed 
in  the  bath  of  liquid  tin,  by  which  process  they  will  be  tinned  only  in  the  parts 
required.  When  the  pieces  of  pipe  to  be  tinned  are  of  a  small  size  they  may 
be  easily  managed  by  hand ;  but  when  they  are  of  considerable  weight  or 
length,  a  rope  and  pulley  is  resorted  to,  to  draw  them  through  the  bath  of 
melted  tin  :  the  form  of  the  bath  is  that  of  a  segment  of  a  cylinder  having  two 
flat  sides ;  the  chord  of  the  segment  being  the  top  or  open  part  of  the  vessel, 
where  it  forms  a  parallelogram  of  about  six  inches  wide  and  two  feet  long. 
This  form,  it  will  oe  perceived,  accommodates  the  bended  form  of  the  pipes,  to 
dip  in  at  one  end  of  the  vessel^  and  curving  round  the  bottom,  to  come  out  at 
the  other  end ;  the  tin  thus  flowing  in  at  one  extremity  of  the  pipe,  and  running 
out  at  the  other.  This  process,  as  we  have  had  occasion  to  notice,  gives  a  per- 
fect coating  of  tin,  and  fills  up  any  minute  fissures  or  holes  that  there  may  be 
in  the  pipe,  besides  enabling  the  manufacturer  to  give  the  pipe  any  required 
thickness  of  coating,  by  drawing  it  any  number  of  times  through  the  bath. 
But  an  extremely  mmute  quantity  of  tin  covers  the  surface  efifectually,  and  by 
not  impairing  the  flexibility  of  lead,  adapts  it  to  every  purpose  to  which  both 
lead  pipes  and  tin  pipes  are  used,  and  at  the  most  trifling  cost  above  that  of 
lead. 

Strength  cf  Leaden  P^s, — Some  experiments  upon  this  important  subject 
were  made  by  Mr.  Jardine,  of  the  Water  Company  in  Edinburgli.  The  method 
of  proving  was  to  close  one  epd  of  a  piece  of  pipe,  and  then  inject  water  into 
it  by  means  of  a  forcing  pump  attached  to  the  other  end,  the  force  or  pressure 
being  measured  by  a  gauge  belonging  to  the  pump.  When  the  water  from  the 
injecting  pump  begins  to  press  out  the  pipe,  httle  or  no  alteration  is  observed  in 
it  for  some  time.  As  the  operation  proceeds,  however,  the  pipe  gradually  swells 
^lirou^hout  its  whole  length,  until,  at  last,  a  small  protuberance  is  observed  rising 
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in  some  weak  part,  which  increases  until  the  substance  of  ihe  pipe,  becoming 
thinner  and  thinner,  is  at  last  rent  asunder.  In  the  first  expenment,  the  pip« 
was  of  one  and  a  half  inch  bore,  and  the  metal,  which  was  remarkably  soft 
and  ductile,  was  one-fifUi  of  an  inch  in  thickness.  This  sustained  a  power 
equivalent  to  that  of  a  cohimn  of  water  one  thousand  feet  high,  equal  to  thirty 
atmospheres,  or  420  lbs.  per  square  inch  of  internal  surface,  without  alteration; 
but  with  a  pressure  equal  to  twelve  thousand  feet  of  water  it  began  to  swell,  and 
with  fourteen  thousand  feet,  or  six  hundred  pounds  on  the  square  inch,  it 
bant.  When  measured  after  the  experiment  it  was  found  to  have  swelled 
unti]  of  a  diameter  of  1 1  inch.  The  edges  of  the  fracture  were  not  ragged, 
bat  smooth  like  a  knife.  In  a  second  experiment,  the  pipe  was  two  inches  in 
diameter,  and  one-fifUi  (^  an  inch  in  thickness.  It  sustained  a  pressure  e<|ual 
to  that  of  a  column  of  water  eight  hundred  feet  high,  with  hardly  any  swellms^ 
bat  with  one  thousand  feet  it  burst ;  the  fracture  in  this  was  not  so  fine  as  m 
the  former  instance,  the  metal  being  much  less  ductile. 

Red  Lead  and  LUharge. — We  have  described,  at  page  52,  the  method  of 

refining  lead  for  obtaining  the  silver  which  it  usually  contains,  by  which  process 

there  results  an  oxide  oi  lead,  called  Utharge,    The  use  of  this  substance  for 

making  oil  and  oil  paints  dry  sooner  is  well  known ;  it  remains  to  be  observed 

in  this  place,  that  it  is  the  material  from  which  red  lead  is  made.    The  litharge 

is  put  into  pofn,  and  exposed  to  the  action  of  flame  in  a  reverberatory  furnace 

Ibr  forty-eight  hours,  during  which  time  it  is  frequently  stirred;   hence  it 

acquires  the  orange-red  colour,  termed  minium,  or  red  leaa.     There  are  other 

moides  of  obtaining  red  lead.  In  Germany  and  some  other  places,  metallic  lead 

is  cslcined  on  the  hearth  of  a  cupola  furnace,  snd  constantly  stirred  for  eight 

boors ;  then  left  in  the  furnace  for  sixteen  hours  more,  stirring  only  at  intervals. 

The  massicot  thus  produced  is  then  ground  in  a  mill,  washed,  dried,  and  put 

into  earthen  pots,  so  as  only  to  make  them  about  a  quarter  full,  in  which  they 

vt  exposed  to  the  action  of  flame,  enveloping  them  in  a  fUmace  for  forty- 

eight  hours,  by  which  time,  the  colour  being  fully  developed,  the  pots  are  taken 

out,  and  their  contents  passed  through  sieves  to  separate  any  foreign  or  gross 

matter.     A  hundred  pounds  of  metallic  lead  thus  produces  about  a  hundred 

•od  ten  pounds  of  red  lead ;    the  increase  arising  from  the  absori)tion  of 

exjgen.     The  specific  gravity  of  red  lead  is  8.94. 

Sugar  ef  Lead  is  obtained  by  dissolving  the  metal  in  acetic  acid,  concen- 
luting  the  solution,  and  crystallizing. 

TWver's  Patent  Yellow,  now  almost  entirely  disused,  may  be  obtained  by 
pQving  upon  litharge,  one-third  of  its  weight  of  muriatic  acid,  and,  after 
letting  it  stand  for  twenty-four  hours,  melting  the  whitened  litharee,  by  which 
it  beoomes  yellow.     Goulard's  extract  is  made  by  boiling  litharge  in  vinegar. 

Ckromaie  YeUow. — This  beautiful  colour,  which  has  superseded  the  use  of 
^  last-mentioned  pigment,  is  obtained  by  precipitating  a  solution  of  lead  in 
Metic  add,  by  the  addition  of  a  solutioil  of  the  chromate  of  potash. 

Lead  is  rapidly  dissolved  by  the  nitric  acid.  Wooden  sticks,  impregnated 
vHh  a  nitric  solution,  made  by  dissolving  the  cuttings  of  lead  in  weak  nitric 
*eid,  have  been  recommended  by  Proust,  as  a  substitute  for  port-fires,  in  dis- 
wging  artillery.  Most  of  the  acids  attack  lead.  The  sulphuric  does  not 
^ss  it  be  concentrated  and  boiling.  When  lead  is  alloyed  with  an  equal 
weight  of  tin,  it  ceases  to  be  acted  upon  by  vinegar.  Oils  dissolve  oxide  of  lead 
Htd  become  thick  and  consistent,  in  which  state  they  are  used  as  the  basis  of 
cements  for  water  works,  the  vehicle  for  paints,  and  various  other  purposes, 
^phur  dissolves  lead  in  the  dry  way,  and  produces  a  brilliant  and  brittle 
compound,  which  is  much  more  fusible  than  lead  itself.  Lead  unites  with 
most  of  the  metals.  Gold  and  silver  are  dissolved  by  it  at  a  light  red  heat. 
PWtina  forms  a  brittle  compound  with  lead ;  mercury  amalgamates  with  it,  but 
the  lesd  U  again  separable  horn  it  by  mere  agitation,  in  the  form  of  an  im- 

ta^e  black  powder.  Copper  and  lead  do  not  unite  without  a  strong  heat ; 
the  union  cS  these  metals  is  extremely  slight,  for  at  no  greater  heat  than 
|he  meltbg  point  of  lead  it  runs  from  the  copper.  Iron  does  not  unite  with 
^  in  the  metallic  state.     Tin  unites  very  readily  with  lead,  as  already  shown 
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in  the  process  of  tinning  lead  pipes  and  sheets.  The  compound  of  these  metals 
being  very  fusible,  it  is  used  as  a  solder  either  separately  or  both  together.  The 
mixture  is  made  in  various  proportions  :  the  best  solder  is  said  to  be  two  parts 
tin  and  one  part  lead ;  and  the  common  solder,  two  parts  lead  and  one  part 
tin.  Bismuth  combines  readily  with  lead,  and  afibros  a  metal  of  a  fine  ciose 
grain,  but  very  brittle.  A  mixture  of  eight  parts  bismuth,  five  lead,  and  three 
tin,  melt  at  a  heat  below  that  of  boiling  water.  Antimony  forms  a  brittle 
compound  with  lead :  see  the  article  Allot.  Nickel,  cobalt,  manganese,  and 
zinc,  do  not  unite  with  lead  by  fiision. 

LEATHER.    The  skins  of  animals,  combined  in  a  variety  of  ways  with 
astringent  and  other  matters,  to  adapt  them  to  numerous  purposes  of  utility. 
The  art  of  preparing  leather  is  very  ancient,  and  is  practised  in  almost  every 
country  of  the  world  by  nearly  similar  processes.  The  objects  obtained  by  this  art, 
are,  the  prevention  of  their  destruction  by  putrefaction ;  the  rendering  them 
strong,  tough,  durable,  and  impervious  to  moisture ;  and  in  giving  them  a  bright 
and  beautiful  appearance  by  dying  and  polishing ;  according  as  these  qualities 
may  be  required.     The  prelimmary  operation  in  making  all  kinds  of  leather, 
is  the  separation  of  the  fleshy  and  other  foreign  matters  adhering  to  the  skin, 
the  animal  juices  retained  in  its  pores,  and  also  the  cuticle  with  its  hairy  cover- 
ing, exceptmg  in  those  instances  wherein  the  wool  is  required  to  be  left  on,  as 
in  the  case  of  sheep-skin  rugs.     The  skins,  after  being  duly  purified,  and  their 
texture  opened  so  as  to  adapt  them  to  imbibe  other  matters  in  solution,  are  made 
into  leather  by  two  different  processes,  one  called  tanning,  and  the  other  tawing  ; 
and  both  these  processes  are  sometimes  combined  in  sheep,  goat,  and  deer  skins, 
by  tawing  first  and  tanning  afterwards,  in  a  slight  manner ;  and  a  large  pro- 
portion of  the  tanned  hides  of  the  horse,  ox,  and  other  large  animals,  undergo 
an  operation  called  currying,  to  render  it  flexible,  and  resist  water.     There  are 
many  trifling  variations  in  the  processes  adopted  by  different  tanners  and 
leather-dressers  with  respect  to  the  same  kind  of  skins,  and  each  kind  is  treated 
differently  in  some  respect,  either  in  consequence  of  its  natural  peculiarities,  or 
the  application  to  which  it  is  designed  when  finished.     Our  descriptions  will, 
therefore,  apply  to  the  general  mode  of  proceeding  in  the  principal  sorts  of 
leather. 

The  thin  skins  of  cows,  calves,  and  others  of  a  similar  texture,  are  soaked 
for  two  or  three  days  in  a  pit  of  water  to  free  them  from  dirt,  blood,  and  other 
matters  that  may  slightly  adhere  to  tliem.     They  are  then  taken  out,  and  laid 
upon  a  horse  or  beam,  (which  is  usually  a  semi-cylindrical  piece  of  timber,  or 
the  rib  of  a  whale,)  whereon  they  are  scraped  and  pared,  to  free  them  from 
any  adhering  flesh,  fat,  &c.     Tlie  nides  are  next  immersed  in  a  pit  containing 
milk  of  lime,  wherein  they  are  frequently  stirred,  and  are  allowed  to  remain 
until  the  cuticle  of  the  skin  is  so  far  destroyed  as  to  be  easily  rubbed  or  pared  off 
along  with  the  hair  to  which  it  is  connected.     When  this  is  found  to  be  the 
case,  they  are  taken  out,  stretched  upon  the  beam,  and  with  a  large  two-handled 
blunt-edged  knife  the  workman  scrapes  off*  the  hair.      In  lieu  of  this  liming 
process,  in  some  places,  the  hides  were  formerly  piled  wet  one  upon  another, 
and  covered  over  with  spent  bark,  (or  otherwise  kept  warm  in  what  was  called 
a  smoke-house,)  until  the  cuticle  and  the  hair  would  readily  come  off*.     I'be 
absorption  of  lime  in  the  before-mentioned  process  makes  the  skins  hard  and 
thick ;  to  render  them  supple,  and  prepare  them  for  receiving  the  tan  liquor, 
they  are  thrown  into  a  pit  called  the  poke,  or  mastering-pit,  which  contains  a 
quantity  of  putrescent  dung  diffused  in  water :  tlie  dung  of  dogs,  pigeons,  or 
sea-fowl,  is  preferred  for  this  purpose,  that  from  cows  and  horses  not  being 
sufficiently   powerful.     During  the  process  they  are  firequently  well  stirred, 
and  sometimes  taken  out  of  the  pit,  piled  up,  and  put  in   again.      When 
the   skins   have    become    perfectly   soft,   they  are  taken  out  of  the  putre- 
scent pit,  and  cleansed  on  the   beam,    when   they   are   ready   for   tanning. 
The  large  thick  hides  of  the  ox  or  boar,  intended  for  the  toughest  sole-leather, 
being  not  so  liable  to  sudden  injury  as  the  thinner  skins,  are  frequently  cleared 
of  -^neir  hair  and  other  matter  without  resorting  to  the  liming  process.      They 
are  allowed  to  ferment,  piled  up  in  a  warm  place,  and  the  putrefactive  proeesi 
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m  carried  farther,  that  the  cuticle  and  hair  may  be  easily  removed.  ~  When 
this  has  been  done,  they  are  immersed  for  several  days  in  sour  liquor,  made 
fincwn  fermented  barley,  or  rye  mesl ;  the  acid  is  generated  in  the  process,  and 
seems  to  be  the  active  agent  in  softening  and  opening  the  texture  of  the  skin, 
assisted  by  the  continuance  of  the  fermentation,  of  which  the  skin  partakes. 
This  process,  which  always  precedes  that  of  tanning,  is  called  raising,  as  it  has 
the  effect  of  considerably  swelling  the  skin.  Instead  of  the  foregoing  acid, 
some  tanners  use  very  dilute  sulphuric  acid,  in  the  proportion  of  about  four 
poonds  to  a  hundred  gallons  of  water. 

The  process  of  tanning  is  essentially  the  same  in  all  skins.  It  consists  merely 
in  tnunersing  the  skin  for  a  sufficient  length  of  time  in  an  inftision  of  oak  bark, 
or  other  vegetable  astringent,  until  it  is  completely  saturated  with  it  Hence 
the  art  of  preserving  the  hides  of  animals  by  this  method  is  one  of  the  most 
ancient  ana  univerMd  of  all  manufactures,  no  apparatus  whatever  being 
required  to  perform  it,  except  a  pit  or  hole  for  water,  in  which  the  tannine 
vegetable  may  be  put,  and  the  skin  thrown  in  alon?  with  it  Almost  equal 
simplicity  is  observed  in  the  most  improved  methods  of  tanning,  the  art  mainly 
consisting  in  judiciously  regulating  the  strength  of  the  tanning  infusion,  and  in 
the  manipulation  of  stirring  the  hides  in  such  a  manner,  that  all  that  are  in  a 
pit  may  be  equally  impregnated. 

The  substance  used  m  this  country  is  chiefly  oak  bark,  which  is  ground  into 

a  coarse  powder,  and  is  thrown  into  pits  with  water,  by  which  an  infusion  of 

the  tan,  and  other  soluble  parts,  is  made,  which  is  technically  called  ooze. 

The  hides,  (previously  prepared  in  one  or  other  of  the  ways  before  mentioned,) 

are  first  put  into  small  pits,  with  a  very  weak  ooze^  where  they  are  allowed 

to  macerate  for  some  weeks,  with  frequently  stirring,  or  handling,  as  it  is 

termed.     As  the  process  of  tanning  proceeds,  the  strength  of  the  different 

oosea  is   gradually  increased,   afler  which,  the  half-tanned  hides,   (if  of  the 

thick  )ana,  intended  for  sole  leather,  and  which  require  very  complete  tanning,) 

are  pot  into  larger  pits,  with  alternate  layers  of^  ground  bark,  in  substance, 

till   the   pit  is  filled,  over  which   a  heading    of  bark   is   also  laid,  and  the 

mterstices  filled  up  with  a  weak  ooze  to  the  brim.     The  hides  are  by  this 

arrangement  suppUed  with  a  quantity  of  fresh  tan  in  proportion  as  they  absorb 

the  tan,   previously  dissolved  in  the  water.     By  this  mode  of  tanning,  the 

thickest  U^ither  takes  fifteen  months  before  it  is  thoroughly  tanned  throughout ; 

which  is  ascertained  by  cutting  a  piece  off  the  edge  of  the  hide,  when  it  should 

sppear  uniformly  throughout  its  thickness  of  a  nutmeg-brown  colour,  and  any 

portion  that  is  not  tanned  will  exhibit  a  whitish  or  pale-coloured  streak  in  the 

middle. 

M.  Seguin,  a  French  chemist,  investigated  the  process  of  tanning  with  great 
assiduity,  and  came  to  the  conclusion  that  by  condensing  the  tanning  principle 
to  as  to  accelerate  its  action,  leather  might  be  tanned  in  a  less  number  of  days 
than  it  usually  takes  of  months.  To  effect  this,  his  process  is  simple.  He  pours 
water  upon  the  powdered  tan,  contained  in  an  apparatus  nearly  similar  to  that 
made  use  of  in  saltpetre  works.  This  water,  by  going  through  the  tan,  takes 
from  it  a  portion  of^  its  tanning  principle,  and  by  successive  filtrations  dissolves 
every  time  an  additional  quantity  of  it,  till  at  last  the  bark  rather  tends  to 
dmive  it  of  some  than  to  give  up  more.  Seguin  succeeded  in  bringing  these 
Bomtioos  to  such  a  degree  of  strength  that  he  could,  according  to  his  own  state- 
oMBt,  eompletely  tan  a  calf-skin  in  twenty-four  hours,  and  the  strongest  ox-hide 
m  seven  or  eiebt  days.  These  solutions  containing  a  greater  quantity  of  the 
taming  principle,  impart  (it  is  said)  to  the  skin  as  much  of  it  as  it  can  absorb, 
so  that  it  can  then  easily  attain  a  complete  saturation  of  the  principle,  and  pro- 
duce leather  of  a  quality  much  superior  to  that  of  most  countries  famous  for 
their  leather. 

When  a  patent  for  Segum's  method  was  taken  out  in  this  country,  Mr. 
Nicholson  stated,  that  from  information  acquired  from  the  manufacturers,  he 
tbond  that  they  had  previously  been  sufficiently  acquainted  with  the  powers  of 
strong  tanning  infiisions,  and  that  it  had  even  been  proposed  to  employ  them  so 
•s  to  ahndg9  the  process,  bat  the  leather  thus  produced  was  by  no  meant  ec\\M\ 
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to  that  produced  in  the  old  way.  The  advantage  of  the  slow  and  gradual  pro- 
cess appears  to  be,  that  the  whole  substance  of  the  skin  is  penetrated  and  equally 
changed ;  while  in  the  more  rapid  method  the  external  must  be  more  acted  on, 
and  the  texture  probably  more  unequal.  It  appears  also  from  Sir  H.  Davy's 
experiments,  to  combine  with  a  larger  quantity  of  the  extractive  matter  con- 
tained in  the  astringent  iniiision  ;  and  hence,  too,  the  advantage  of  the  immer- 
sions in  the  weak  liquors,  as  these  contain  more  of  this  than  the  strong  infusions. 
It  must  be  confessed,  however,  that  for  any  thing  theory  can  discover,  the  com- 
mon process  appears  to  be  unnecessarily  protracted,  and  some  advantage  might 
probably  be  derived  from  adopting  some  of  the  manipulations  of  Seguin. 

To  accelerate  the  process  of  tanning,  warm  infusions  of  the  tanning  liquor, 
instead  of  cold,  have  been  employed,  and  we  are  informed  with  some  degree  of 
■uccess.  With  the  same  object  in  view,  it  has  likewise  been  attempted  to  make 
leather  hy  forcing  the  tanning  liquor  into  the  pores  of  the  skin  by  mechanical 
pressure.  The  first  of  these  attempts  was  made  by  Mr.  Francis  Gibbon  Spils- 
bury,  of  Walsall,  in  Staffordshire,  who  took  out  a  patent  for  his  process  in  1824, 
which  he  thus  describes  in  his  specification : — ''  My  invention  consists  in  the 
introduction  of  the  tan  liquor,  by  means  of  mechanical  force,  into  the  pores  or 
substance  of  the  skin  or  hide,  which  I  effect  in  the  following  manner: — The 
skin  or  hide  bein?  cleansed,  and  otherwise  prepared  in  the  usual  ways  for  the 
action  of  the  tan  liquor,  is  to  be  carefully  examined,  and  any  holes  that  may  be 
found  are  to  be  sewed,  or  otherwise  secured,  by  means  which  are  well  known, 
so  as  to  prevent  the  liquor  from  nmning  through ;  after  which  it  is  in  a  proper 
state  to  be  exposed  to  the  action  of  the  tan  liquor,  in  conjunction  with  mecna- 
nical  pressure,  which  I  effect  in  the  following  manner .  I  provide  three  frames, 
of  similar  shapes,  made  of  wood,  copper,  or  any  other  suitable  material  (I  may 
mention  that  the  use  of  iron  for  this  purpose,  unless  covered  with  a  coating  of 
paint,  should  be  avoided,  as  its  effects  would  be  to  blacken  the  skin  or  hide), 
and  fiimished  at  the  sides  with  ears  or  loops,  for  the  reception  of  screw-bolts, 
the  object  being,  by  means  of  the  outer  frames,  to  press  two  skins  or  hides,  one 
on  each  side,  against  the  middle  frame,  and  through  an  aperture  in  this  middle 
frame  to  introduce  the  tan  liquor  under  pressure  into  tne  space  thus  formed 
between  the  two  hides,  the  effect  of  which  will  be  to  produce  a  continued  filtra- 
tion or  percolation  of  the  liquor ;  and  in  consequence  of  which,  the  tanning 
process  rapidlv  takes  place,  llie  middle  frame  diners  from  the  others  in  having 
two  pipes  let  mto  it  at  the  top,  and  a  cock  let  into  it  at  the  bottom.  One  of  the 
exterior  frames  being  laid  fiat  down,  with  its  inner  surface  uppermost,  a  skin  or 
hide,  previously  prepared  as  aforesaid,  is  laid  or  stretched  over  it ;  the  middle 
frame  is  then  laid  on,  taking  care  that  the  edges  of  the  skin  or  hide  shall  be 
every  where  griped  or  nipped  between  the  two  frames ;  a  second  skin  or  hide, 
prepared  as  aforesaid,  is  then  to  be  laid  on  the  middle  frame ;  and  lastly,  the 
other  exterior  frame  is  to  be  laid  on,  care  being  taken  that  the  edges  of  the 
second  skin  or  hide  shall  be  every  where  griped  or  nipped  between  the  middle 
frame  and  the  last  exterior  frame.  The  frames  and  skins  are  then  to  be  secured 
by  means  of  screw  bolts,  entering  into  screwed  holes,  in  the  ears  or  loops.  The 
frames  are  then  to  be  raised  upright ;  one  of  the  pipes  is  to  be  secured,  to  a  pipe 
communicating  with  a  cistern  containing  tan  liquor ;  the  other  pipe  is  to  be  left 
open  for  the  escape  of  air,  and  the  cock  at  the  bottom  is  to  be  closed.  The  cock 
of  the  pipe  communicating  with  the  cistern  being  opened,  the  liquor  contained 
in  the  cistern  will  flow  down,  and  will  occupy  the  space  between  the  two  skins 
or  hides,  driving  out  the  air.  When  the  liquor  has  risen  into  the  pipe  for  the 
escape  of  the  air,  showing  that  the  space  is  filled,  its  cock  is  to  be  closed ;  upon 
which  the  tan  liquor  between  the  skms  or  hides  being  subjected  to  hydrostatic 
pressure,  by  means  of  the  communication  with  the  cistern  (and  which  may  be 
produced,  increased  and  varied  by  methods  well  known),  will  be  forced  through 
the  pores  or  substance  of  the  skins  or  hides,  and  will  appear  in  the  form  of  dew, 
or  small  drops,  on  their  outward  surface.  The  time  required  for  completing  the 
tanning  will  vary  according  to  the  density  of  the  skins  or  hides,  the  strength  of 
thi^  tan  liquor,  the  amount  of  the  hydrostatic  pressure,  and  other  circumstances. 
When  the  skins  or  hides  arc  found  to  be  tanned,  they  are  to  be  removed  fix>m 
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the  frames  ttti  their  oti(«r  «dge>,  as  far  at  they  were  iqueeied  or  nipped 
betweeu  the  tnme*,  must  be  pared  off;  the  ikini  or  hide*  are  then  t«be  dried, 
ind  prepared  for  market  in  the  usual  manner.  It  is  not  mj  intention  to  claim, 
under  tnia  patent,  the  eiduuve  use  of  the  &amei,  acren  bolts,  pipes,  or  any 
irtitle  of  apparatui  herein  mentioned ;  or  the  uie  of  any  particular  kind  of  tan 
Uqoor,  or  any  mode  or  proceis  of  preparing  and  of  finiahing  the  skim  or  hide*, 
n*e  and  eicept  the  application  of  the  machinea  or  engine*  herein  deicribed  or 
Kt  (ofth,  or  any  imitation  of  them,  for  the  purpose  of  causing  Che  tan  liquor  or 
Kquurs  to  pass,  by  fUtration,  or  percolation,  through  skins  or  hides.  The  appa- 
titu*  her«m  described  for  efiectinr  this  purpose  ia  luch  as  I  have  employed 
wilh  success,  and  coniider,  upon  the  whole,  to  be  best  i  but  particular  local 
Ktualions,  or  other  circunutances,  may  render  it  expedient  to  change  the 
ibape  of  the  hamet,  or  their  vertical  poaitiong,  for  some  other  i  or  to  enclose 
between  the  middle  Irames  and  either  of  the  exterior  ones,  two  or  more  skim 
at  hides,  instead  of  the  aingte  one,  as  above  mentioned,  /ijr.  I  is  a  front  view, 
and  /%!-  2  is  a  aide  view.  The  same  letters  of  reference  indicate  the  same  part* 
in  each  figure;  a  a  is  oae  of  the  exterior  trenies;  b  b  U  the  other  exterior 
fnnie;  ee  are  two  hides,  secured  between  the  exterior  frames  and  the  middle 
fivnt,  by  means  of  the  screw  bolts ;  ij  ia  the  cistern  contaioiiig  the  tan  liquor ; 
ciaihe  pipe  through  which  the  tan  liquor  descends  from  the  cistern  into  the 
ip*ce  or  cavity  between  the  two  hides,  and  which  will  vary  in  length  according 


^iIm  smotint  of  hydrottatic  preasure  intended  to  be  given ;  /  is  the  exit  pipe, 
™M>gfa  which  the  ajr  e«cape*  when  the  liquor  ia  running  down  through  ttie 
J't"!  gii  a  cock  for  the  purpose  of  discharging  from  between  the  skins." 

™tfy  after  Hr.  Spibbtiry  enrolled  hii  specification,  another  person  took 
M  *  fUrat  (or  a  alight  deriation  in  the  ^iparatiu,  but  on  the  same  principle 
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at  Mr.  Spilsoury'8.  Neither  of  these  gentlemen,  however,  aecordmg  to  our 
information,  have  as  yet  succeeded  in  bringing  their  plans  into  practical 
operation,  owing,  we  understand,  to  the  curious  circumstance,  that  the  pressure 
has  a  tendency  to  drive  the  gelatin  out  of  the  skin,  and  to  convert  it  into  a 
very  hard  and  inflexible  material,  not  at  all  applicable  to  the  ordinary  uses  of 
leather. 

In  1827,  Messrs.  Knowlvs  and  Duesbury  obtained  a  patent  for  improvements 
in  tanning,  having  a  similar  object  in  view,  and,  as  it  appears  to  us,  with  an 
arrangement  better  calculated  to  succeed.  The  skins  were  to  be  suspended 
vertically  in  a  large  air-tight  vat,  which,  as  well  as  the  skins,  were  to  be  com- 
pletely exhausted  of  air,  previous  to  saturating  them  with  the  tan  liquor,  which 
the  skins  will,  in  consequence,  more  readily  imbibe.  A  large  aperture,  or  man- 
hole, is  made  in  the  top  of  the  vat,  for  a  workman  to  descend  and  hang  up  the 
■kins,  which  are  stretched  from  side  to  side  upon  hooks,  at  a  regular  distance 
apart,  and  kept  in  vertical  and  parallel  positions  by  leaden  weights,  at  their 
lower  edges.  This  being  done,  a  weak  infusion  of  tan  is  admitted,  until  it 
covers  the  hides ;  the  workman  then  closes  the  man-hole  by  the  cover,  which 
18  rendered  air-tight  by  a  proper  packing  upon  its  rebated  edges ;  the  air  is  next 
exhausted  by  the  air-pump  as  for  as  may  oe  deemed  necessary ;  in  this  state 
the  vessel  is  to  remain  for  a  day  or  two,  when  the  air  may  be  re-admitted  by  a 
■top-cock,  and  the  liquor  pumped  out  through  a  pipe  at  the  bottom  of  the 
vessel.  The  hides  are  then  to  remain  to  drain,  and  in  contact  with  the  air  for 
a  few  hours,  after  which  a  second  infusion  of  tan,  stronger  than  that  first  used, 
is  let  in  to  cover  the  hides,  and  the  process  repeated  as  often  as  may  be  found 
necessary  to  completely  tan  the  hides,  increasing  the  strength  of  the  liquors  at 
every  successive  operation. 

Our  transatlantic  brethren  are  not  behind  us  in  attempts  to  improve  the  old 
system  of  tanning.  In  the  Journal  of  the  Franklin  InstihUe,  we  find  the  fol- 
lowing specification  of  an  American  patent,  granted  to  Osmond  Cagswell,  in 
1831,  which  seems  to  be  well  deserving  of  the  attention  of  the  British  tanner: — 
**  The  improvement  consists  in  applying  a  solution  of  oak  or  other  bark  to  hides 
or  skins,  in  such  manner,  as  that  when  the  glutinous  particles  of  the  hide  have 
absorbed  and  become  mixed  with  the  tanning  or  astringent  principle,  the  other 
part  of  the  solution  (viz.  the  water)  may  pass  off)  and  leave  the  hide  free  to 
receive  more  of  the  solution,  and  so  on  till  it  is  tanned.  The  object  is  to 
expedite  the  process  of  tanning,  and,  consequently,  to  diminish  the  amount  of 
capital  necessary  to  be  employed  in  the  business.  The  apparatus^  and  mode  of 
application^  is  as  follows :  Make  a  frame  of  timber,  of  a  square  form ;  the  widtn 
to  be  made  as  great  as  the  width  of  the  hides,  parts  of  hides,  or  skins,  that  are 
to  be  tanned;  the  height  and  length  to  suit  convenience.  Near  the  bottom,  or 
ground  of  said  frame,  a  light  floor  is  to  be  formed  of  the  length  and  breadth 
of  the  frame ;  said  floor  to  incline  to  one  side,  so  as  to  carry  off*  the  liquor 
after  it  has  passed  through  the  hide ;  the  sides  and  ends  to  be  raised  from  two 
to  four  inches  above  the  floor,  by  fastening  strips  of  plank  on  the  inside  of  the 
frame ;  this  will  appear  like  a  box, — say  four  feet  wiae,  two  inches  high  on  one 
side,  and  four  on  the  other,  and  twenty  feet  long ;  (these  boxes  may  be  fixed 
one  above  another,  about  twelve  inches  apart,  to  the  top  of  the  frame ;)  said 
boxes  to  be  filled  with  sawdust^  or  any  other  soft  porous  substance  that  wiU 
not  prevent  the  solution  from  running  through  the  hide,  and,  at  the  same  time, 
absorb  and  carry  it  off*  after  it  has  passed  through.  On  this  surface  (of  saufduH) 
the  hides,  sides,  or  skins,  (after  having  been  prepared  in  the  usud  mode  for 
tanning,  except  that  the  flesh  is  to  ^  taken  on  clean,)  are  to  be  smoothly 
spread  out,  and,  in  order  to  keep  on  them  a  sufficient  quantity  of  the 
solution,  make  sacks  of  coarse  cotton  or  other  cloth,  an  inch  or  more  in 
diameter;  fill  them  with  the  same  material  that  the  boxes  are  filled  with, 
and  place  them  around  under  the  edges  of  the  hides,  which  will  raise 
said  edges  equal  to  the  diameter  of  the  sacks.  After  this  is  done,  pour  on 
the  hides  as  much  of  the  solution  as  the  hollow  surface  which  they  will  then 
present  will  hold,  and  continue  to  fill  them  up  as  it  runs  off*  tmrough  the 
pores  of  the  hide  for  the  space  of  from  three  to  fifteen  days  (the  tune  in 
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proportion  to  the  thickness  of  the  hide  or  skin),  in  wliich  time  they  will  be 
tanned,  except  the  extreme  parts  or  edges,  which  cannot  be  brought  so  fully 
under  the  process  as  the  other  parts  of  the  hides ;  and  in  order  perfectiy  to  tan 
them  it  is  necessar)'  to  lay  them  in  vats  after  the  common  mode,  for  three 
or  four  weeks." 

In  1832  Mr.  William  Drake,  of  Bedminster,  near  Bristol,  specified  a  patent 
"  for  an  improvement  in  tanning  hides  and  skins,"  the  novelty  of  which  consists 
in  applying  the  tanning  liquor  on  one  side  only  of  the  skin,  and  causing  it  to  ooze 
through  the  skin  to  the  other  side,  whence  the  aqueous  portion  of  the  liquor  is 
abstracted  by  evaporation  ;  the  results  of  which  process  are  stated  to  be,  that 
the  skins  are  more  thoroughly  and  uniformly  tanned,  and  that  the  operation  is 
completed  with  cold  liquor  in  ten  days  instead  of  ten  months.   The  specification 
states  that  the  skins  are  to  undergo  the  usual  primary  process  of  liming ;  they  are 
then  to  be  immersed  and  well  handled  in  a  vessel  containing  bachvard  (a  weak 
solution  of  tan)  until  thoroughly  saturated,  which  removes  the  lime  and  pre- 
pares them  for  a  stronger  impregnation.     Thus  prepared,  the  skins  (excepting 
such  as  are  intended  for  butts  and  niiddlings)  are  to  be  rounded ;  then  two  of 
them  are  to  be  laid  face  to  face,  and  be  carefully  sewn  together  with  waxed 
thread  at  their  edges,  so  as  to  form  a  kind  of  bag  impervious  at  the  junction, 
leaving  a  small  opening  at  the  shoulder  for  the  insertion  of  the  neck  of  a  funnel 
shaped  vessel ;  but  the  patentee  observes,  it  would  be  better  to  sew  between  the 
skins  a  collar  adapted  to  receive  the  end  of  the  funnel.     As  bags  so  formed 
would  bulge  out  when  filled,  they  are  to  be  confined  between  two  gridiron- 
like frames  of  parallel  bars,  adapted  to  compress  the  bag  in  such  a  manner  as  to 
produce  internally  a  vertical  stratum  of  liquid  of  about  an  inch  in  thickness 
between  the  two  skins ;  and  as  the  skins  are  thickest  towards  their  middles, 
this  variation  is  compensated  for  by  cutting  away  a  portion  of  the  vertical 
wooden  bars  from  a  straight  into  a  hollow  curved  line.  The  skins  are  suspended 
by  loops  to  the  bags,  which  traverse  the  upper  horizontal  bars  of  the  frames, 
and  the  two  frames  are  duly  drawn  together  oy  four  screw  bolts  passing  through 
the  extremities  of  the  top  and  bottom  bavs.     The  funnel  being  inserted  into  tne 
aperture  between  the  skins,  it  is  charged  with  strong  tan  liquor  sufiicient  to 
distend  the  bag,  and  leave  a  surplus  quantity  to  supply  the  loss  by  evaporation 
after  the  moisture  has  penetrated  to  the  outside  of  the  bags ;  a  small  gutter  at 
the  bottom  of  and  between  the  frames  receives  whatever  liquors  may  drop  from 
the  skins,  and  conducts  it  into  a  vessel,  by  which  it  is  returned  whenever  neces- 
sary into  the  funnel  reservoir  above.     To  prevent  the  compression  of  the  ver- 
tical bars  from  forming  permanent  indentations  and  ridges  in  the  skins,  the 
patentee  dhrects  that  the  bags  be  occasionally  shifted  a  little  laterally. 

To  facilitate  the  evaporation,  and  consequently  the  absorption  of  fresh  solu- 
tions of  tan,  the  operations  are  recommended  to  be  conducted  in  chambers 
artificially  warmed,  and  the  liquor  which  oozes  through  the  skin,  and  is  received 
into  the  gutters,  is  directed  to  be  conducted  into  vessels  acting  the  part  of  refri- 
geratories, in  order  that  cold  liquor  may  always  be  supplied  to  the  skins  ;  (but 
how  this  liquor  is  to  be  preserved  cold  in  a  warm  chamber,  the  specification 
does  not  explain).  When  the  skins  are  sufficiently  tanned,  a  stitcn  or  two  of 
the  sewing  at  the  bottom  of  the  bag  is  opened,  and  the  liquor  is  received  into, 
and  carried  off  by,  the  gutter  underneath. 

The  claim  to  invention  in  this  patent  consists  in  the  mode  of  accelerating  the 
penetration  of  the  tanning  liquor  by  exposing  the  outer  sides  of  the  skins  to 
evaporation.  The  process  seems  to  be  well  calculated  to  economize  time,  but 
there  is  one  defect  in  the  arrangement  for  which  we  would  suggest  a  remedy. 
The  skins  being  laid  vertically,  the  pressure  of  the  column  of  liquid  will  cause 
a  much  more  rapid  absorption  of  the  tan  in  the  lower  than  in  the  upper  part  of 
the  skins ;  and  if  no  itiiury  be  sustained  by  the  lower,  by  continuing  the  pro- 
cess until  the  upper  is  mlly  saturated  with  tan,  there  is,  at  the  least,  a  loss  of 
time.  It  is  also  probable  that  the  liquor  is  stronger  at  the  bottom  thnn  at  the 
top  of  the  bag.  From  both  these  causes,  therefore,  we  should  not  expect  that 
the  leather  produced  would  be  uniform  in  its  quality.  To  obviate  these  defects, 
we  recommend  the  patentee  to  suspend  his  frames  midway  upon  revolving  axes, 
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and  to  fix  at  each  end  of  hia  bag  a  charging  vessel  with  a  stop-cock,  or 
some  other  simple  contrivance  to  answer  the  same  purpose  :  the  bags  may  then 
be  reversed  at  pleasure,  swinging  them  round  upon  their  axes  into  any  aesired 
position,  and  the  lateral  shifting  between  the  bars  will  take  place  of  itself.  If 
tliere  were  only  one  charging  vessel  with  a  stop-cock  to  it,  it  would  suffice  ;  as 
by  turning  the  frame  halfway  round  it  would  serve  for  a  discharging  aperture. 

Mr.  Jacquemart,  of  Leicester  Square,  London,  recently  introduced,  under  ft 
patent  right,  a  process  of  tanning,  which  is  stated  to  be  especially  applicable  to 
the  skins  of  small  animals,  such  as  hares,  rabbits,  cats,  and  sea-rats.  Upon 
readin?  the  specification,  however,  we  did  not  find  any  thing  essentially  different 
from  that  which  is  well  known,  and  in  use,  except  that  he  adds  a  small  quan- 
tity of  orpimenl  to  the  other  ingredients  employed  in  tanning ;  5  or  6  ounces  are 
mentioned  as  a  proper  quantity  for  a  hundred  of  the  small  skins.  He  com- 
mences the  process  by  removing  the  hair  from  the  skins ;  first  taking  off  the 
long  hair  and  afterwards  the  short ;  and  to  facilitate  this  operation,  he  steeps 
the  skins  in  water  slightly  acidulated,  (using  sulphuric  acid,  in  very  small  quan- 
tities,) or  in  the  milk  of  lime ;  and  in  either  of  these  the  skins  are  suffered  to 
remain  till  the  matter  which  fixes  the  hair  to  the  hide  is  decomposed.  After 
the  hair  has  been  removed,  the  skins  are  to  be  again  steeped  in  water  contain- 
ing a  very  small  proportion  of  sulphuric  acid,  in  order  to  raise  or  thicken  them, 
Tlie  tanning  is  effected  by  steeping  the  skins  in  an  infusion  of  bark,  with  the 
addition  of  the  orpiment ;  the  manipulations  being  the  same  as  ii  practised  in 
ordinary. 

Of  the  numerous  substances  employed  in  tanning,  oak  bark  is  the  chief  in 
this  countrv,  not  merely  on  account  of  its  suitable  properties,  but  from  its  com* 
paratively  low  price,  and  the  facility  with  which  it  may  be  obtained  almost  every 
where.  In  Russia,  where  the  best  of  leather  is  made,  the  bark  of  the  black 
willow  is  preferred,  and  next  to  that,  the  birch  bark.  Chesnut  bark  is  now 
much  esteemed  for  the  purpose.  A  tanner  at  Bern-castle,  on  the  Moselle,  has 
lately  employed  the  myrtle  with  great  advantage ;  it  is  reported  that  by  the  use 
of  it  as  a  substitute  for  oak  bark,  better  leather  is  made  by  it  in  much  less  time ; 
a  commission  appointed  at  Treves,  for  the  examination  of  leather  so  tanned* 
reported  that  tney  never  before  saw  any  article  equal  to  it  in  quali^.  The 
Recueil  Induslriel  has  recently  stated,  that  at  Narbonne,  the  marc  o/^  grapes, 
after  being  distilled  for  the  separation  of  the  alcohol,  had  been  found  a  most 
important  substitute  for  oak  bark  in  tanning.  After  the  skins  had  been  pre- 
pared in  the  usual  way,  they  were  placed  in  the  pits  containing  the  marc  instead 
of  bark ;  the  skins  were  completely  tanned  in  from  thirty-nve  to  forfy  days. 
The  expected  advantages  are,  shortening  the  process,  reducing  the  cost,  im- 

S roved  odour,  and  greater  strength.  But  of  all  the  substances  of  recent  intro- 
uction,  the  extract  from  the  mimosa,  known  in  commerce  by  the  terms  jfum 
catechu,  and  Japan  earth,  is  the  richest  in  tannin  matter.  This  tree  grows  in 
vast  abundance  m  New  South  Wales ;  where  preparations  have  been  made  for 
making  the  extract  on  a  great  scale  for  the  tanning  process.  The  leather  made 
from  it  is  of  a  beautiful  colour,  and  an  excellent  quality. 

The  experiments  of  Sir  Humphrey  Davy  show,  that  1  lb.  of  catechu  is  nearly 
eaual  to  2}  of  galls,  to  3  of  sumach,  to  7|  of  the  bark  of  the  Leicester  willow,  8| 
of  oak-bark,  11  of  the  bark  of  the  Spanish  chesnut,  18  of  elm  bark,  and  21  of 
common  willow  bark,  with  respect  to  the  tannin  contained  in  them.  He  observes, 
too,  that  leather  slowly  tanned  in  weak  infusions  of  bark,  appears  to  be  better 
in  quality,  being  both  softer  and  stronger  than  when  tanned  by  strong  infVisions; 
and  he  ascribes  this  to  the  extractive  matter  they  imbibe.  This  principle, 
therefore,  affects  the  quality  of  the  material  emploved  in  tanning ;  and  galls, 
which  contain  a  great  deal  of  tannin,  make  a  hard  leather  very  liable  to  crack, 
from  their  deficiency  of  extractive  matter. 

The  preparing  and  dressing  of  lambs,  sheep,  deer,  goat,  and  other  thin  hides, 
closely  resembles  the  method  used  with  those  of  thicker  or  larger  kind  already 
mentioned,  but  it  usually  forms  a  distinct  branch  of  business ;  and  it  is  one 
that  requires  much  practical  skill  and  nicety  of  manipulation,  to  produce  goods 
of  the  deiired  quality.    The  processes  vary  in  many  particulars,  according  to  the 
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nature  of  the  commodity.     This  branch  of  the  leather  manufacture  supplies  the 
immense  demand  of  white  and  dyed  leather,  the  (so  called)  Spanish  and  Morocco 
leather,  of  different  colours  and  qualities,  and  a  great  variety  of  thin  leather  for 
different  purposes.     Of  these,  the  white  leather  alone  is  not  tanned,  but  is  pre- 
pared by  the  process  called  tawing;  but  tlie  coloured  leather  receives  always  a 
tanning,  which  is  usually  e^cted  by  sumach,  independently  of  the  other  dyeuig 
materials.     The  previous  preparation  of  each,  or  that  in  which  the  skin  is 
thoroughly  cleansed,  and  reduced  to  the  state  of  simple  membrane,  in  which 
it  is  called  peli,  is  especially  the  same,  whether  for  tawing  or  dyeing.     The 
mode  of  peiforming  these  operations  at  Bermondsey,  adjoining  London,  is  as 
follows : — Lamb  skins,  are  first  soaked  for  a  time  in  water,  to  cleanse  them  from 
the  loose  dirt  and  blood,  then  put  upon  the  beam,  (a  half-cyliuder  of  wood,  covered 
with  strong  leather,)  and  scraped  on  the  flesh  side  with  the  semicircular  blunt 
knife  with  two  han^es,  used  for  this  operation;  thevare  then  hungup  in  consi- 
derable numbers,  in  a  small  close  room  heated  by  flues,  where  they  remain  to 
putrefy  for  a  given  time,  durine  which  a  thick  slime  works  up  to  the  surface  of 
the  skin,  and  the  wool  is  loosed,  so  that  it  readily  comes  off  with  a  slight  pull. 
Each  skin  is  then  returned  to  the  beam,  the  wool  taken  off  and  preserved,  and 
ill  the  alime  worked  off  with  the  knife,  and  the  rough  edges  pared  away.    The 
skin  is  next  put  into  a  pit  filled  with  lime  water,  and  kept  there  from  two  to  six 
veeks,  according  to  the  nature  of  the  skin  ;  this  process  has  the  effect  of  stop- 
ping the  putrefaction  of  the  skins,  and  renders  them  thicker  and  harder ;  after 
vhich  it  is  again  worked  upon  the  beam,  and  much  of  its  substance  is  pared 
down,  and  afi  inequalities  smoothed  with  the  knife.     Much  skill  and  judgment 
ue  required  in  these  operations;  on  the  one  hand,  not  to  endanger  the  substance 
of  the  skin  by  the  putrefaction,  and  on  the  other  hand,  to  work  out  every  par- 
tide  of  the  slime,  the  least  of  which,  if  retained,  will  prevent  the  skin  from  dressing 
well  in  the  subsequent  processes,  and  from  taking  the  dye  uniformly  and  weli. 
The  skin  is  again  sofUned  and  freed  from  the  lime,  by  being  plunged  into  a  vat  of 
bnn  and  water,  and  kept  there  for  some  weeks  in  a  state  of  gentle  fermentation, 
bdog  occasionally  returned  to  the  beam.     All  the  thickening  produced  by  the 
fime  is  thus  removed,  and  the  skin  in  this  highly  purified  state,  is  a  thin  exten- 
oUe  white  membrane,  called  a  peltf  which  is  a  condition  that  adapts  it  to  any 
nbsequent  operation,  of  tawing,  or  dyeing,  oil-dressing,  or  shammoying. 

The  method  of  bringing  kid  and  goat  skins  to  the  state  of  pelt,  is  nearly  the 
tame  as  for  lambs,  except  that  the  liming  is  used  before  the  hair  is  taken  o^  the 
hair,  being  only  employed  by  plasterers,  is  of  little  value ;  but  the  lamb's  wool, 
vhich  is  more  valuable,  would  be  injured  by  the  lime.  Kid*s  skins,  being  of  a 
do9er  texture  than  lambs',  take  a  long  time  in  tanning. 

If  the  pelts  are  to  be  tawed,  they  are  then  put  into  a  solution  of  alum  and 
ttlt,  in  warm  water,  in  the  proportion  of  about  three  pounds  of  alum,  and  four 
pounds  of  salt  to  everv  120  middle  sized  skins,  ana  worked  therein  till  they 
we  absorbed  a  sufficient  quantity.  This  again  gives  the  skin  a  remarkable 
ilegree  of  thickness  and  toughness.  The  skins  are  then  taken  out,  washed  in 
*ater,  and  then  again  nut  into  a  vat  of  bran  and  water ;  and  allowed  to  ferment 
for  a  time,  till  much  or  the  alum  and  salt  is  got  out,  and  the  usual  thickening 
produced  by  them  is  for  the  most  part  reduced.  They  are  then  taken  to  a 
«%  room,  with  a  stove  in  the  middle,  and  stretched  on  hooks,  and  kept  there  till 
^y  dry.  The  skins  are  thus  converted  into  a  tough,  flexible,  and  quite  white 
Ictdier;  but  to  give  them  a  glossy  finish,  and  to  take  off  the  harshness  of  feel 
■^  remaining,  they  are  again  soaked  in  water,  to  extract  more  of  the  salt,  and 
pot  into  a  large  paO  containing  the  yolks  of  eggs  beat  up  with  water.  Here 
^  skins  are  trodden  for  a  long  time,  by  which  they  so  completely  imbibe  the 
nhstance  of  the  eggs,  that  the  liquor  above  them  is  rendered  almost  perfectly 
linapid;  after  which  they  are  hung  up  in  a  \oh  to  dry,  and  finish  by  glossing 
^th  a  warm  iron.  The  essential  difference  between  tanning  and  tawing  there- 
^  is,  that  in  the  former  case  the  pelt  is  combined  with  tan  or  other  vegetable 
o^ter,  and  in  the  latter  with  something  that  it  imbibes  from  the  alum  and 
lilt,  probably  alumine. 
The  Morocco  leather  (so  termed  from  its  being  the  same  description  of  article'^ 
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as  was  formerly  imported  from  the  kingdom  of  Morocco,)  is  distinguished  into 
two  kinds ;  one  being  made  from  dears'  and  goats'  skins,  which  kind  is  by  far 
the  most  durable  and  beautiful  in  appearance,  and  often  called  **real  Morocco;" 
the  other  from  sheep  skins,  which,  from  being  only  about  one-third  the  price  of 
the  real,  and  being  artfully  made  to  imitate  the  other,  by  the  dressing  and 
finish,  is  most  extensively  used  for  book-binding,  shoes,  coverings  to  desks,  fur- 
niture, and  an  infinite  variety  of  purposes.  The  leather  is  thus  made  : — ^The 
skin,  cleansed  and  worked  in  the  way  already  described,  is  taken  from  the  lime 
water,  and  the  thickening  thereby  occasioned  is  brought  down,  not  by  bran 
liquor,  as  in  tawing,  but  by  a  bath  of  dogs'  or  pigeons*  dung  diffused  in  water, 
where  it  remains  until  sufficiently  suppled,  and  until  the  lime  is  quite  got  out, 
and  it  becomes  a  perfectly  white  clean  pelt.  If  intended  to  be  dyed  red,  or  any 
other  colour,  the  opposite  edges  of  the  skin  are  brought  together  and  sewed  up 
very  tight,  forming  an  irregular  close  hag,  with  the  grain  side  of  the  skin  out- 
wards, as  this  side  alone  receives  the  dye ;  therefore,  if  there  are  any  holes  in 
the  skin,  they  are  also  sewn  up  that  the  dye  may  not  get  inside  the  bag  and 
dye  both  sides  of  the  skin.  The  temperature  of  the  bath  should  not  be  greater 
than  the  hand  can  hear,  when  the  skin  bags  may  be  thrown  in,  which  float 
upon  the  surface,  the  dyer  working  them  about  with  a  rod  until  they  have 
imbibed  the  dye  uniformly.  The  proper  management  of  this  process  requires 
much  skill  and  experience,  some  colours,  particularly  the  compound,  requiring 
two  or  more  baths  to  obtain  the  required  hue.  The  cochineal  and  Brazil  reds 
are  usually  passed  through  a  weak  bath  of  saffron,  which  heightens  the  brilliancy 
of  the  colour,  and  gives  an  agreeable  odour  to  the  skins.  After  dyeing,  the 
skins  are  tanned  in  a  large  vat  containing  a  warm  infusion  of  sumach,  wherein 
they  are  kept  for  some  hours,  until  they  arc  sufficiently  tanned.  Those  skins 
that  are  intended  to  be  black,  are  first  tanned  in  sumach,  without  any  previous 
dyeing,  as  the  sumach  (or  the  gallic  acid  contained  in  it)  acts  as  a  mordant,  to 
strike  a  black  colour  by  the  addition  of  a  solution  of  iron,  which  is  rubbed  over 
them  by  a  workman  with  a  stiff  brush. 

The  next  processes  are  polishing  and  graining;  they  are  performed  either 
by  hand  or  by  machinery,  and  are  technically  c&Wed  finishing.  When  per- 
formed by  hand,  the  workman  takes  a  skin  and  lays  it  before  him  upon  an 
inclined  mahogany  table,  the  highest  side  of  which  is  upon  a  level  with  the 
workman's  middle,  and  tlie  opposite  side  about  a  foot  lower,  in  order  that  the 
weight  of  the  body  may  assist  in  giving  effect  to  the  polisher;  this  is  a  ball  of 
glass  cut  into  polygonal  surfaces,  with  which  the  workman,  holding  it  between 
his  fists,  rubs  the  surface  of  the  skin  uniformly  from  the  higher  part  of  the 
table  to  the  lower,  the  weight  of  the  upper  part  of  the  body  being  the  principal 
force  applied :  the  skin  being  held  by  its  edges  overhanging  the  highest  side  of 
the  table  against  which  the  man  presses  during  the  work.  This  polishing  or 
glazing  of  the  surface,  (which  greatly  improves  the  appearance  of  the  article,) 
being  done,  the  graining  is  proceeded  m*  For  this  purpose  the  workman 
employs  a  ball  of  hard  wood,  usually  box  or  lignum  vitae,  around  which,  equa- 
torially,  are  cut  a  series  of  equi-distant  parallel  grooves,  producing  thereby  an 
alternating  series  of  projecting  parallel  ridges ;  with  these  ridges  the  workman 
scores  the  skin  all  over  in  parallel  lines,  and  when  that  is  done  he  shifts  the  skin  a 
little,  so  as  to  cross  the  first  lines  at  a  very  acute  angle,  with  his  ridged  ball ;  which 
he  does  uniformly  over  the  skin,  and  thus  produces  a  regularly  corrugated  surface. 

In  the  application  of  machinery  to  the  operations  of  polishing  and  graining, 
the  principal  difficulty  to  be  overcome  was  to  make  the  action  accommodate 
itself  to  the  varying  thickness,  hardness,  and  texture  of  the  skin  ;  for  the  neces- 
sary quantity  of  force  to  gi'ain  the  firm  parts  of  the  skin,  would,  if  applied  to 
the  tender  parts,  tear  them  ;  and  unless  the  machine  possessed  a  very  sensible 
degree  of  flexibility,  the  prominent  parts  would  get  severely  rubbed  or  struck, 
while  the  depressed  parts  would  not  get  touched,  or  be  but  slightly  acted  upon. 
We  shall  annex  a  description  of  the  earliest  invention  (about  twenty-five  years 
ago)  for  this  purpose,  which  has  been  in  use  ever  since. 

HebcrCa  Patent  Lealher-fnishing  Machine. — This  essentially  consists  of  a  very 
stiff  circular  frame  or  wheel,  8  feet  in  diameter,  revolving  horizontally  on  a 
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Tertical  axis.     On  the  under  side  of  the  periphery  of  this  wheel  are  fixed,  in 
•oitable  carriages,  a  series  of  circular  polishers  or  grainers,  according  to  the 
nature  of  the  work  to  be  done :  the  carnages  being  provided  with  proper  means 
of  adjusting  the  position  of  the  rubbers  with  great  exactness,  and  of  readily 
fixing,  unfixing,  and  changing  them,  according  to  circumstances.     These  rub- 
bers, in  their  revolution,  pass  directly  over  a  series  of  eight  tables,  circularly 
arranged  underneath  them.   The  upper  surfaces  of  the  tables  are  all  brought  to 
one  true  horizontal  plane,  parallel  to  the  plane  described  by  the  under  surfaces 
of  the  rubbers  in  their  revolution.     The  skins  to  be  polished  or  grained,  are 
placed  on  these  tables,  one  on  each,  and  if  they  were  all  perfectly  equal  in 
thickness,  tenacity,  and  texture,  very  little  more  would  be  required  to  make 
sQch  a  machine  work ;  but  as  the  skins  differ  in  every  possible  degree  in  those 
qualities^  the  tables  are  mounted  upon  elastic  bearings,  and  are  further  sup- 
ported by  a  lever  to  each,  at  the  end  of  which  lever  is  a  step  or  treadle, 
whereon  the  workman  stands,  either  with  both  feet  or  with  one  foot  only,  that 
he  may  temper  the  force  according  to  circumstances,  or  the  nature  of  the  work 
under  operation ;  and  when  he  steps  entirely  off  the  lever,  the  table  falls  below 
the  level  of  the  range  of  the  rubbers,  and  therefore  out  of  action.     When  the 
man  is  on  the  step,  the  surface  of  the  table  over  which  the  rubbers  act,  approaches 
within  the  hundredth  part  of  an  inch  of  the  plane  described  by  the  lower  sides 
of  the  rubbers,  so  that  when  a  skin  is  interposed,  the  thinnest  parts  are  operated 
apon,  and  with  a  force  as  slight  as  the  workman  pleases,  and  the  thick  and 
tough  parts  with  any  greater  pressure  at  the  direction  of  the  operator.     For 
attaining  and  preserving  a  very  true  plane  on  that  part  of  the  table  over  which 
the  polishers  and  grainers  traverse,  that  portion  of  it  is  made  of  brass  with 
adjusting  screws  undemeatL    The  extremities  of  this  metallic  portion  are  gra- 
dually lowered  a  little  from  the  true  plane  to  prevent  the  rubbers  striking  the 
ikin  as  they  pass  in  rapid  succession  on  to  or  off  their  work.     A  workman,  who 
stands  before  each  table,  spreads  the  skin  upon  it,  and  keeps  constantly  -shifting 
it  after  each  rub  it  receives,  till  it  has  all  been  operated  all  over  alike  in  parallel 
lines;  he  then  turns  the  skin  a  little  sideways,  so  that  the  grainers  pass  over 
the  previous  lines  at  an  acute  angle,  as  before  mentioned  in  the  hand  work. 
The  ghizing  and  graining  of  leather  may  thus  be  performed  in  an  equal,  if  not  a 
npenor  manner  to  that  of  hand  finishing,  and  at  about  one-tenth  the  cost  Owing 
to  the  ground  rubbers  not  being  properly  chamfered  off  towards  their  edges,  and 
to  the  irregular  movements  of  the  skin  over  the  table,  by  unpractised  operators, 
the  skins  were  at  first  occasionally  scored,  showing  in  a  disadvantageous  manner 
the  curved  lines  upon  its  surface.    These  defects  were  soon  remedied  by  atten- 
tion to  the  points  mentioned,  and  the  work  afterwards  executed  was  upon  the 
vhole  of  a  superior  description ;  for  it  will  be  readily  conceived,  that  with  so  great 
andius  as  4  feet  (the  wheel  being  8  feet  in  diameter),  the  curvilinear  form  of  the 
Ihies  so  close  together,  and  crossing  each  other,  so  as  to  form  minute  lozenge- 
ihaped  projections,  would  appear  to  be  straight ;  and  that  if  a  scratch  be  made 
*cn)s8  a  skin,  it  would  equally  mar  its  beauty,  whether  it  were  in  a  straight  or 
t  oirved  line.     However,  a  gentleman  of  great  talent  (Mr.  Joseph  Ellis)  subse- 
^otly  conceived  the  idea  of  a  finishing  machine  that  would  groove  the  skin  in 
i^ght  lines ;  and  it  was  constructed  with  great  accuracy  and  beauty  of  work- 
ouuuhip  by  Mr.  Alexander  Galloway,  who  joined  Mr.  Ellis  in  a  patent  for  it. 
I^bether  this  machine  was  ever  brought  to  work  to  advantage  the  writer  is  not 
'ofbnned,  or  has  no  recollection,  but  it  appears  to  him  to  be  of  a  character 
deserving  of  notice  in  this  place. 

tiiii  9  Machine. — Instead  of  a  great  wheel  revolving  horizontally,  like  Hebcrt's, 
^  employed  a  little  wheel  (about  30  inches  diameter),  which  revolved  vertically 
like  a  grindstone;  on  the  outside  edge  of  which  were  fixed,  in  suitable  carriages, 
^  glazers  and  grainers,  provided  with  proper  adjustments.  The  table  on  which 
^e  ikins  were  laid  was  a  hollow  segment  of  a  circle,  of  the  same  radius  as  that 
described  by  the  rubbing  surfaces  of  the  glazers  and  grainers ;  thus  the  skins 
*fre  impressed  with  right  lines  by  a  curvilinear  motion,  owing  to  their  lying  in  a 
hollow  curve.  The  specification  of  this  invention,  very  ably  and  fully  described, 
» given  in  the  thirteenth  volume  of  the  Rejjcrtorg  of  ArtSy  Second  Series,  to 


70  LEATHER. 

which  the  reader  is  referred  for  the  details;  an  inspection  of  the  drawings 
in  which  inclines  us  to  think  the  machine  may  have  failed  from  two  causes ; 
I^rstf  the  finisher  incurs  great  risks  from  blows  by  the  revolving  tools  as  they 
successively  descend  into  the  hollow  curve  wherein  the  skin  is  operated  upon. 
He  has  to  look  down  this  curve  to  see  his  work ;  and  as  the  view  is  a  ver}' 
unfavourable  one  for  examination,  he  might  inadvertently  put  his  head  too  near 
and  get  a  fatal  blow.  If  a  guard  were  put  up  to  prevent  such  an  accident,  it 
would  be  in  the  way,  and  obstruct  light  in  a  situation  where  more  is  wanted. 
Secondf  The  necessity  of  extraordinarily  accurate  workmanship  to  make  a  per- 
fect adjustment  of  the  concave  surface  of  the  table,  with  the  curve  described  by 
the  revolving  tools.  A  third  objection  will  probably  lie  against  the  directum  in 
which  the  table  is  brought  into  or  goes  out  of  action  ;  it  is  made  to  slide  in  a 
horizontal  and  tangential  line  with  the  lower  side  of  the  circle  described  by  the 
tools,  consequently  the  lower  extremity  of  the  table  comes  into  action  first,  which 
must  subject  this  important  part  of  the  machine  to  shocks  very  unfavourable 
to  the  preservation  oi^  a  perfectly  true  bearing.  We  submit  that  it  would  be 
better  to  make  the  table  move  in  a  radial  line  to  the  centre  of  the  wheel,  or  at 
the  least,  in  a  tangent  to  a  very  small  inner  circle. 

SpUtUng  of  Hides  and  Skins. — We  have  already  noticed  that  after  a  sheep 
skin,  or  other  raw  hide,  has  been  cleansed  and  purified  from  all  extraneous 
matters,  it  undergoes  a  scraping  and  paring  of  its  inner  surface  to  give  it  a 
thinner  or  more  uniform  substance ;  by  these  processes  the  subsequent  dyeing 
and  tanning  ore  greatly  facilitated,  lliis  reduction  of  the  substance  was  once 
entirely,  and  is  still  partially,  executed  by  means  of  a  knife  in  the  hands  of 
workmen,  some  of  whom  are  so  dexterous  as  to  be  able  at  every  stroke  of  the 
knife  to  take  off  a  shaving  the  whole  breadth  of  the  beam.  The  utmost  exer- 
tion of  ordinary  skill  was,  however,  insufficient  to  prevent  the  frequent  recur- 
rence of  unlucky  cuts,  by  which  the  value  of  the  skin  was  considerably 
lessened,  and  the  pieces  sliced  or  scraped  off  were  only  applicable  to  the 
making  of  glue.  But  by  the  introduction  of  machinery  to  effect  this  operation, 
the  skin  is  now  divided  throughout  its  entire  substance  into  two  parts  of  equal 
extent,  one  of  which  is  subsequently  converted  into  leather,  and  the  other  into 
parchment ;  at  the  same  time  the  upper  or  hair  side  of  the  skin  is  thereby 
made  smoother  and  of  a  more  uniform  thickness,  which  enhances  its  value. 
During  the  last  forty  years  a  variety  of  highly  ingenious  machines  have  been 
constructed  for  this  curious  and  apparently  difficult  operation.  It  is  now  about 
twenty-seven  years  ago  that  we  saw  a  beautiful  machine  for  this  purpose  at 
work  in  the  extensive  manufactory  of  the  Messrs.  Bevington,  near  Bermondsey, 
the  peculiar  or  essential  features  of  which  we  shall  be  able  to  afford  the  reader 
an  idea  of  in  a  few  words. 

Bevingt<m*s  Splitting  Machine. — In  a  stout  A  framing  were  mounted  two 
horizontal  rollers  or  cylinders,  which  were  made  to  revolve  in  opposite  direc- 
tions by  means  of  pinions  at  one  of  their  extremities  gearing  into  each  other. 
The  lower  roller  was  solid  and  turned  concentrically  upon  its  axis ;  over  this 
roller  the  skin  in  its  wet  state  was  spread  out  across  its  breadth,  with  its  even 
side  next  to  the  roller,  the  uneven  or  flesh  side  being  uppermost  To  give  an 
uniform  pressure  to  the  uneven  side  of  the  skin,  a  species  of  flexibility  was  con- 
ferred to  the  upper  roller  by  compounding  it  of  a  series  of  circular  metallic 
plates,  like  a  roll  of  penny  pieces,  but  which  were  about  half  an  inch  in  thick- 
ness, and  three  inches  in  diameter ;  each  plate  had  two  holes^  one  in  the  centre, 
through  which  passed  a  fixed  axis,  smaller  than  the  hole,  in  order  that  the 

Elates  might  have  a  certain  degree  of  play  or  eccentricity  of  motion ;  the  other 
ole  was  about  midway  between  the  centre  and  the  circumference,  through 
which  a  rod  passed  freely,  the  extremities  of  which  were  so  fixed  to  flanges  at 
the  extremity  of  the  roller  as  to  perform  a  planetary  motion  round  the  commoii 
centre  of  the  plates ;  and  as  the  rod  passed  through  all  the  circular  plates,  they 
were  all  carried  round  with  it,  while  the  centre  of  motion  of  each  individual 
plate,  owing  to  the  play  given  to  them,  were  constantly  being  changed  in  pro- 

{>ortion  to  the  thickness  of  that  part  of  the  skin  pressed  against  it,  by  the  revo- 
ution  of  the  lower  inflexible  roller.  As  the  skin  emerged  from  the  bite  between 
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the  rollers,  it  came  in  contact  with  the  straight  edge  of  a  very  sharp  knife,  to 
which  a  constant  sawing-like  motion  was  communicated  by  the  revolution  of  a 
crank.  The  circular  plates,  which  were  turned  with  great  truth,  were  not 
pressed  fast  laterally,  but  kept  slack  and  well  oiled,  their  sides  sliding  freely 
against  one  another,  so  that  each  individual  plate  pressed  simply  by  its  own 
gravity,  in  order  that  however  varied  the  thickness  of  the  skin,  the  pressure 
should  be  uniform  over  the  whole  surface. 

By  this  arrrangement  it  will  be  observed,  that  the  upper  portion  of  the  skin 
is  the  uneven  one,  and  that  the  lower  portion  is  the  perfect  skin,  smooth,  and 
uniform  in  all  its  parts.  As  a  curiosity,  and  to  show  the  capability  of  the  machine, 
sheep-tkiiis  were  sometimes  split  into  three  parts  of  equal  area ;  the  outside  one 
being  applicable  to  the  preparation  of  several  kinds  of  leather,  the  middle  to 
the  making  of  parchment,  while  that  on  the  flesh  side,  from  its  inequality  of 
thickneM,  and  want  of  firmness,  was  only  applicable  to  the  making  of  glue. 

StciV*  SpUttmg  Machine. — About  the  same  period  of  time  that  we  saw  the 

machine  at  Messrs.  Bevington's  (which,  we  should  have  added,  was  said  to  be 

tbe  invention  of  Lieut.  Parr),  another  machine  was  brought  under  the  notice  of 

the  Society  of  Arts,  who  rewarded  the  inventor,  Benjamin  Stott,  of  Bermondsey 

Street,  with  the  sum  of  twenty  guineas  for  the  communication  of  the  same.    It 

is  described  with  engravings  in  the  twenty-fourth   volume  of  the  Society's 

Trasuaedoni,  of  which  we  subjoin  the  following  brief  account: — The  skin  is 

wrapped  round  a  cast-iron  barrel,  having  wooden  ends,  over  which  the  sides  of 

the  skin  are  overlapped  and  made  fast  by  pins  stuck  through  them  into  the  wood. 

There  is  also  a  longitudinal  groove  in  the  barrel  for  the  insertion  of  a  locking 

bar  with  points  that  holds  down  the  ends  of  the  skin  underneath  them.     The 

barrel,  with  the  skin  so  stretched  upon  it,  is^made  to  revolve  by  the  agency  of  an 

attached  cord  passing  over  a  pulley,  and  having  a  weight  appended  to  the  other 

end.    The  aus  of  the  barrel  rests  upon  two  anti-friction  rollers,  which  turn  in 

a  flip  of  brass  fixed  to  the  wooden  nrame  of  the  machine  ,*  and  the  weight  is 

only  just  sufficient  to  overcome  the  friction  of  these  parts,  and  to  bring  up  the 

ikm  against  the  edge  of  the  knife  as  it  cuts  by  the  traversing  motion  of  a  n^ame 

to  which  it  is  screwed. 

Kevere'a  SplitUng  Machine. — By  a  reference  to  the  eighteenth  volume  of  the 
Ripertory  afArU^  Second  Series,  we  find  the  specification  of  an  English  patent 
granted  to  Mr.  Joseph  Warren  Revere,  an  American,  "  for  a  new  and  improved 
method  of  splitting  hides  and  shaving  leather,"  dated   1810,  in  which  the 
patentee  declares  his  method  to  "  consist  in  the  use  of  a  fixed  or  ttationary 
nife,  and  in  so  placing  and  confining  it  as  to  meet  the  hide  or  leather  before  it 
escapes  from  the  action  of  the  forcing  cylinders ;  and  also  in  the  construction  of, 
and  the  manner  in  which,  a  powerful  action  is  obtained  from  the  forcing  cylin- 
dera,  whereby  the  hide  or  leather,  as  it  passes  through,  has  not  room  to  deviate, 
but  must  necessarily  be  forced  and  proceed  right  onward  to  the  knife,  and 
undergo  the  splitting  and  shaving  intended.    By  this  machine  the  hides  or, 
leather  are  split  or  divided  into  any  thickness  required,  and  with  great  expe- 
dition ;  and  when  divided  or  split,  are  left  with  smooth  surfaces,  and  free  from 
•ny  marks  of  the  knife."    Thus  far  saith  the  record  of  the  patentee ;   but 
whether  the  motion  of  the  knife  can  be  dispensed  with,  and  vet  produce  good 
vork,  is  a  pcnnt  that  may  still  be  questioned.     We  can  conceive  tlie  possibility 
of  its  answering  to  split  a  skin,  were  it  of  uniform  thickness ;  but  it  is  other- 
viie,  and  the  patentee  has  made  no  provision  in  his  machine  to  accommodate 
^  circumstance.    He  has  a  feeding  roller  set  all  over  with  points,  which  con- 
ducts the  skin  between  a  pair  of  inflexible  rollers,  "  grooved  or  fluted  longitu- 
dinally upon  the  surface  of  both  of  them ;"  and  it  is  these  that  are  said  to  force  the 
^  BO  tnat  it  cannot  deviate  from  passing  on  each  side  of  the  edge  of  the  knife. 
But  it  seems  to  us  evident  that  a  sheep  skin,  varying  as  it  does  in  its  thickness, 
luuit  be  absolutely  crushed  in  its  thicK  parts  before  the  thin  parts  can  be  corn- 
Pressed  firm  enough  to  be  cut  by  a  mere  push,  especially  at  that  distance  that  a 
wife  edge  can  approach  ti  fluted  roller;  and  as  \\\e  pressure  must  be  uneaual  where 
^  lurfaces  of  the  skin  are  not  parallel  and  the  rollers  are,  it  seems  to  rollow  ihat 
the  akin  would  be  cut  into  ridges  in  the  direction  of  the  motion  of  the  skin. 
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We  ihsU  finish  o 
of  a  novel  and  recently  patented  invention  for  the  purpose,  which  h.  .   _ . .  . 
fumiahed  to  lu  by  that  eminent  draftsman,  Mr.  C.  ttavy,  of  Fumival's  Inn, 
London. 

Duxbury't  Patent  Skin  Splitting  Machine. — Mr.  Davy  itatta  that  it  has  been 
found  that  the  parallel  aides  of  a  cylinder  are  not  adapted  for  the  smooth  exten- 
aion  of  a.  akin  upon  them ;  and  that  the  consequence  of  compressing  it  betveen 
auch  surfaces  is  to  form  little  wrinkles,  which  the  straight  knife  cuta  through 


hrough, 

and  thereby  produces  holes.    To  ohviate  this  defect,  and  alao  that  of  the  ridge* 
luccd  by  the  reeinrocuting  action  of  the  knife,  a 
1  projected,  in  which  the  cutters  partook  of  a  rotatory  motion;    but  the 


e  knife,  a  variety  of  n 


produced  by  the  reeiorocuting  ectioi 

been  projected,  in  which 

mechanical  diflioullies  atlendiiig  the  application  of  the  principle  have  led  b 

their  abandonment.     Mr  Duxburv  has,   however,  by  a  novel  position  of  the 

cutters,  and  a  peculiar  form  of  the  bed  over  which  the  skin  it  laid,  overcome 

all  those  difficulties,  and  the  aklns  are  cut  by  one  coiilinuous  smooth  slice  over 

the  whole  surface,  The  machine,  as  shown  in  the  subjoined  engravings,  Figi.  1 


and  2,  essentially  consist  of  a  great  vertical  wlipel  A,  17  feet  in  diameter,  com- 

Cosed  of  wood,  slrenglhened  by  iron  amis  ;  ihc  axle  of  which  turns  in  plummer 
iocka,  upon  a  strong  framing  1 1.  On  the  periphery  of  this  wheel  are  fixed 
twenty-five  thin  plates  of  sleel,  ground  lo  a  fine  edge,  and  so  closely  fitted  as 
to  form  a  complete  circular  knife,  projecting  a  short  distance  horiumtailu  from 
the  side  of  the  wheel.  The  skin  to  be  split  passes  over  the  drum  E,  which 
instead  of  being  straight  sided  InugitudiiiBlly,  has  o  curved  conravily  of  the 
"•■= '■-   - c  described  by  the   revolving  knives,   or  continued 


t  radius  as  (he  c 


dttulw  knife  before  mentiouMl ;  liii 

jiam   H   made  of  wood  extenially, 

ftted  upon  an  iron  frame,  and  turned 

to  tlw  tme  cuTTe.    A  *lit  u  cut  lon- 

fiOdinallf   on   the    luiface    of  tbe 

dram,  wheteio  the  cdg«t  i^  the  ikin 

an  wcuied;   and  tbe  ikin  U  kept 

&tendad  during  the  operation  b; 

meaiti  of  a  CMt-iron  frame  F,  called 

b*  die    patentee  the  goeenur,  and 

■bown  ID  the  fbUowii^  figure  (3),  on 

a  Ivger   ecale.     Tbe   endi  dide  in 

midei  in  tbe  npight  poiti  of  tbe 

framing,  to  irbicli  it  ma;  be  adjuited 

nd  fixed ;  and  it  ii  prorided  at  K 

«ith  a  lever  and  chain  for  railing  or 

Wiring  it  horn  ila  [Mwtion,  ai  ma^ 

k  tequired.     The  ikin  m  it  ii  iplit 

p*Me*  through  the  opening  H,  and 

thmec  on  to  the  roller  O,  wnereon  tt 

u  voond.     Motion  n  given  to  the 

nichine   by  a  band  paeni^  round 

Ibc  pollej  B,  which  actnatet  the  pul- 

bj  C  cm  the  mna  ask;  and  this,  by 

mtuu  of  an  endlew  band,  tume  the 

fdley  D ;  on  tlie  axi«  of  the  latter 

■  uk  eodlcn  Mrsw  M,  which  tnrni 

IIk  wheel   L  on   the  axi*    of    the 

dnun;  thui  motion  ii  commnnicated 

Id  tbe  whtJe.      In   iplitting   imill 

ikhu,  Mvenl  ^unu,  tueh  at  tliot 

lambtd,   are   arranged    under  the 

Wtr  ude  of  the  great  cutting  wheel 


nie  patentee  alw  employ*  oecaiionallj 


'"gmemi*"  of  a  diSerent  kind,  to  comppniate  any  irregularity  that 
uim  may  be  in  the  nirfaee  of  the  drum ;  it  conMiti,  ai  ahown  in  the  annexed 
Vn  (4),  of  a  eerie*  of  piecee  of  metal  hanging  lootely  on  a  bar,  *a  that  they 
a»j,  limply  by  their  gravity,  prtia  with  a  uniform  force  upon  an  iiregula^ 


^■n^H^  LtatMtr. — Iliii   operation,   which  uiunlly  form*   quite   a  dietinct 

'vUH,  conuila  iu  a  peculiar  mode  of  dreuingor  preparing  leather  for  boott, 

'"'o,  htraeai,  and  a  variety  of  other  thing*.     The  dressing  of  a  calf  skin  for 

"ner-leatben  of  ihoes,  will  give  a  general  idea  of  tbe  process.    The  ofial 
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parts,  such  as  the  head,  tail,  and  shanks,  being  first  taken  off,  (which  is  called 
rounding  the  skin,)  it  is  soaked  in  a  tub  of  water  preparatory  to  shaving,  which 
is  performed  upon  a  beam.  The  beam  is  a  post  jfixed  in  an  inclined  position, 
and  faced  with  lignum-vitse,  about  8  inches  broad.  The  knife  is  a  stout  rect- 
angular blade,  about  12  inches  long  and  5  inches  wide,  with  two  edges;  one 
end  has  a  straight  handle,  and  the  other  a  cross  handle  in  the  direction  of  the 
plane  of  the  blade.  A  coarse  and  a  fine  grit  whet-stone  are  used  to  bring  up 
the  edge  of  the  knife,  which  is  afterwards  turned  to  a  "  wire  edge"  by  means  of 
a  steel  instrument,  which  the  workman  constantly  holds  between  his  fingers. 
The  mode  of  using  the  knife  has  already  been  noticed.  In  order  to  keep  the 
substance  of  the  skin  equal,  the  man  ifrequently  examines  it  in  the  course  of 
shaving  in  every  part,  by  passing  it  double  between  his  fingers ;  and  when  su^ 
ficientlv  reduced,  he  throws  it  a  second  time  into  a  tub  of  cold  water  to  be 
scoured  and  extended ;  for  this  purpose  it  is  laid  upon  a  stone  table,  to  which 
the  flesh  side  adheres,  and  is  there  worked  with  the  edge  of  a  small  square 
stone  fixed  in  a  handle  :  pumice  stone  is  sometimes  used.  With  a  brush  the 
skin  is  cleansed  from  a  substance  called  the  bloom,  which  all  leather,  tanned 
with  bark,  is  found  to  contain.  After  being  thoroughly  cleansed  and  distended 
while  in  its  wet  state,  it  is  stuffed  with  a  mixture  of  two  parts  cod  oil,  and  one 
part  tallow,  called  dubbing,  which  is  applied  to  both  sides  of  the  skin,  but 
chiefly  on  ^e  flesh  side,  ft  is  then  hung  up  to  dry,  by  which  the  moisture 
evaporates ;  and  the  oil,  which  cannot  be  dissipated  by  mere  exposure,  gra- 
dually takes  the  place  of  the  moisture,  and  sinks  deeply  into  the  pores  of  the 
skin.  The]  leather  is  next  boarded  or  bruised,  by  a  grooved  piece  of  wood 
(like  a  crimping  board)  thst  is  fastened  to  the  hand  by  a  strap ;  with  this  the 
skin  is  doubled  and  worked  until  made  veiy  flexible ;  it  is  next  "  whitened," 
that  is,  lightly  shaved  over  again,  by  which  the  flesh  side  is  well  cleaned,  and  it  is 
brought  into  a  proper  state  to  receive  the  colour  used  in  waxins.  Before  it  is 
waxed,  however,  it  is  boarded  a  second  time,  when  it  is  in  that  state  called 
finished  russet,  in  which  state  it  can  be  best  preserved ;  therefore,  until  it  is 
wanted  for  sale,  the  subsequent  operations  called  waxing  are  led  undone.  The 
**  colour/'  or  blacking,  is  a  composition  of  oil,  lamp  black,  and  tallow,  which  is 
well  rubbed  into  the  flesh  side  with  a  hard  brusn,  great  care  being  taken  to 
keep  the  flesh  side  clean.  A  coat  of  strong  size  and  tallow  is  then  laid  on 
with  a  soft  brush ;  it  is  afterwards  rubbed  wiu  a  smoothing  glass ;  and  lastly, 
it  receives  the  fiiiishing  gloss  from  a  little  thin  size  laid  on  with  a  sponge. 
After  the  first  coat  of  size  the  skin  is  laid  up  to  dry  and  .incorporate,  and  a 
lump  of  hard  tallow  is  rubbed  lightly  over  the  surface ;  the  skin  is  thus  com- 
pletely finished  for  the  consumer ;  and  leather  so  dressed  is  found  superior  in 
point  of  appearance  and  durability  to  any  other  method.  The  cumers  also 
blacken  leather  on  the  grain  side,  which  is  done  by  rubbing  it  with  a  solution 
of  copperas,  which,  combining  with  the  gallic  acid  of  the  tan,  produces  a 
black. 

Russia  Leather  is  prepared  in  Russia  by  a  series  of  processes  not  essentially 
differing  from  our  own.  The  tanning  material  is,  however,  seldom  oak  barl^ 
the  bark  of  the  black  willow  being  preferred ;  and  where  this  cannot  be  obtained, 
birch  bark  is  the  next  in  request.  Their  dyed  leather  is  usually  red  or  black. 
For  the  red,  the  hide  is  first  soaked  in  alum  water,  and  then  dyed  with  Brazil- 
wood. The  black  is  given,  as  usual,  with  an  iron  liquor.  The  leather  is  then 
smeared  with  birch  tar,  which  gives  the  peculiar  smell  so  much  prized  (and 
which,  when  used  for  book-binding,  has  the  valuable  property  of  protecting  the 
book  firom  worms),  and  is  finished  by  various  other  manipulations.  The  streaked 
or  barred  surface  is  given  to  the  leather  by  a  very  heavy  steel  cylinder,  wound 
round  with  wire,  which  makes  the  indentations. 

Sqffian  or  Dyed  Maroquin  Leathery  of  excellent  quality,  is  extensively  pre- 
pared at  Astracan  and  other  parts  of  Asiatic  Russia.  Only  bucks*  and  goats' 
skins  are  used  for  this  purpose,  and  the  favourite  colours  are  red  and  yellow. 
The  general  method  of  preparing  the  pelt  is  the  same  as  in  this  country  for  the 
dyed  Morocco  leather ;  that  is,  oy  lime,  dog*8  dung,  and  bran.  Honey  is  also 
used  after  the  branning.    Tlic  honey  is  dissolved  in  warm  water ;  and  some  of 
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tliis  liquor  is  poured  out  ou  each  skin,  spread  out  on  wooden  trays  till  it  has 
imbibed  tlie  whole  of  the  honey ;  after  which  it  is  suffered  to  ferment  about 
three  days,  then  salted  in  a  strong  brine  and  hung  up  to  dry.  The  skin  is  then 
ready  to  receive  the  dye,  which,  for  red,  is  made  with 'cochineal,  and  the  Salsola 
ericoides,  an  alkaline  plant,  crowing  plentifully  in  the  Tartarian  salt  deserts ; 
and  the  colour  is  finished  with  alum.  When  dyed  the  skins  are  tanned  with 
inmach.  To  the  very  finest  reds  a  quantity  of  sorrel  is  used  with  the  cochineal 
bath ;  and  the  subsequent  tanning  is  given  with  galls  instead  of  sumach,  which 
renders  the  colour  as  durable  as  the  leather  itself  The  roughness  always 
obserred  on  the  surface  of  the  skins,  is  given  by  a  heavy  kind  of  iron  rake  with 
Umit  points.  The  yellow  saffians  are  dyed  with  the  berries  of  a  species  of 
fAanjvttf  (the  Avignon  berry  answers  the  same  purpose),  or  with  the  flowers  of 
the  wild  chaxnonme. 

Seal  Mcroeco  Leather ^  as  prepared  from  goat  skins  at  Fez  and  Tetuan,  is 
thiif  described  by  M.  Bruffonet  in  the  BuQetin  de$  Sctencet.  The  skins  are  first 
deansed,  the  hair  taken  off,  limed,  and  reduced  with  bran,  nearly  in  the  same 
way  already  described  for  the  English  Morocco  leather.  After  coming  from  the 
farui  they  are  throvm  into  a  second  bath,  made  of  white  figs  mixed  with  water, 
which  is  thereby  rendered  slimy  and  fermentable.  In  this  bath  the  skins  remain 
four  or  &ye  days,  when  they  are  thoroughly  salted  with  rock  salt  alone  (and  not 
with  salt  and  alum),  after  which  they  are  fit  to  receive  the  dye,  which,  for  the 
red,  is  cochineal  and  alum ;  and  for  the  vellow,  pomeeranate  bark  and  alum. 
The  skins  are  then  tanned,  dressed,  supplied  with  a  little  oH,  and  dried. 

Skojpven. — ^This  singular  and  valuable  leather  is  a  manufacture  almost 
peculiar  to  Astracan,  where  it  is  prepared  bv  the  Tartars  and  Armenians.  For 
nuking  shagreen,  only  horses'  or  asses'  hiaes  are  taken,  and  it  is  only  a  small 
part  mm  the  crupper,  along  the  back,  that  can  be  used  for  this  purpose.  This 
B  cut  off  immediately  above  the  tafl,  in  a  semicircular  form,  about  34  inches 
spoQ  the  crupper,  and  28  along  the  back.  These  pieces  are  first  soaked  in 
viter,  till  the  hair  is  loose,  and  can  be  scraped  off;  and  the  skin,  again  soaked, 
is  scraped  or  shaved  so  thin,  as  not  to  exceed  a  wetted  hog's  bladder  in  thick- 
ma,  and  till  all  the  extraneous  matter  is  got  off,  and  only  a  clean  membranous 
pdt  remains.  The  piece  is  then  stretched  tight  on  a  nrame,  and  kept  occa- 
wmally  wetted,  that  no  part  may  shrink  unequally.  The  frames  are  then 
hid  upon  a  floor,  with  the  flesh  sides  of  the  skins  undermost,  and  the  grain  sides 
are  strewed  over  with  the  smooth,  black,  hard  seeds  of  the  alabuta,  or  goose-foot, 
(Chinopodiiun  album,)  and  a  felt  is  then  laid  upon  them,  and  the  seeds  trodden 
io  deeply  into  the  soft  moist  skin ;  the  use  of  this  is,  to  give  the  peculiar 
ntottled  or  roughed  surface,  for  which  shagreen  is  distinguished.  The  frames, 
vidi  the  seeds  still  sticking  to  the  skins,  are  then  dried  slowly  in  t)ie  shade,  till 
Ac  seeds  will  shake  off  without  any  violence,  and  the  skin  is  left  a  hard,  horny 
Kibstance,  with  the  grain  side  deeply  indented.  It  is  then  laid  on  a  solid  block, 
covered  with  wool,  and  strongly  ra^>ed  with  two  or  three  iron  instruments  (the 
pttticolar  forms  of  which  it  is  unnecessary  to  describe),  till  the  whole  of  the 
patk  side  is  shaved,  so  that^  the  impression  of  the  seed  is  very  slight  and  uni- 
fonn.  The  skins  are  then  softened,  first  with  water  and  then  with  a  warm 
aftifine  lye,  and  are  heaped  warm  and  wet  upon  each  other,  by  which  means 
^  parts  indented  by  the  impression  regain  much  of  ftheir  elasticity ;  and 
hmg  lost  none  of  their  substance  by  paring,  rise  op  fully  to  the  level  of  the 
■bred  places,  and  thus  form  the  prominent  grains,  or  the  granular  texture 
fecoHar  to  shagreen :  the  skin  is  Uien  salted  and  dyed.  The  beautiful  green 
vft  is  given  by  soaking  the  inner  or  flesh  side  of  the  skin  with  a  saturated 
Kibtion  of  lal  ammoniac,  strewing  it  over  with  copper  filingji,  rolling  it  up  with 
^  flesh  aide  inwards,  and  pressing  each  skin  with  a  considerable  weight,  for 
^^oai  24  hoon,  in  which  time  the  sal-ammoniac  dissolves  enough  of  the  cc^per 
to  penetrate  the  ikin  with  an  agreeable  sea-men  colour :  this  is  repeated  a 
iMQad  time^  to  jg;ive  the  colour  more  body.  Blue  shagreen  is  dyed  with  indigo, 
^■solved  in  an  nnpure  soda,  by  means  of  lime  and  honey.  Black  shagreen  is 
dyed  with  mils  and  witrioL  The  skins  are  finished  with  oil  or  suet 
Omifi  Patent  SyUHMefar  liwiMer— 1824.— This  invention  consiaU  in  the 
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application  of  an  elastic  coating  and  varnish  to  substances  of  a  pliable  nature, 
such  as  all  kinds  of  cloth,  whether  cotton,  linen,  woollen,  or  felt.  When  the 
material  is  required  to  have  flexibility,  the  composition  is  to  be  made  of  the  fol- 
lowing ingredients : — 

Common  glue  size 8  parts. 

Boiled  linseed  oil 4    „ 

Lampblack 1     „ 

White  lead,  ground  fine  .     .     .  2    „ 

Pipe  clay,  ditto 2    „ 

These  are  to  be  melted  and  well  blended  together  over  a  fire.  At  first  the 
size  is  to  be  melted*  then  the  oil  is  to  be  added  in  smaU  quantities  at  a  time, 
next  the  lamp  black,  white  lead,  and  pipe  clay,  durine  which  it  should  be  con- 
stantly stirred ;  the  composition  is  then  complete.  'Ae  cloth  being  previously 
strained  upon  frames,  the  composition  is  spread  on  it  evenly  and  smoothly  with 
a  pallet  knife,  working  it  well  therewith  into  the  interstices  of  the  cloth,  so  that 
it  shall  be  thoroughly  saturated  with  the  composition.  The  first  coat  is  then 
to  be  dried,  either  in  the  air,  or  in  a  warm  room,  by  hanging  up  the  frames,  care 
being  taken  that  they  be  not  exposed  to  much  heat.  When  thoroughly  dried  and 
hard,  a  second  coat  may  be  laid  on  and  dried  in  a  similar  way ;  also  a  third,  a 
fourth,  or  a  fifth,  if  required  of  great  substance,  which  shoula  all  be  spread  on 
as  smoothly,  and  eveiy  successive  coat  be  hard  before  the  next  is  laid  on. 
This  material,  the  patentee  states,  is  chiefly  intended  for  the  manufacture  of 
patten  ties,  and  therefore  he  cuts  it  into  strips  previously  to  varnishing  it,  and 

S asses  them  between  polished  metal  rollers  to  give  them  a  smooth  even  surface, 
ome  diyin^  linseed  oil,  or  other  suitable  varnish  b  then  brushed  over  the 
strips;  mixme  with  the  vanish  any  required  colour  to  give  the  article  the 
desired  tint  The  next  operation  is  the  cutting  up  the  material  into  the  usual 
sizes  for  patten  ties,  and  finishing  the  same  as  usual  under  a  screw-prett 
with  dies. 

For  coach  tops,  and  other  purposes  where  flexibility  is  not  necessary,  the 

auantities  of  the  pipe  clay,  white  lead,  and  size,  may  be  increased,  according  to 
le  nature  and  use  of  the  article  to  be  manufactured  of  it  For  smoothenmg- 
down  and  polishing  such  large  pieces  of  the  cloth  as  will  not  pass  through  the 
roller  press,  the  common  method  of  rubbing  with  pumice  stone,  tripoli,  &c  ia 
adopted  previous  to  varnishing. 

A<mcock*s  Patent  Substitute  for  Leather. — Instead  of  using  cloth,  as  in 
Mr.  Gunby's  patent  just  described,  Mr.  Hancock  merely  hackles  or  cards  the 
fibres  of  mix,  cotton,  &c.  by  which  they  are  drawn  out  into  layers  of  a  suitable 
thickness ;  they  are  then  felted  together  in  a  trough  of  water,  and  afterwards 
pressed  between  cylindrical  rollers.  Over  this  fabric,  liquid  caoutchouc  or 
Indian-rubber  is  to  be  spread  uniformly  by  means  of  a  spatula.  When  the 
caoutchouc  has  sufficiently  solidified,  it  is  to  be  again  pressed,  then  receive 
another  coat  of  the  resin,  and  again  pressed. 

LEMONS,  Salt  of,  is  the  native  salt  of  sorrel,  the  super-oxalate  of  potash, 
and  is  chiefly  used  to  take  the  ink-spots  out  of  linen.  The  effect  is  produced 
by  the  oxalic  acid  dissolving  with  facility  the  oxide  of  iron  in  the  ink,  on  the 
combinations  of  which  with  the  gallic  acid  the  colour  depends.  It  can  be  used 
without  any  risk  of  injuring  the  texture  of  the  cloth. 

LENS,  in  Optics,  a  piece  of  glass,  or  other  transparent  substance,  having  its 


parallel,  after  converging  or  aiverging.  Some  lenses  are  convex,  that  is,  thicker 
in  the  middle  than  towards  their  circumferences ;  those  that  swell  on  both  sides 
are  called  double  convex  lenses ;  some  are  concave,  or  thinner  in  the  middle ; 
some  are  plano-convex,  or  flat  on  one  side  and  swelling  on  the  other ;  some  are 
plano-concave,  or  flat  on  one  side  and  concave  on  the  other ;  and  lastly,  some 
are  concave  on  both  sides.    According  to  some  opticia'as,  the  greatest  oimmeter 


LENS. 


77 


of  a  lent  is  half  an  inch,  if  it  exceed  that  thickness  they  do  not  call  it  a  lens, 
bat  a  lenticular  glass.  Lenses  are  made  either  bv  blowing  or  grinding.  Blown 
lenses  are  small  globules  of  glass  melted  in  the  flame  of  a  lamp :  ground 
lenses  are  reduced  by  grinding  and  polishing.  A  variety  of  simple  apparatus 
is  employed  in  the  processes  of  grinding  and  polishing  lenses,  amongst  which 
the  folloipn^  was  recently  introduced  to  the  notice  of  the  members  of  the 
London  Mechanics'  Institutioni  by  Dr.Birkbeck,  in  one  of  his  interesting  lectures 
on  improved  mechanical  inventions,  a  shows  the  edge  of  a  circular  lap  or 
slab,  used  for  grinding  flat  elasses  upon ;  (  a  circular  tool  or  block,  upon  the 
aodcr  surface  of  which  the  passes  to  oe  ground  are  cemented  ;  c  is  a  recipro- 
cating bar;  J  a  box  containing  any  weighty  matter ;  e  a  long  morticed  aperture 


b  the  frame,  through  which  the  bar  c  freely  works ;  /a  crank ; 
S  a  winch ;  h  a  double  pulley  wheel,  the  axis  of  which  rests  in 
the  block  t;^*  a  single  pulley  wheel.      Now  on  turning  the 
crtok  by  the  winch  ^,  the  bar  c  gives  to  (  an  eccentric  motion ; 
the  attrition  of  b  on  the  surface  of  the  lap  a  beine  increased  or 
diminished  at  pleasure  by  increasing  or  diminishing  ihe  load 
in  the  box  d.    It  should  be  noticed,  that  the  cord  which  passes 
tnrnd  the  pulley  h  is  crossed  previous  to  its  embracing  the 
periphery  or  the  puUev  iy  consequently  a  motion  is  eiven  to  the 
Itp  a  the  reverse  of  that  ^ven  to  (,  which  is  consi^red  to  pro- 
moe  the  best  efiect  of  grinding.    The  apparatus  described  is 
devoted  to  the  producing  of  plane  surfaces  to  optical  glasses ; 
hot  the  apparatus  on  the  other  side  of  the  machine,  is  at  the 
tame  time,  by  similar  arrangements,  employed  in  grinding  con- 
cave or  convex  surfaces.    For  this  purpose  a  variety  of  laps 
and  other  tools,  similar  to  those  delineated  in  the  margin,  are  so 
made  as  to  fit  on  the  bed  I,  which  bed  is  adjustable  by  four 
c<lQidi8tant  screws.     The  pulley  o  is  driven  by  another  band 
ca  the  pulley  h,  and  the  requured  pressure  given  by  another 
Viided  box  p  ;  Uie  use  of  the  lower  tool  t  was  not  apparent  to 
V(wben  we  took  our  sketches),  but  we  conjecture  it  is  intended 
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to  fix  A  diamond  at  the  point,  for  cutting  the  glauei  out  of  a  tiua  circtilar  figure, 
by  hieing  icTewed  on  at  n.  The  leveral  tools  used  are  adapted  for  ready 
changing,  that  the  operaliDni  ma;  be  performed  with  celerity.  See  Ofticil 
Initruhemti. 

LEVEL.  An  inrtniment  employed  for  obtaining  aline  or  plane  parallel  to  the 
plane  of  the  horizon.     One  principal  use  of  the  level  it  to  find  the  difference  of 


roads,  4c.  froni  oneplaceto  another.    AmonBlhev: 

for  constructing  inBtnimcnla  for  finding  the  level,  the  folloiring  are  some  of  the 
principal.  The aaler  level,  the  horizontal  line  by  the  lurfaceof  the  fluid: — Hie 
most  simple  kind  t«  nothing  more  than  a  long  wooden  trough,  filled  with  water, 
such  as  is  described  by  Vitruvius,  under  the  name  of  the  cAomt(j/«.  Another  leTel 
of  tbia  kind  consists  of  two  cups,  fitted  to  the  ends  of  a  straight  cylindrical  tube, 
of  an  inch  in  diameter,  and  three  or  four  feet  long,  by  which  the  water  freely 
nicates  from  one  cup  to  the  other;  the  tube  is  movable  on  iti  stand  by 
)f  a  ball  and  socket,  and  thus  the  surfaces  of  the  water,  when  the  cup* 
are  equally  full,  show  the  line  of  level.  Two  glass  cylinders,  of  thtes  or  four 
inches  in  lengUi,  may  be  tubatituled  instead  of  th'  '   '       '   '       >     --' 

wax  or  niaatic  to  the  ends  of  the  tube  ;  this  ma 
coloured  water.     A   vei^   ample   quicksilver  level,   iurented  we  believe  b^ 
Mr.  Parker,  of  Sweeny,  t*  delmeotM  in  the  annexed  cut,  which  it  is  uid  ii 


much  used  in  the  north  of  Bngland  for  iirigation,  draining  Arc.  and  do«a  not 
cost  as  many  shillings  aa  the  usual  instrument  employed  costs  of  pounds,  a  a 
are  two  funnels  or  basins  cast  in  iron  from  the  same  mould,  their  lower  endi 
i  i  are  made  cylindrical,  and  iMred  so  at  to  be  of  exactly  equal  diametan ;  they 
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are  screwed  down  by  flanges  to  the  tube  /  which  is  flat  at  top,  and  through  which 
the  mercwr}'  flows,  c  c  are  two  floats  also  exactly  equal  to  each  other  in  length, 
weight,  and  lower  surface.  A  hole,  one-eighth  of  an  inch  in  diameter,  is  drilled 
on  one  side  of  the  funnels  for  introducing  the  quicksilver,  and  afterwards  closely 
stopped  wiUi  a  fine  cork ;  c^  is  a  mahc^^y  top  to  the  instrument,  to  which  the 
fimnelsy  &c.  are  screwed ;  e  e  are  collars  or  guides  for  the  floats,  made  of  lignum- 
▼ite,  and  to  prevent  the  escape  of  the  quicksilver ;  g  is  the  stand  and  pivot  on 
which  it  turns.  Between  all  the  junctures  leather  washers  are  introduced,  to 
keep  them  tight.     • 

111  using  this  instrument,  an  observation  is  made  on  the  topt  of  iheJloaU, 

which,  when  they  exactly  coincide  or  project  equally,  shows  the  mund  to  be  a 

true  horizontdlplane ;  on  the  contrary,  when  tbey  diflfer  in  heignt,  the  ground 

is  not  lerel.     Tnls  mode  of  tainng  an  ob$ervation  appears  to  us  defective,  as  the 

most  distant  of  two  surfinces,  when  upon  the  same  plane,  cannot  be  distinctly 

seen.     It  would  be  better  to  have  a  circular  hole  through  the  tops  of  the  floats, 

and  to  look  at  them  from  a  fixed  point  on  either  side :  when  the  two  circles 

eomcided,  they  would  appear  to  the  eye  as  only  one  of  a  true  figure,  and  denote 

a  tiue  level;  any  deviation  would  be  clearly  denoted  by  the  circles  intersectinff 

caeh  other,  and  producing  a  curved  figure,  with  two  pointed  ends,  which  would 

express  exactly  the  extent  of  the  alteration  requu^d.    The  simplicity  and 

strength  of  the  instrument  permit  of  its  being  thrown  down,  and  rolled  about 

without  sustaining  injury,  and  any  rough  unlettered  num  may  use  it  with 

effect     It  may  be  had,  we  are  informed,  of  Mr.  Batt,  Seedsman,  412,  Strand, 

London. 

In  the  air  level,  invented  by  M.  Thevenot,  the  level  is  determined  by  means 
of  in  air-bubble,  inclosed  with  some  fluid  in  a  glass  tube,  hermetically  sealed  at 
both  its  ends ;  the  case  or  ruler  in  which  the  tube  is  fixed  will  oe  exactly 
lerel  when  the  bubble  remains  at  a  marked  point  at  the  middle  of  the  tube ; 
the  bubble  being  on  either  side  of  thb  mark  shows  the  variation.  The  glass 
tube  is  sometimes  enclosed  in  another  of  brass,  the  centre  of  which  has  a  hole 
iofficiently  large  to  observe  the  place  of  the  bubble.  The  liquor  employed 
ibould  be  such  as  will  not  readily  freeze,  rarefy,  or  condense,  such  as  oil  of 
tartar,  aqua  secunda,  &c.  The  instrument  last  described  has  received  many 
successive  improvements,  by  the  addition  of  sights  and  other  apparatus. 
M.  Huygens  contrived  a  level,  carrying  a  telescope  instead  of  plain  sights, 
vhich  possesses  some  advantages  above  the  common  sort ;  and  his  invention 
bas  been  improved  upon  in  a  variety  of  ways  by  the  instrument  makers.  A 
machine  of  tnis  kind,  containing  the  principles  both  of  the  barometer  and  ther- 
QMmeter,  was  proposed  by  the  late  Dr.  Desaguliers ;  but  though  in  theory  it 
teemed  good,  yet  in  practice  it  was  found  very  inaccurate.  (Philoiophical  Trans- 
Qdioruy  VoL  AXXIII.  p.  65.)  Amongst  the  various  tpirit  levels  that  have  been 
proposed,  that  contrived  by  Mr.  Hadley  deserves  to  be  noticed ;  it  is  adapted 
to  a  quadrant  for  taking  the  meridian  altitude  at  sea  when  the  horizon  is  not 
visible.  A  description  and  drawing  of  this  useful  instrument  may  be  seen  in 
Philoiophkal  Transactkmt,  Vol.  XXXVIII.  The  reflecting  level  is  the  next  to 
be  mentioned :  it  represents  the  object  as  reflected  upon  a  long  surface  of  water, 
in  an  inverted  position,  and  was  invented  by  Mamotti.  Another  kind,  which 
we  owe  to  Cassmi,  consists  of  a  polished  metal  mirror,  placed  at  a  small  dis- 
Uoce  before  the  object-glass  of  a  telescope,  suspended  perpendicularly ;  this 
mirror  being  set  at  an  angle  of  45*,  the  perpendicular  line  of  the  telescope  will 
become  a  horizontal  line,  that  is,  a  line  of  level.  The  plumb  or  pendulum  level, 
ttcribed  to  Picard,  shows  the  horizontal  line  by  means  of  a  Ime  cutting  the 
plommet  line  perpendicularly ;  it  consists  of  two  legs,  joined  together  at  right 
angles,  with  a  telescopic  sight,  and  other  apparatus ;  the  whole  is  fixed  on  a 
itand  by  means  of  a  oall  and  socket.  The  oalance  level  is  an  instrument  sus- 
pended by  a  ring ;  and  when  in  equilibrio,  two  sights,  properly  fitted  to  the 
matrument,  will  show  the  line  of  level.  The  carpenter's,  bricklayer's,  orpaviour's 
^,  consists  of  a  long  narrow  board,  to  the  middle  of  which  is  fixed,  perpen- 
^eidarly,  another  boara,  Inroader  and  shorter  than  the  fomier,  and  having  a 
&«  drawn  through  its  middle,  cutting  the  first  mentioned  board  at  right  angles. 
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A  plummet  beine  suspended  from  the  top  of  the  upright  piece  shows  that  the 
base  is  horizontal  when  its  line,  and  the  line  drawn  from  the  point  of  suspen- 
sion, exactly  coincide.  The  mason  i  level  is  composed  of  three  pieces,  framed 
together  in  the  form  of  an  isosceles  triangle.  From  the  vertex  of  this  a  plummet 
is  suspended,  which,  when  it  hangs  directly  over  the  mark  in  the  centre  of  the 
base,  indicates  that  the  base  is  exactly  in  the  line  of  level. 

LEVELLING.  The  art  or  act  of  finding  a  line  or  plane  parallel  to  the 
plane  of  the  horizon.  The  uses  to  which  this  art  applies,  are  the  determining 
the  height  or  depth  of  one  place  with  respect  to  another ;  the  laying  out  of 
grounds,  regulating  descents,  conducting  water,  &c.  It  is  necessary  to  premise 
that  two  or  more  places  are,  strictly  speaking,  on  a  level,  when  they  are  equally 
distant  from  the  centre  of  the  earth ;  and  a  line,  of  which  all  its  constituent 
points  are  equally  distant  from  that  centre,  is  called  the  litie  cf  true  level.  But 
this  line,  consistently  with  the  round  form  of  the  earth,  must  evidently  be  a  curve, 
similar  and  parallel  to  the  earth's  circumference,  and  concentric  with  it.  But 
the  line  of  sight  employed  in  such  operations  as  are  not  on  an  extensive  scale, 
differs  from  the  line  above  described,  being  in  effect  a  right  line  or  tangent  to 
the  earth's  circumference,  and  is  called  the  apparent  line  of  level.  But  mis  dif- 
ference, as  we  have  already  remarked,  need  not  be  attended  to  in  operations 
upon  a  confined  scale,  such  as  sinking  of  drains,  paving  of  walks,  or  conveying 
water  to  short  distances,  &c. ;  but  where  the  operations  are  required  to  be 
carried  to  a  considerable  extent,  such  as  the  construction  of  canals  of  many 
miles  in  length,  the  distinction  between  the  true  and  apparent  level  must  neces- 
sarily be  attended  to.  The  difference  between  the  true  and  apparent  level  may 
be  readily  found  from  a  property  of  the  circle,  demonstrated  by  Euclid,  (Elem. 
Book  III.  Prob.  36.)  In  one  mile  this  excess  of  the  apparent  above  the 
true  level  will  thus  be  found  to  be  7.9618,  or  almost  eight  inches.  Hence, 
proportioning  the  excesses  in  altitude  according  to  the  square  of  the  distances, 
the  following  table  is  obtained,  showing  the  height  of  the  apparent  above  the 
true  level  for  every  one  hundred  yards  of  distance  on  the  one  hand,  and  from 
a  quarter  of  a  mile  to  fourteen  miles  on  the  other. 


Distance  in  Yards. 

Difference  of  level 
in  Inches. 

Distance  in  Miles. 

Difference  of  level 
in  P«et  and  Inches 

100 

.026 

i 

0.0^ 

200 

.103 

I 
a 

0.2 

300 

.231 

1 

0.4i 

400 

.411 

1 

0.8 

500 

.643 

2 

2.8 

600 

.925 

3 

6.0 

700 

1.26 

4 

10.7 

800 

1.645 

5 

16.7 

900 

2.081 

6 

23.11 

1000 

2.570 

7 

32.6 

1100 

3.110 

8 

42.6 

1200 

3.701 

9 

53.9 

1300 

4.344 

10 

66.4 

1400 

5.038 

11 

80.3 

1500 

5.784 

12 

95.7 

1600 

6.580 

13 

112.2 

1700 

7.425 

14 

130.1 

This  table  is  adapted  to  several  useful  purposes.  Thus,  frst,  to  find  the 
height  of  the  apparent  level  above  the  true  at  any  distance.  If  the  given  dis- 
tance is  iu  the  table,  the  correction  of  level  is  found  on  the  same  line  with  it;  tbua, 
at  the  distance  of  1000  yards,  the  correction  2.57,  or  2|  inches  nearly;  and  at 
the  distance  of  10  miles  is  66  feet  4  inches.     But  if  the  exact  distance  is  not 
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iband  in  th«  table,  then  multiply  the  square  of  the  distance  in  yards  by  2.57, 
md  then  divide  by  1,000,000,  or  cut  off  fix  places  on  the  right  for  decimala, 
the  rest  are  inches ;  or  multiply  the  square  of  the  distance  in  miles  by  66  feet 
4  inches,  and  divide  by  100. 

Secondly.     To  find  the  extent  of  the  visible  horizon,  or  how  far  an  observer 
can  see  from  any  given  height,  on  a  horizontal  plane,  as  at  sea,  suppose  the 

Se  of  the  observer,  on  the  top  of  a  ships  mast  at  sea,  is  the  height  of  130  feet 
ove  the  water,  he  will  then  see  about  14  miles  round ;  or  from  the  top  of  a 
cli$  by  the  sea-side,  the  height  of  which  is  66  feet,  a  person  may  see  to  the 
distance  of  nearly  10  miles  on  the  surface  of  the  sea.  Also  when  the  top  of  a 
kill,  or  the  light  m  a  light-house,  or  such  like,  whose  height  is  130  feet,  first 
comes  into  the  view  of  an  eye  on  board  a  ship,  the  table  shows  that  the  distance 
of  the  ship  from  it  is  14  miles,  if  the  eye  is  at  the  surface  of  tbe  water ;  but  if 
the  height  of  the  eye  in  the  ship  is  80  feet,  then  the  distance  will  be  increased 
by  neany  1 1  miles,  making  in  all  about  25  miles  in  distance. 

Thirdiy.  Suppose  a  spring  on  one  side  of  a  hill,  and  a  house  on  an  oppo- 
site hill,  with  a  valley  between  them,  that  the  spring  seen  from  the  house, 
appears  by  a  levelling  instrument  on  a  level  with  the  foundation  of  the  house, 
wuch  sappose  is  at  a  mile  distance  from  it ;  then  is  the  spring  ei^ht  inches  above 
the  true  level  of  the  house ;  and  this'  difference  would  be  bnrely  sufiicient  for 
the  water  to  be  brought  in  pipes  from  the  spring  to  the  house,  the  pipes  being 
liid  all  the  way  in  the  ground. 

Fourthly.     If  the  height  or  distance  exceed  the  limits  of  the  table,   then 

first,  if  the  distance  be  given,  divide  it  by  2,  or  by  3,  or  by  4,  &c.  till  the 

quotient  comes  within  the  distances  fti  the  table;  then  take  out  the  height 

answering  to  the  quotient,  and  multiply  it  by  the  square  of  the  divisor,  that  is, 

by  4  or  9,  or  16,  &c.  for  the  height  required.     Thus  if  the  top  of  a  hill  is  just 

teen  at  the  distance  of  40  miles,  then  40,  divided  by  4,  gives  10,  to  which  in  the 

table  answer  66^  feet,  which  bein^  multiplied  by  16,  the  square  of  4  gives 

1061 1  feet  for  the  height  of  the  hill.     But  when  the  height  is  given,  divide  it 

by  one  of  those  square  numbers,  4,  9,  16,  25,  &c.  till  the  quotient  come  within 

the  limits  of  the  table,  and  multiply  ihe  quotient  by  the  square  root  of  the ' 

divisor,  that  is,  by  2,  or  3,  or  4,  or  5,  &c.  for  the  distance  sought ;  so  when  the 

top  of  the  Peak  of  Teneriffe,  said  to  be  about  3  miles,  or  15,840  feet  high,  just 

comes  into  view  at  sea,  divide  15,840  by  225  or  the  square  of  15,  and  the 

quotient  is  70  nearly;  to  which  in  the  table  answers  by  proportion  nearly  10| 

miles;  then  multiply  10|  by  15,  gives  154  miles,  and  |  for  the  distance  of  the 

hilL 

In  what  has  been  already  stated,  no  regard  has  been  paid  to  the  effect  of 
^fraction  in  elevating  the  apparent  places  of  objects.  But  as  the  operation  of 
refraction  incurvating  the  rays  of  light  proceeding  from  objects  near  the  hori- 
xoo  is  considerable,  it  can  by  no  means  be  neglected,  when  the  diflTerence 
JKtveen  the  true  and  apparent  level  is  estimated  at  considerable  distances.  It 
i>  now  ascertained,  that  for  horizontal  refractions  the  radius  of  curvature  of  the 
conre  of  refiraction  is  about  7  times  tlie  radius  of  the  earth  ;  in  consequence  of 
vhich,  the  distance  at  which  an  object  can  be  seen  by  refraction,  is,  to  the  dis- 
tance at  which  it  could  be  seen  without  refraction,  nearly  as  14  to  13;  the 
ruction  augmenting  the  distance  at  which  an  object  can  be  seen  by  about  a 
tbirteenth  of  itself.  By  reason  of  this  refraction  too,  it  happens  that  it  is  neces- 
>tty  to  diminish  by  \  of  itself,  the  height  of  the  apparent  above  the  true  level, 
tt  given  in  the  preceding  table  oi  reductions.  Thus,  at  1000  yards,  the  true 
Terence  of  level,  when  the  allowance  is  made  for  the  effect  of  refraction,  will  be 
2.570--.367=  2.203  inches.  At  two  miles  it  would  be  32--4i=27*  inches, 
ndsoon. 

A  very  simple,  portable,  and  easily  constructed  instrument  for  ascertaining  the 
Nations  of  distant  objects,  was  inserted  in  the  Regitter  of  Artt ;  and  as  con- 
ceded with  the  foregoing  subject,  we  annex  an  engraving  of  it,  (p.  82.)  A  B,  B  C, 
^0  equal  pieces  of  wo<ra  turning  on  a  screw  at  B ;  edf  b,  slip  of  parchment  or 
psper  pasted  to  the  legs  A  B,  B  C,  and  folding  between  them  when  closed,  af^er 
the  similitude  of  a  fan.     Let  the  outer  part  djf  be  made  the  quadrant  of  a 
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circle  to  radius  t  d,  and  let  it  be  divided  into  90  degrees;  ejp  a  plumb  line 
falling  from  the  centre  C  kh,  two  sights.     If  through  A  A  the  top  of  any  object 
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be  observed,  the  plumb-line  ejg  will  cut  off  the  number  of  degrees  Jf,  con- 
tained by  the  angle  of  elevation.  The  proof  is  very  evident.  Let  him  he  the 
horizontal  line,  to  which  ejg  will  always  fall  perpendicular;  and  since  I  em  is 
a  right  angled  triangle,  (Euclid  vi.  8.)  LJig,  =L  elm  =  Lof  elevation.  The 
instrument  may  be  closed  as  N,  and  carried  in  the  pocket 

LEVELLING  STAVES,  or  poles,  are  those  employed  in  levelling,  serving 
to  carry  the  marks  to  be  observed,  and  at  the  same  time  to  measure  me  height 
of  those  marks  from  the  ground.  They  usually  consist  of  two  mahogany  staves, 
10  feet  long,  in  two  parts,  that  slide  upon  one  another  to  about  5,^  feet,  for  the 
greater  convenience  of  carriage.  They  are  divided  into  1000  equal  parts,  and 
numbered  at  every  tenth  division  by  10,  20, 30,  &c.  up  to  1000 ;  and  on  one  side 
the  feet  -and  inches  are  also  sometimes  marked.  A  vane  slides  up  and  down 
upon  each  set  of  these  staves,  which,  by  the  pressure  of  springs,  will  remain 
stationary  at  any  part  llie  vanes  are  about  10  inches  long,  and  4  inches 
broad ;  the  breadth  is  first  divided  into  three  equal  parts,  the  two  extremes  are 

1>ainted  white,  the  middle  space  divided  aeain  into  three  equal  parts,  which  are 
ess ;  the  middle  one  of  them  is  also  painted  white,  and  the  two  other  parts 
black ;  and  thus  they  are  suited  to  all  common  distances.  These  vanes  nave 
each  a  brass  wire  across  a  small  square  hole  in  the  centre  which  serve  to  point 
out  the  height  correctly,  by  coindding  with  the  horizontal  wire  of  the  telescope 
of  the  level. 

LEVER.  One  of  the  mechanic  powers,  or 'elements  of  machinery.  It  is 
usually  defined  an  inflexible  bar,  movable  round  a  fixed  point  of  support, 
denominated  the  fulcrum.  There  are  three  kinds  of  levers,  distinguished  by 
the  relative  positions  of  the  power,  weight,  and  ftilcrum.  In  levers  of  the  first 
kind,  the  weight  b  applied  at  one  end,  ^e  power  that  is  to  move  it,  at  the 
other,  and  the  fulcrum  between  them.  In  Ih.  1,  on  the  next  page,  which 
represents  a  lever  of  this  kind,  W  is  the  weight,  r  the  power,  and  F  the  fulcrum ; 
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whOe  the  distances  F  W  and  F  P 
represent  the  arms  of  the  lever. 
1«7.  2  b  an  example  of  a  lever  of 
the  second  kind,  in  which  the  ful- 
cmm  F  is  at  one  end,  the  power  P 
at  the  other,  and  the  weieht  W  be- 
tween them ;  the  arms  of  the  lever 
sre  represented  by  the  same  letters 
as  before,  F  W,  and  F  P.  The  third 
kind  of  lever,  has  its  fulcrum  F  at 
one  end,  the  weicht  W  at  the  other, 
and  the  power  P  between  them,  as  in 
Ftg.  3. 

The  relation  between  the  power 
and  weight  is  exceedingly  simple. 
Thus,  if  Sie  forces  applied  to  a  straight 
lerer,  are  weights  acting  on  it  per- 
pendicularly to  the  horizon,  the  pro- 
portion which  the  power  bears  to  the 
weight,  will  be  as  the  distance  of  the 
weight  from  the  fulcrum  is  to  the 
distance  of  the  power  from  the  same 
point,  that  is,  the  power  and  weight 
are  inversely  as  their  distances  from 
the  fulcrum.     A  general  proposition, 
however,  applicable  alike  to  straight 
and  bent  levers,  and  to  forces  in  any 
direction,  may  be  thus  stated.    The 
potper  and  resistance  acting  on  a  lever 
are  inversely  proportional  to  the  per* 
pendicular  lines  draum  from  the  fid' 
erum  to  the  lines  of  direction  in  which 
ike  forces  <teL    To  render  the  Jaws 
connected  with  this  useful  instrument 
u  plain  as  possible,  we  shall  con- 
Oder  the  different  cases  separately. 
In  Fig.  4,  a&e  represents  a  lever 
vhoee  fulcrum  is  at  h,  the  power  is 
to  the  weight  as  the  shorter  arm  a  b 
is  to  the  longer  h  c.    For  if  the  lever 
he  put  into  motion,  the  power  will 
describe  the  arc  c  d,  and  tne  weight, 
the   arc   ae,   which  represent   the 
Telocity  with  which  the  bodies  move. 
Now  as  these  arcs  ixe  proportional 
to  the  length  of  the  arms,  if  we  mul- 
tiply them  by  quantities  which  are 
mversely  as  the  lengths  of  the  arms, 
we  shall  produce  equal  quantities. 
Now  the  lever  will  remam  at  rest 
when  the  momenta  of  its  arms  in 
opposite  directions  are  equal,  and 
tab  win  occur,  as  we  have  shown, 
when  the  power  and  weight  are  in- 
Tersely  proportional  to  the  lengths  of 
the  arms.     If  the  arms  are  as  1  to  2, 
IS  in  Fig,  5,  a  power  of  50  lb.  will 
eoonterbalance  a  resbtance  of  100  lb. 
The  same  will  appear  in  a  lever  of 
the  second  and  thira  kinds.  In  Fig,  6^ 


Fig.l, 


w 


A 


m 


ft 


Fig,  2, 


® 


Fig.  S. 


M 


Fig.i. 


A 


epiHBssa 


Fig,  5. 


& 


o 


Fig.C. 


84 


LEVEIU 


let  the  longer  arm  a  6  be  12  feet,  and  the  shorter  ac,2  feet,  then  will  the 
power  be  to  the  weiglit  as  2  to  12 ;  that  is,  a  power  of  50  will  balance  a  weight 
of  300  lb.  If  the  weight  300  be  multiplied  by  the  arm  ac=^  2,  it  will  give  a 
product  of  600,  the  same  as  the  50  lb.  multiplied  by  the  arm  a  6  =  1 2.  Thia 
18  constantly  the  case,  that  the  power  multiplied  by  its  perpendicular  distance 
from  the  fulcrum  is  equal  to  the  weight  multiplied  by  its  distance  from  the 
same  point  In  levers  of  the  third  kind,  in  which  the  power  is  nearer  to  the 
fulcrum  than  the  weight  is,  a  loss  of  power  is  sustained,  but  this  is  amply  com- 
.  pensatcd  in  the  increased  velocity  that  is  obtained.  In  this,  as  in  tne  other 
levers,  is  clearly  evidenced  that  important  truth  in  Mechanics,  that  in  every 
case  in  which  power  is  increased  velocity  must  be  diminished. 

In  levers  of  the  first  kind,  the  pressure  on  the  fulcrum  is  equal  to  the  sum  of 
the  forces  acting  upon  it,  and  in  the  second  and  third,  to  the  difference  between 


them.  Sometimes  aliumber  of 
forces  may  be  applied  at  once, 
as  in  Fiff.  7.  In  this  case,  equi- 
librium will  obtain,  when  the 
products  formed  by  multiplying 


Fig.  7. 


it 


■^ 


D 


□ 


1 


^  V 


proauccs  lormca  oy  muiupiymg     .-u 

each  weight  by  its  distance  from   £ \ 

the  fulcrum,  are  equal  on  each 

side.     When  a  series  of  levers  are  made  to  act  on  each  other,  they  constitute  a 

ccmpomid  lever,  as  in  Fig,  8.    The  power  obtained  by  this  lever  is  calculated 
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in  the  same  way  as  the  simple  lever.  Suppose  each  of  the  longer  arms  to  be 
twice  as  long  as  the  shorter  ones,  then  a  weight  of  10  lb.  suspended  to  fg,  will 
counterbalance  20  lb.  suspended  to  ef.  If,  instead  of  suspending  a  weight  to 
the  arm  «/,  it  be  made  to  act  with  its  force  of  201b.  on  the  arm  e  d,  it  will 
support  a  resistance^of  40  lb.  at  e,  this  40  lb.  acting  on  6  c  will  sustain  80  lb.  sus- 
pended to  a.  Hence  it  appears  that  in  levers  of  this  description,  the  power  u  to 
the  weight  or  resistance,  as  the  continued  product  of  the  snorter  arms  is  to  the 
continued  product  of  the  longer.  The  appHcations  of  the  levers  are  exceedingly 
numerous.  Levers  of  the  first  kind  may  be  seen  in  the  use  of  a  poker  in 
stirring  the  fire — in  balances  and  steelyards— in  scissors  and  snuffers,  in  which 
the  rivet  forms  the  fulcrum.  A 
crow  bar  may  be  used  either  as  a 
lever  of  the  first  or  second  kind, 
as  in  the  accompanying  sketches. 
The  bent  or  angular  lever  may  be 
seen  in  the  action  of  a  hammer  in 
drawing  a  nail,  F^.  10.  The  handle 
of  the  nammer  being  the  longer 
arm,  and  the  distance  from  the  nail 
to  the  point  onjwhich  the  hammer 
rests,  the  shorter  arm.  Levers  of 
the  second  kind  may  be  seen  in  a 
pair  of  bellows—m  oars  used  in 
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Towing  boat",  in  the  nidder  of  a  /•;*.  jj, 

ship,  nutcrackers,  &c.  The  safety- 
valves  of  steam  engines  are  some- 
times levers  of  the  second  kind. 
In  Fiff.  12,  6  is  the  power  applied 
at  different  distances  along  the 
arm  a  b,  the  steam  endeavouring  to 
escape  from  the  boiler  is  the  resis- 
tance acting  at  c.  It  will  easily  be  •^»*'  1 2 
apprehended  that  the  greater  the 
distance  between  a  and  b,  the 
greater  will  be  the  compressing 
rorce  on  the  steam.  Levers  of  the 
third  kind  may  be  seen  in  the 
human  arm,  a  pair  of  tongs,  shears 
for  sbeepsbeering.  Other  exam- 
ples might  be  given,  but  to  those 
who  have  considered  the  instances  already  adduced,  they  will  be  sufficiently 
obvious. 

LEVIGATION.  The  art  of  reducing  hard  bodies  to  an  impalpable  powder; 
it  is  performed  by  pounding,  rubbing,  or  grinding ;  or  by  a  combination  of  these 
operations. 

LEVITY,  in  Natural  Philosopbv,  is  that  supposed  property  of  a  body  by 
irhich  it  is  said  to  be  less  weighty  than  another  body,  bulk  lor  bulk ;  levity  in 
thii  sense  is  the  opposite  to  gravity.  Thus  cork,  and  all  those  substances  that  float 
on  the  surface  of  the  water,  have  levity  with  respect  to  the  water ;  or  in  other 
words,  they  are  less  heavy  than  that  fluid. 

LEYDEN  PHIAL,  in  Electricity,  is  a  glass  phial  of  Jar,  coated  within 
nde  and  without  with  tin  foil,  or  some  other  conducting  substance,  so  as  to 
be  capable  of  receiving  and  retaining  an  electric  charge  for  the  purpose  of 
exoerimenta. 

LIGHT  is  that  principle  or  substance  which  renders  objects  perceptible  to 
oar  sense  of  seeing.  It  is  a  subject  apparently  but  little  understood,  and  upon 
which  opinions  are  as  much  divided  as  any  of  the  most  abstruse  subjects  of 
philosophical  inquiry.  Some  consider  light  as  a  fluid  material ;  others  regard 
Uas  a  "  vibration  propagated  from  the  luminous  body  through  a  subtile  ethereal 
medium,"  &c  The  limits  and  design  of  this  work  equally  preclude  die 
ioiertion  of  an  extended  article  on  the  various  hypothesis  that  have  been  pro- 
mulgated on  this  interesting  subject     See  Optics. 

LIGHTER.  A  large,  open,  flat-bottomed  vessel,  employed  to  unload  or 
^^i€n  a  ship,  and  to  convey  the  goods  therefrom  to  their  destination ;  espe- 
cially when  there  is.  not  sufficient  depth  of  water  for  the  ship  to  proceed 
farther. 

LIGHT-ROOM.  A  small  room  in  a  ship  of  war,  having  double  glazed  win- 
dows, tlirough  which  light  is  admitted  into  the  powder  magazine. 

LIGHTHOUSE.  A  tower  or  other  lofty  building  erected  upon  some  head- 
land or  rock  of  the  sea-coast,  the  upper  part  of  which  b  brilliantly  illuminated 
during  the  nigbt>time  jto  guide  ships  in  their  course,  or  warn  them  of  con- 
tiguous danger.  The  fire-beacons  or  towers  used  for  this  purpose  by  the 
Indents  were  dedicated  to  the  gods,  and  sacrifices  were  regularly  oflered  up  to 
implore  safety  to  the  mariners.  As  a  knowledge  of  the  sciences  increased, 
tKey  became  establishments  for  the  instruction  of  youth  in  navigation  and 
sutroQoroy.  We  have  only  very  imperfect  accounts  of  the  construction  of 
these  buildings,  but  they  appear  to  have  consisted  of  a  large  tower  of  masonry, 
lometimes  of  a  circular  form,  but  more  commonly  square,  finished  on  the  top 
vitb  a  batdement,  and  containing  various  apartments.  The  fire  was  kept  in  a 
Wge  and  peculiar  kind  of  chafing  dish.  To  the  early  navigators  the  frequent 
Kcurrence  of  these  buildings  was  absolutely  needful,  as  they  were  destitute  of 
the  compass  or  any  other  guide,  and  were  under  the  necessity  of  keeping  near 
tl^e  shore,  and  were  consequently  in  great  danger  from  rocks  and  shoals.  These 
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towers  also  fonned  a  considerable  part  of  the  fortifications  of  the  early  agei 
and  before  the  invention  of  making  distant  siepials,  the  watchmen  were  iiir 
nished  with  large  sea-conchs,  which  thev  sounded  from  the  battlements  to  wan 
the  mariners,  or  to  alarm  the  country  m  the  case  of  an  enemy.  These  fire 
towers,  which  were  once  thickly  scattered  along  the  shores  of  the  Meditw 
ranean  and  the  Red  Seas,  l)ecame,  in  time,  scenes  of  the  most  horrid  outrage! 
thus  perverted  firom  their  original  beneficial  uses  to  the  most  baneful  purpoees^ 
they  were  more  dreaded  than  the  dangers  of  the  navigation ;  consequently  the] 
fell  into  disuse  and  decay,  and  gradually  disappeared. 

The  most  extraordinary  of  ancient  structures  of  this  kind  was  the  Pharos  ol 
Alexandria,  built  on  a  small  island  at  the  mouth  of  the  Nile,  whence  the  won 
pharos  has  since  been  considered  as  synonymous  with  lighthouse.  It  wai 
erected  by  Sostrates  with  such  ereat  magnificence,  that  it  is  said  to  havi 
cost  Ptolemy  Philadelphius  eight  hundred  talents  of  gold.  It  had  several  storiei 
raised  one  above  anotner,  adorned  with  columns,  baUustrades,  and  galleries,  od 
the  finest  marble  and  workmanship.  On  the  top  a  fire  was  kept  constantlj 
burning,  which,  according  to  Josephus,  was  seen  at  the  distance  of  300  stadia, 
or  about  42  English  miles.  The  famous  Colossus  of  Rhodes  served  also  m 
a  pharos.  The  buildings  which  have  in  modem  times  replaced  these  ancieni 
structures  on  the  shores  of  the  Mediterranean,  &c.,  are  far  inferior  to  those  ol 
our  own  country ;  and  as  our  limits  will  not  aUow  of  an  extended  view  of  the 
latter,  we  shall  confine  our  account  to  the  three  most  remarkable  lighthouses  on 
the  British  and  Irish  coasts ;  namely,  that  on  the  Eddystone,  that  on  the  Bellj 
and  that  on  the  South  rocks. 

The  Eddystone  lighthouse  is  situated  at  the  entrance  of  Plymouth  Sound, 
upon  an  extensive  reef  of  rocks  well  known  to  mariners  as  the  Eddy-stone 
(a  name  sufficiently  significant  of  its  dangers),  lying  at  the  distance  of  9|  milei 
from  the  Ram-head  or  nearest  point  of  land.    The  many  fatal  accidents  which 
happened  on  these  rocks,  rendered  it  very  desirable  to  erect  a  lighthouse  on  the 
spot  i  but  the  numerous  and  apparentlv  insurmountable  difficulties  of  such  an 
undertaking  prevented  the  attempt  till  the  year  1696,  when  Mr.  Winstanley 
undertook  and  accomplished  this  important  object,  though  it  was  the  work  of 
four  years.     A  violent  storm,  however,  in  1703,  destroyed  every  vestige  of  it, 
except  some  irons  that  were  fastened  in  the  rock.  It  was  rebuilt  in  an  improved 
form  by  John  Rudyerd,  a  linen  draper  of  Ludgate  Hill,  London.  This  building 
was  of  wood,  in  form  the  fhislrum  of  a  cone ;  it  was  formed  of  71  uprieht 
beams,  united  together  by  being  bolted  to  circular  kirbs  of  wood  placed  within 
side,  and  upon  which  the  floors  were  framed.     Mr.  Rudyerd  made  his  building 
quite  plain,  without  the  least  projection  or  ornament  on  which  the  water  coura 
act  when  dashing  against  it    The  building  was  fitted  up  quite  solid  for  19  feet 
from  the  lowest  point  of  the  rock,  and,  excepting  the  well  for  the  stair-case,  was 
solid  to  the  heignt  of  37  feet     The  solid  was  formed  of  three  beds  of  moor- 
stone,  with  strong  floorings  of  timber  between  each  bed,  to  unite  them  with  the 
external  uprights.     The  whole  erection,  in  addition  to  the  weight  of  this  stone, 
(which  was  about  280  tons,)  was  secured  to  the  rock  by  36  iron  cramps.  In  the 
centre  of  the  building  a  strong  mast  was  erected,  secured  by  2  cramps  to  the 
rock  at  the  bottom,  and  rising  above  the  solid  to  the  height  of  48  feet,  being 
united  to  the  framing  of  each  floor  it  passed  through,  and  thus  forming  a  cen- 
tral axis  to  strengthen  the  whole.   This  building  had  some  repairs  of  its  timbers 
in  1723,  and  again  in  1744;  but  it  showed  itself,  during  the  bufietings  of  the 
sea,  for  49  years,  to  be  of  a  very  excellent  construction.     It  was  destroyed  by 
fire  in  1755.     In  1756  Mr.  Smeaton  was  employed  to  rebuild  it.     From  the 
great  uncertainty  of  the  weather,  every  stone  was  so  contrived  that  it  was  of  itself 
m  a  condition  to  resist  the  wash  of  the  sea,  even  when  it  was  immediately  laid. 
Each  stone  had  one  or  two  holes  drilled  through  it  before  it  left  the  work  yard ; 
and  this  hole  being  continued  a  few  inches  into/ the  rock,  or  the  stone  beneath, 
a  strong  tree-nail  was  driven  through  it  to  pin  it  fast  to  its  place :  dovetails  were 
also  cut  in  the  edges  of  each  stone  to  connect  them  by  oaken  wedges,  which 
secured  the  joinings  whilst  the  mortar  or  cement  was  hardening ;    and  as  a 
further  precaution  against  the  latter  being  eflected  by  the  weather,  all  the 
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outrides  of  them  were  coated  with  plaster  of  Paris.  The  work  went  rapidly  on  in 
this  manner,  and  the  second  course  was  nearly  set  in  a  few  days ;  out  a  gale 
sprang  up,  which  obliged  the  operators  to  quit  the  work,  leaving  a  few  stones  of  the 
second  coarse  lowerra  down  uito  their  places,  and  chained  strongly  to  the  rock ; 
and  one  of  the  most  exposed  was  secured  hy  lajring  upon  it  five  cwt.  of  lead. 
A  storm  came  on,  and  it  was  afterwards  found  that  this  weight  had  heen  lifted 
by  the  waves,  so  that  the  stone  beneath  it  had  escaped  and  was  lost,  as  were 
four  others ;  from  which  circumstance  the  force  of  the  sea  on  the  rock  may  be 
conceived.  The  light-room  was  prepared  in  London ;  it  consisted  of  eight  cast- 
iron  pillars  for  containing  copper  sash-frames  for  eighteen  panes  of  glass  each, 
with  a  cupc^  of  wrought-iron  and  copper,  terminating  with  a  large  gilded  balL 
The  light  consisted  of  twenty-four  large  tallow  candles,  suspended  in  a  chande- 
lier, and  the  first  light  was  exhibted  .on  the  16th  of  October,  1759,  which  has 
been  ccmtinued  ever  since  without  any  particular  occurrence,  or  any  accident 
produced  by  the  many  violent  storms  which  have  happened.  In  the  year  1 807 
the  chaLnddiors  and  the  candles  were  removed,  and  in  their  place  a  reflector 
ihune  was  fitted  up  with  Argand  burners  and  parabolic  reflectors  of  silvered 
copper,  to  the  great  and  essential  improvement  of  the  light  See  SmeaUm*» 
ImraUve^  4^.  ^  the  Eddytlont  LighUhoute, 

We  now  proceed  to  a  brief  account  of  the  Bell-rock  lighthouse,  which,  like 
its  model,  the  Eddystone  lighthouse,  has  figured  in  a  thousand  periodical  pub- 
lications, and  will  therefore  not  require  the  accompaniment  of  illustrations  in 
our  work.    The  Bell-rock  is  a  dangerous  reef,  situated  in  the  Firth  of  Forth, 
sod  the  lighthouse  upon  it  is  of  recent  date.    Various  ex]>edient8  have  been 
resorted  to  at  difierent  times  to  warn  the  mariner  of  his  approach  to  this  rock, 
which  is  the  more  dangerous,  as  it  is  12  feet  below  the  surface  at  high-water. 
Nooe  of  these,  however,  could  be  rendered  durable ;  and  though  the  necessity 
fi  t  lighthouse  was  acknowledged  on  all  hands,  Uie  difficulties  and  expenses 
sttending  such  a  work 'prevented  the  undertaking  till  the  year  1806,  when  it 
vu  finally  determined  to  erect  a  building  of  stone  similar  to  that  on  the  Eddy- 
itone  rock.    The  work  was  begun  in  the  year  1807  by  erecting  a  building  of 
timber  as  a  temporary  refuse  for  the  workmen,  whicn  occupied  the  whole  of 
the  first  season,  as  it  was  only  for  two  or  three  hours  each  tiae  that  the  work- 
men could  proceed.    The  winter  was  spent  in  preparing  the  stones  ashore  at 
Aikoath,  and  in  the  following  summer  four  courses  of  stories  were  completed. 
In  1809  the  solid  part  of  die  lighthouse  was  finished,  being  about  30  feet  high. 
By  September  in  the  next  year,  the  building  was  raised  to  its  height  of  100 
fiwt,  and  a  light  was  exhibited  in  February,  1811.    The  building  is  a  circular 
tover,  measuring  42  feet  in  diameter  at  the  base,  and  13  feet  in  diameter  at  the 
top.  The  ascent  from  the  rock  to  the  top  of  the  solid,  or  lowest  30  feet,  is  accom- 
piabed  by  a  trap  ladder;  but  strangers  who  cannot  well  ascend  by  such  paths, 
sre  hoisted  up  in  a  chair  by  means  of  a  crane.   The  light-room  is  88  feet  above 
the  medium  level  of  the  tide,  yet  the  sprays  of  the  sea  occasionally  lash  against 
tbe  glass,  so  that  it  becomes  necessary  in  gales  of  wind  to  shut  the  whole  of  the 
dea£-]ights  to  windward.     The  b'ght-room  is  of  an  octagonal  figure,  12  feet 
•cross,  and  15  feet  in  height.  The  light  is  from  oil,  with  Argand  burners  placed 
in  the  focus  of  silver-plated  reflectors.     Machinery  is  used  for  tolling  two  large 
WDs  n%ht  and  day  during  the  continuance  of  foggy  weather.  Four  light-keepers 
•K  appointed,  three  of  whom  are  always  at  the  lighthouse,  and  one,  in  his  turn, 
imbore  at  liberty.     At  Arbroath,  a  village  on  the  coast  about  12  miles  distant 
fton  Uie  Bell-rock,  is  a  signal  tower  with  an  observatory,  from  which  cor- 
Kiponding  signals  are  kept  up  with  the  lighthouse. 

The  most  remarkable  hghthouse  on  the  Irish  coast  is  the  Kilwarlin  or  South- 
»ck  lighthouse,  lying  off  the  coast  of  Downshire,  and  near  the  entrance  of 
Wh  Stnmgford,  a  station  of  great  importance  to  the  navigation  of  the  Irish 
Chsnnd.  This  lighAouse  stands  upon  an  extensive  reef,  lying  about  3  miles 
from  the  shore.  Part  of  the  rock  is  at  all  times  above  the  perpendicular  rise  of 
tbetide,  but  the  foundation  of  the  lighthouse  is  only  about  4  or  5  feet  above  low 
^«ter  of  spring  tides.  It  was  the  work  of  the  late  Mr.  Rogers,  engineer  to  the 
Bosrd  of  Customs:  it  was  founded  in  1795,  and  measures  31  feet  diameter  at 
^  base,  17  feet  diameter  at  the  top,  and  its  height  about  70  feet. 
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LIGHTNING.  The  explosion  of  the  electric  fluid  in  the  atmosphere 
LIGHTNING  CONDUCTORS,  are  pointed  metallic  rods  fixed  to  the 
upper  parts  of  buildings,  to  secure  them  from  strokes  of  lightning.  Tlicy  were 
indented  and  proposed  by  Dr  Franklin  for  this  purpose,  soon  after  the  identity 
of  electricity  and  lightning  was  ascertained ;  and  they  exhibit  a  very  important 
and  useful  application  of  modern  discoveries  in  this  science,  lliis  ingenious 
philosopher  having  found  that  pointed  bodies  are  better  fitted  for  receiving  and 
throwing  off  the  electric  fire  than  such  as  are  terminated  by  blunt  ends  or 
flat  surfoces,  and  that  metals  are  the  readiest  and  best  conductors,  soon  dis- 
covered that  lightning  and  electricity  resembled  each  other  in  this  and  other 
distinguishing  properties ;  he  therefore  recommended  a  pointed  metallic  rod  to 
be  raised  some  feet  above  the  highest  part  of  a  building,  and  to  be  continued 
down  into  the  ground,  or  the  nearest  water.  The  lightning,  should  it  ever 
come  within  a  certain  distance  of  this  rod  or  wire,  would  be  attracted  by  it,  and 
pass  through  it  in  preference  to  any  other  part  of  the  building,  and  be  conveyed 
into  the  earth  or  water,  and  there  dissipated  without  doing  anv  damage  to  the 
building.  Many  facts  have  occurred  to  prove  the  utility  of  this  seemingly 
trifling  apparatus.  Some  electricians  have  objected  to  the  pointed  termination 
of  this  conductor,  preferring  rather  a  blunt  end,  on  the  supposition  that  a 
point  invites  the  electricity  from  the  clouds,  and  attracts  it  a  greater  distance 
than  a  blunt  conductor. 

.  Although  the  application  of  lightning  conductors  to  buildings  on  shore  is 
always  judicious,  and  their  advantages  very  apparent,  yet  on  ship-board,  where 
Uie  effects  of  lightning  are  most  to  oe  dreaded,  the  introduction  of  this  means 
of  defence  has  been  slow  and  imperfect.  The  conductor  hitherto  employed  at 
sea  consists  of  long  flexible  chains  or  links  of  metal,  about  a  quarter  of  an  inch 
thick,  sometimes  of  iron ;  those  employed  in  the  British  navy  are  however  of 
copper ;  they  are  usually  packed  in  a  box,  and  are  intended  to  be  set  up  from 
the  mast-head  to  the  sea  when  occasions  require,  so  that,  as  observed  by  Mr. 
Linger  in  his  excellent  work  on  electricity,  partly  from  inattention,  and  partly 
from  prejudice,  they  frequently  remain  in  the  ship's  hold  during  long  and 
hazardous  voyages  quite  unemployed ;  a  remark,  the  truth  of  whidi  is  but  too 
frequently  verified  in  the  damage  so  constantly  happening  at  sea  during 
lightning  storms.  The  necessity  of  providing  the  best  possible  security  against 
the  effects  of  lightning  on  ship  boara  has  been  long  admitted ;  but  Contumous 
and  fixed  metallic  rods  have  been  deemed  inapplicable  to  ships  in  consequence 
of  their  masts  (the  only  parts  to  which  they  can  be  attached)  being  exposed  to 
chances  of  injury,  to  motion  in  a  variety  of  ways,  to  frequent  elongation  and 
contraction,  and  to  the  necessity  which  frequently  arises  for  removing  the 
higher  masts  altogether  and- placing  them  on  deck.  It  was  probably  from  these 
causes  that  the  small  flexible  chains  or  links  above  mentioned  were  employed. 
Such  conductors,  however,  will  probably,  on  examination,  be  found  less  appli- 
cable than  fixed  continuous  lines  of  metal,  and,  in  every  point  of  view, 
inefficient  substitutes  for  them.  Their  great  want  of  continuity,  as  well  as  their 
want  of  mass  and  surface,  is  very  unfavourable  to  the  transmission  of  severe 
explosions,  the  electric  matter  becoming  sensible  at  the  points  of  junction,  as 
is  evident  by  the  sparks  which  appear  upon  them  at  the  time  of  the  discharge, 
BO  that  in  some  instances  they  have  been  actually  disunited ;  they  are  likewise 
objectionable  as  being  liable  to  every  species  of  injury  incident  to  a  ship's 
rigging,  and  much  difficulty  is  experienced  in  keeping  them  in  their  position 
and  unbroken,  more  especially  during  gales  of  wind,  and  at  night,  when  the 
ship  is  under  sail,  and  when  it  is  perhaps  required,  as  is  already  observed,  to 
remove  some  portion  of  the  higher  masts.  It  has  therefore  been  long  con- 
sidered desirable  to  apply,  if  possible,  a  permanent  conductor^  which  should  be 
always  in  its  place  and  ready  for  action ;  and  various  attempts  have  been  made^ 
and  suggestions  advanced  at  different  times,  to  apply  fixed  lightning  conductors 
in  ships,  as  the  subject,  from  time  to  time,  has  demanded  further  consideration. 
To  protect  a  ship  effectually  from  damage  by  lightning,  it  is  essential  that  the 
conductor  be  as  continuous  and  as  direct  as  possible,  from  the  highest  point  to 
the  tea,  that  it  be  permanently  fixed  in  the  masts  throughout  their  wbok 
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•xteni,  10  as  to  admit  of  the  motion  of  one  portion  of  the  mast  upon  another ; 
and  in  case  of  the  removal  of  any  part  of  the  mast,  together  with  the  conductor 
attached  to  it,  either  from  accident  or  desisn,  the  remaining  portion  should  still 
be  perfect  and  eouivalent  to  transmit  an  electrical  discharge.    To  fulfil  these 
conditions,  Mr.  W.  J.  Harris,  of  the  Plymouth  Institution  (to  whose  valuable 
paper  oo  this  subject,  contained  in  a  recent  number  of  Jametoiit  Edinburgh 
Jowmalj  we  are  indebted  to  the  previous  remarks),  has  recommended  pieces  of 
sheet-copper,  horn  one-eighth  to  one-sixteenth  of  an  inch  thick,  aad  about  two 
feet  long,  and  varying  from  six  inches  to  one  inch  and  a  half  in  breadth,  be 
inserted  into  the  masts  in  two  laminas,  one  over  the  other ;  the  butts  or  joints 
of  die  one  being  covered  by  the  central  portions  of  the  other.    The  laminae 
dMMild  be  rivetted  together  at  the  butts,  so  as  to  form  a  long  elastic  continuous 
line ;  the  whole  conductor  to  be  inserted  under  the  edges  of  a  neat  groove, 
ploughed  longitudinally  in  the  aft  side  of  the  different  masts,  and  secured  in  its 
poaitiaii  by  wrought  copper  nails,  so  as  to  present  a  fair  surface.    The  metallic 
one  thus  constructed  will  then  pass  downward  from  the  copper  spindle  at  the 
mast-head,  along  the  aft  sides  of^  the  royal  mast  and  top-gallant  mast,  being 
oonnected  in  its  course  with  the  copper  about  the  sheeve  holes.    A  copper 
lining    in   the  aft  side  of  the  cap,   through  which   the   top -mast   slides, 
BOW  takes  up  the  connexion,  and  continues  it  over  the  cap  to  the  aft  side  of 
the  top-mast,  and  so  on  as  before,  to  the  step  of  the  mast ;   here  it  meets  a 
thick  wide  copper  lining,  turned  round  the  step  under  the  heel  of  the  mast,  and 
resting  on  a  similar  layer  of  copper  fixed  to  the  keelson.  This  last  is  connected 
with  somo  of  the  keels  on  bolts,  and  with  three  perpendicular  bolts  of  copper, 
of  two  inches  diameter,  which  are  driven  into  the  main  keel  upon  three  trans- 
verse or  horizontal  bolts,  bromzht  into  immediate  contact  with  the  copper 
expanded  over  the  bottouL    The  laminae   of   copper  are   turned  over  the 
re^)ective  mast  heads,  and  secured  about  an  inch  or  more  down  on  the  oppo- 
site side ;  the  cap  which  corresponds  is  prepared  in  a  somewhat  similar  way, 
the  copper  being  continued  from  the  hning  in  tlie  aft  part  of  the  round  hole 
•Ttr  the  cap,  into  the  fore  part  of  the  square  one,  where  it  is  turned  down  and 
secored  as  before,  so  that  when  the  cap  is  in  its  place  the  contact  is  complete. 
In  this  way  we  have,  under  all  circumstances,  a  continuous  metallic  line  from 
tlie  luffheet  point  to  ihe  sea,  which  will  transmit  the  electric  matter  directly 
timD^  the  keel,  being  the  line  of  least  resistance.     But  since  the  main  mast 
does  not  step  on  the  keelson,  it  will  be  necessary  to  have  a  metallic  commu- 
liestion  at  the  step  of  the  mast,  with  the  perpendicular  stancheon  immediately 
SDder  it,  and  so  on  to  the  keelson  as  before,  or  otherwise  carry  the  conductor 
out  St  the  sides  of  the  vessel. 

from  what  has  been  already  observed,  it  will  be  apparent  that  in  whatever 
position  we  suppose  the  sliding  masts  to  be  placed,  whether  in  a  state  of  elon- 
gstion  or  contraction,  still  the  line  of  conduction  will  remain  perfect ;  for  that 
put  of  the  conductor  which  necessarily  remains  below  the  cap  and  top  when 
tbe  sHdtng  masts  are  struck,  is  no  longer  in  the  line  of  action ;  consequently 
ill  iafjoence  need  not  be  considered. 

LIME.  One  of  the  primitive  earths ;  and  since  the  discovery  by  Sir  H. 
Dsry  of  its  metallic  base,  which  he  denominated  calcium,  it  is  regarded  by 
dbemists  as  the  oxide  of  caidum  ;  that  important  substance  commonly  called 
Kbs  bemg  found  to  be  a  combination  of  calcium  and  oxygen.  The  nature  of 
fins  is  proved  by  the  phenomena  of  the  combustion  of  calcium ;  tbe  metal 
disoging  into  the  earth  with  the  absorption  of  the  oxygen  gas.  Lime  is  soluble 
in  450  parts  of  water,  according  to  Sir  H.  Davy,  and  in  760  parts  according  to 
stker  coemists.  The  solution  is  called  lime  waler,  which  is  limpid,  but  has  an 
scid  taste^  and  turns  vegetable  blues  to  green.  If  lime  water  be  allowed  to  stand, 
aseom  cidled  the  cream  cf  lime  forms  on  its  surface;  and  if  this  be  removed 
SBolher  follows,  till  by  this  means  the  whole  of  the  lime  may  be  separated  from 
tils  water.  If  the  lime  be  not  skimmed,  the  cream,  after  having  acouired  a 
cotiin  thickness,  precipitates  and  falls  to  the  bottom.  Pure  lime,  or  calcareous 
csrth,  is  never  found  native ;  but  in  combination  with  acids,  particularly  the 
c>riMnic,  it  exists  in  prodigious  quantities.     Marble,  limestone,  and  chalk,  are 
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all  carbonates  of  lime ;  g3rpsiiin  is  a  sulphate  of  lime.  Berzelius  attempted  ta 
determine  the  prime  equivalent  of  calcium,  from  the  proportion  in  which  it 
combines  with  oxygen  to  form  lime :  on  which  Dr.  Ure  remarks  that  *'  his 
results  can  be  regarded  only  as  approximations,  in  consequence  of  the  diffi- 
culties of  the  experiment.  The  prime  equivalent  of  lime,  or  oxide  of  calcium, 
can  be  determined  to  rigid  precision  by  my  instrument  for  analyzing  the  car- 
bonates. By  this  means  I  nnd  that  100  parts  of  carbonate  of  lime  consist  of 
43.60  of  carbonic  acid  -f-  56.4  lime ;  whence  the  prime  equivalent  proportions 
are  2.75  acid  +  3.562  base." 

The  operation  called  burning  lime,  consists  in  eirposing  marble,  limestone, 
chalk,  oyster  shells,  or  any  other  carbonate  of  lime,  for  some  time  to  a  white 
heat,  by  which  means  the  carbonic  acid  and  water  contained  in  these  substances 
are  expelled ;  and  the  earth  which  has  the  peculiar  characters  assigned  to  lime, 
is  left  behind  in  a  mass  which  has  little  coherence,  and  is  therefore  easily 
reduced  to  powder.  It  is  usually  called  quick-lime  afler  calcination.  Newly 
prepared  it  absorbs  water  with  great  avidity ;  it  will  absorb  one-fourth  of  its 
weight  of  that  fluid,  and  still  remain  perfectly  dry.  If  a  sufficient  quantity  of 
water  be  poured  upon  it,  the  lime  falls  into  powder ;  some  of  the  water  is  con- 
verted into  vapour  by  the  disengaged  caloric  of  that  part  which  unites  with  the 
lime  ;  this  is  called  the  slacking  of  lime  :  if  the  quantity  slacked  be  consider- 
able, and  performed  in  a  dark  place,  light  will  be  observed  as  well  as  heat 

The  kilns  for  burning  lime  are  of  a  great  variety  of  forms,  according  to  the 
kind  of  fuel  used,  and  the  manner  in  which  they  are  to  be  wrought.  Some 
persons  affirm  that  the  best  form  of  a  lime-kiln  is  that  of  an  egg  placed  upon 
Its  narrow  end,  having  part  of  its  broader  end  struck  off,  and  its  sides  somewhat 
compressed  towards  the  lower  extremity ;  the  ground  plate,  or  bottom  of  the 
kiln,  being  nearly  an  oval,  with  an  eye  or  draft  hole  towards  each  end  of  it  It 
is  supposed  that  two  advantages  are  gained  by  this  form  over  that  of  the 
spreading  inverted  cone  (also  much  used).  By  the  upper  part  of  the  kiln  being 
contracted,  the  heat  does  not  fly  off  so  freely  as  it  does  in  the  spreading  cone ; 
on  the  contrary,  it  thereby  receives  a  degree  of  reverberation  which  adds  to  its 
intensify.  But  the  other,  and  more  valuable  effect  is  said  to  be  this ;  when  the 
cooled  lime  is  drawn  out  at  the  bottom  of  the  furnace,  the  ignited  mass  in  the 
tipper  parts  of  it  settles  down  freely  and  evenly  into  the  central  parts  of  the 
kiln.  One  of  the  best  kilns  that  we  are  acquainted  with  is  Heathorn's  patent 
kiln,  combined  with  the  manufacture  of  coke,  and  described  under  the  article 
Iron.  The  fnistrum  of  a  cone  is  a  form  of  kiln  much  used ;  and  it  may  be 
Bome  advantage  to  hollow  or  arch  out  the  upper  part,  which  is  frequently  done. 
In  many  parts  of  the  south  of  England,  lime  is  prepared  from  the  calcination 
of  chalk  m  kilns  sunk  in  the  earth,  of  the  form  of  inverted  cones,  and  lined 
with  brick  ;  the  base  of  the  cone  is  about  10  feet  in  diameter,  and  about  14  feet 
deep.  It  is  calculated  that  a  kiln  of  this  kind  will  yield  150  bushels  of  lime  in 
24  hours.  When  the  chalk  is  dry,  about  5  bushels  of  it  may  be  burned  with 
1  bushel  of  coal ;  but  when  damp,  or  in  the  winter,  not  more  tnan  4  bushels  by 
1  bushel  of  coal.  In  Yorkshire,  and  some  other  places  where  coal  is  abundant, 
calcareous  slate  and  limestone  are  burned  in  great  pieces  stratified  with  coal; 
in  these  cases  the  consumption  of  coal  is  equal  to  more  than  a  third  part  of  the 
lime  produced.  The  waste  of  fuel  in  this  process  renders  it  very  ineligible 
where  coals  are  dear.  The  saving  of  fuel  in  the  use  of  kilns  is  apparent  from 
the  previous  accounts,  but  that  saving,  according  to  Mr.  Rawson,  may  be  con- 
siderably increased  by  inclosing  the  kiln  at  the  top,  and  building  a  chimney 
over  it ;  and  it  seems  to  follow  that  the  higher  that  chimney  is  the  better. 

Some  Ume-burners  prefer  peat  to  coal  for  the  fuel ;  but  that  preference  has 
probably  arisen  from  an  injudicious  management  of  coal.  Mr.  Dodson  asserts 
peat  to  be  more  economical  than  coal ;  that  coal,  by  its  excessive  heat,  causes 
the  limestone  to  run  into  solid  lumps,  which  it  never  does  with  peat,  as  it  keeps 
them  in  an  open  state  and  admits  the  air  freely.     That  the  process  of  burning 

foes  on  more  slowly  with  coal,  and  does  not  produce  half  the  quantity  of  lime, 
'bis  inconsistency  requires  no  comment ;  nevertheless  peat  is  a  very  useful  fuel 
for  the  purpose,  and  an  excellent  substitute  for  coal  where  the  latter  is  icarcer 
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or  dearer.  All  kinds  of  lime  exposed  to  the  air  recover  nearly  their  original 
weight,  except  chalk  lime,  which,  although  long  exposed,  never  recovers  more 
than  seven-eighths  of  its  original  weight  Some  limestones,  as  Portland-stone, 
yield  a  very  white  lime ;  others,  as  chalk  and  roe-stone,  a  lime  with  a  yellowish 
cast ;  the  latter  is  best  adapted  for  mixing  with  tarras,  puzzolano,  or  Parker's 
cement,  for  buildings  under  water.  It  has  long  been  said  by  lime-burners,  that 
if  limestone  be  imperfectly  burned  in  the  first  instance,  no  further  exposure  of 
it  to  the  fire  will  produce  quick-lime.  This  assertion,  which  it  was  supposed 
was  the  ofispring  of  ignorance,  has  been  confirmed  by  M.  Vic^  in  a  valuable 
treatise  lately  published  by  him  on  mortar  and  cements.  Such  lime,  which  is 
technically  termed  dead  lime,  does  not  slake  with  water,  but  upon  being  ground 
and  made  into  a  paste  with  water,  differs  from  common  mortar  by  setting  under 
water. 

Whitmg  is  a  fine  carbonate  of  lime,  made  in  some  places  by  grinding  soft 
chalk  in  a  mill,  separating  the  finer  particles  by  washing  them  over  in  water, 
letting  the  water  settle,  and  making  up  the  sediment  into  loaves,  which  are 
exposed  to  the  air  to  dry.  There  are  numerous  manufactories  beside  the  river 
Thames,  where  whiting  is  thus  prepared,  the  loaves  being  exposed  on  shelves 
in  lofty  sheds,  which  form,  as  it  were,  the  vertical  external  walls  of  the  buildings. 
In  some  places  whitine  is  made  from  lime  by  slaking  it  with  a  little  water,  then 
grinding  it  in  a  mill  with  water,  exposing  the  lime  water  to  the  air  for  some  time 
to  absorb  the  carbonic  acid  from  the  atmosphere,  washing  over  the  sediment, 
making  it  into  loaves,  and  drying  them.  When  made  into  small  loaves  it  is 
called  Spanish  white  ;  and  if  in  small  drops,  prepared  chaUc  ;  the  creta  preparata 
of  the  apothecaries.  It  is  principally  used  as  a  white  paint,  either  alone,  or 
mixed  with  white  lead ;  the  inferior  priced  white  lead  has  a  large  proportion  of 
tvhiting  mixed  with  it  Spanish  white  and  prepared  chalk  are  likewise  exten- 
BTely  used  to  saturate  acids  in  liquids  in  various  chemical  and  manufacturing 
operations. 

Lime  with  water  form  a  paste  of  but  little  cohesion ;  for  common  mortar  it 
mixed  with  rough  sand  to  ^ve  it  firmness ;  but  the  mortar  for  the  outermost 
GOTering  of  in-aoor  work,  is  mixed  with  hair  to  give  it  cohesion  without  lessen- 
ing its  capability  of  receiving  a  smooth  surface.  As  lime  absorbs  carbonic  acid 
gas  as  wdl  as  water  from  the  atmosphere,  it  should  be  made  into  mortar  before 
it  has  imbibed  any  considerable  portion  of  it,  otherwise  it  will  be  of  little  value. 
It  is  by  the  absorption  of  carbonic  acid  that  mortar  acquires  hardness,  its  lime 
iMine  slowly  converted  again  into  the  state  of  limestone ;  but  the  hardness  will 
not  be  peifect  unless  undisturbed  from  its  commencement;  when  this  cir- 
cumstance 18  observed  it  soon  acquires  a  moderate  degree  of  hardness,  but  ages 
lie  probably  required  for  it  to  attain  its  maximum.  The  silex  or  sand  mixed 
with  lime  operates  by  hastening  its  crystallization.  Lime,  though  infusible 
alone,  promotes  the  fusion  of  cdl  the  other  earths,  and  is  extensively  used  in 
imeiting  iron  ores ;  it  serves  as  a  flux  to  the  alumine  and  silex  which  the 
ores  of  that  metal  contain. 

Marl,  which  is  of  so  much  value  in  agriculture,  consists  of  a  mixture  of  lime 
and  clay,  and  it  is  the  calcareous  part  of  its  composition  to  which  its  value 
is  owine ;  if  the  quantity  of  lime  in  it  do  not  exceed  30  per  cent,  it  is  worth- 
Im.  Every  good  soil  contains  a  portion  of  carbonate  of  lime,  which  mate- 
rially assists  in  retaining  the  moisture  necessary  to  active  vegetation.  Limestone 
containing  much  magnesia  is  unfit  to  afford  lime  for  the  farmer's  use ;  it  may 
be  known  firom  good  limestone  by  its  being  much  longer  in  dissolving  in  acids. 
Lime  is  used  by  the  soap  manufacturer  to  render  his  soda  caustic :  it  enters  into 
the  composition  of  glass,  which  it  renders  less  liable  to  attract  moisture,  and 
leas  brittle  than  it  would  otherwise  be.  It  is  employed  in  the  manufacture  of 
fhe  to  prevent  its  becoming  flexible  by  the  ready  absorption  of  rooistm-e.  It 
la  used  by  the  taimer  to  facilitate  the  removal  of  the  hair  from  skins.  It  is 
oacd  by  the  sugar  refiner  to  absorb  the  acid,  which  would  prevent  the  sugar 
from  crystallizing.  A  solution  of  lime  is  employed  to  cleanse  leathers  from  their 
animal  oil,  and  render  them  sweet  and  fit  for  use.  Acids  dissolve  pure  lime 
with  effervescence,  but  heat  is  evolved  during  the  solution.  Water  impregnated 
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witli  carbonic  acid  will  dissolve  a  much  larger  quantity  of  it  than  before ;  and 
when  deprived  of  this  acid  by  exposure  to  the  air,  the  lime  it  held  in  solution 
is  precipitated ;  hence  the  formation  of  stalactites  and  incrustations  found  in 
caverns.  The  crystals  of  the  solutions  of  lime  in  acids  form  what  are  called 
spars.  The  beautiful  spar  called  fluor  spar,  or  Derbyshire  spar,  is  a  fluate  of 
hme,  that  is,  a  combination  of  lime  and  the  fluoric  acid.  Combined  with 
muriatic  acid,  large  quantities  of  lime  are  held  in  solution  by  the  waters  of  the 
ocean.  Combined  with  sulphuric  acid  lime  forms  gypsum ;  gypsum,  when  cal- 
cined by  a  moderate  heat,  is  called  plaster  of  raris.  Combined  with  the 
oxymunatic  acid,  or  chlorine,  it  forms  chloride  of  lime,  the  famous  salt  used  in 
Bleaching,  (whioh  see.)  Combined  with  phosphoric  acid,  lime  forms  the  sdid 
parts  of  the  bones  of  all  animals.  The  shells  of  testaceous  animals  consiit 
chiefly  of  carbonate  of  lime  cemented  by  a  small  portion  of  animal  glue ; 
while  those  of  crustaceous  animals  always  contain  more  or  less  of  phosphate  of 
lime,  which  approximates  them  to  the  nature  of  bone. 

L I M  ESTON  E.  The  native  indurated  carbonate  of  lime  is  usually  distinguished 
by  this  name  ;  but  Professor  Jamieson  considers  it  as  a  genus  of  minerals,  which 
he  divides  into  four  species ;  namely.  Rhomb-spar,  Dolomite,  Limestone,  and 
Arragonite ;  the  third  species,  limestone,  he  divides  into  twelve  sub-species,  and 
these  again  into  several  kinds. 

LIAfNING.  The  art  of  painting  in  water  colours,  as  practised  by  the 
ancients,  in  contradistinction  to  the  more  modem  art  of  painting  in  oil.  Before 
John  Van  Eyck  (better  known  by  the  name  of  John  of  Bruges)  found  out  the 
art  of  painting  in  oil,  the  painters  all  painted  in  water  or  fresco,  on  their  walls, 
on  wooden  boards,  and  elsewhere.  When  they  made  use  of  boards,  they 
usually  glued  a  fine  linen  cloth  over  them,  to  prevent  their  opening ;  then  laid 
on  a  ground  of  white;  lastly,  they  mixed  up  their  colours  with  water  and  size,  or 
with  water  and  yolks  of  eggs,  well  beaten  with  the  branches  of  a  fig-tree,  the 
juice  whereof  thus  mixed  with  the  eggs;  and  with  this  mixture  they  painted 
their  pictures.  In  limning,  all  pigments  are  suitable,  except  the  white  of  lime, 
which  is  only  used  in  fresco.  The  azure  or  ultramarine  is  always  mixed  with 
size  or  gum;  and  two  layers  of  hot  size  are  always  applied  to  the  boards, 
before  the  size  colours  are  laid  on ;  the  colours  are  all  ground  in  water,  and  in 
working  diluted  with  size  water.  When  the  piece  is  finished,  they  go  over  it 
with  the  white  of  an  egg  well  beaten ;  and  then  with  varnish,  if  required. 

LINT.  The  scrapings  from  the  surface  of  old  linen  cloth,  forming  a  very 
•oft  absorbent  material,  peculiarly  adapted  to  the  dressing  of  wounds;  for 
which  purpose  it  is  chiefly  used.  This  material  is  prepared  for  the  use  of  sur- 
geons, and  as  an  article  of  commerce,  in  the  following  manner.  Old  linen,  or 
such  as  has  been  worn  for  shirts,  sheets,  &c.  is  preferred  to  new  cloth,  on  account 
of  the  great  softness  of  the  fibrous  matter.  Those  pieces  are  selected  which  are 
without  fracture,  or  nearly  so,  and  that  are  10  or  12  inches  broad;  these  are 
washed,  (or  should  be,)  perfectly  clean,  and  dried,  and  are  then  ready  to  be 
operated  upon  by  the  lint  machine,  which  is  generally  worked  by  a  woman. 
This  machine  consists  of  a  steel  knife  blade  with  parallel  sides,  tne  edge  of 
which  is  blunt  or  dull,  but  perfectly  straight ;  this  knife  is  fixed  in  a  horizontal 
position  in  a  frame,  which  is  made  to  reciprocate  up  and  down,  by  meant  of  a 
treadle  or  pedaL  When  this  pedal  is  pressed  upon  by  the  foot  of  the  workwoman, 
it  causes  tne  blade  to  descend  vertically  with  its  edge  across  a  board  or  little 
table,  covered  with  smooth  leather^  whereon  the  linen  is  placed ;  and  on  taking 
the  pressure  ofi*  the  pedal,  the  knife  is  lif^d  from  the  work  by  the  agency  m 
springs.  The  linen  is  rolled  very  evenly  upon  a  cylindrical  stick,  with  the  weft 
in  the  direction  of  the  stick ;  and  consequently  with  the  warp  threads  of  the 
cloth  rolled  round  it  A  few  inches  of  the  cloth  being  uncoiled,  and  a  few 
threads  of  the  weft  pulled  off  at  the  end,  leaving  as  it  were  a  fringe  of  the  warp 
projecting,  the  roller  is  held  steadily  with  both  hands  by  the  operator,  who 
begins  by  placing  the  end  of  the  cloth  in  such  a  position  upon  the  work  board, 
that  when,  by  the  pressure  of  the  foot  upon  the  pedal,  the  knife  descends,  its 
edge  shall  pass  between  the  first  and  second  thread  of  the  weft,  and  press 
across  all  the  warp  threads ;  whibt  the  latter  is  thus  held  down  to  the  table, 
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the  operator  puUs  back  the  stick  towards  her,  through  a  space  of  from  a  quarter 
to  half  an  inch ;  the  weft  thread  is  thereby  pushed  further  along  the  warp 
threads,  and  from  the  latter  is  scraped  the  lint,  by  their  beine  drawn  under  the 
edge  of  the  knife.  The  foot  being  lifted  from  the  pedal,  the  knife  ascends,  and 
the  operator  pushes  the  doth  forward  again  to  take  the  next  thread,  which,  by 
the  prenore  of  the  knife,  and  the  pulling  back  of  the  cloth  at  the  same  instant, 
n  mored  along  the  threads  of  the  warp  after  the  first,  and  raisins  thereby  more 
]int.  In  this  manner  the  operation  is  conducted,  thread  after  thread,  (almott 
II  quickly  as  a  person  could  count  them,)  until  aU  the  cloth  (or  all  thepiecet 
of  cloth  sewn  evenly  together)  upon  the  cylindrical  stick  if  worked  off;  and 
thus  is  produced,  wnen  uie  work  is  dexterously  performed,  a  continuous  tender 
sheet  or  thick  downy  lint.  Simple  as  this  operation  may  appear,  it  requires 
considerable  practice  to  obtain  the  necessary  sVill  and  adroitness  to  do  the  work 
well,  and  enable  the  operator  to  get  a  living  by  it ;  it  is  usually  executed  by  very 
poor  women,  who  earn  only  about  ten  shulings  per  week  at  the  employment 
The  difficulty  consists  in  making  accurate  movements  by  the  hands  with 
great  quickness;  for  if  a  weft  threi^  is  crossed  by  the  knife,  the  work  is  checked 
01  spoiled  instead  of  forwarded.  The  editor  has  never  met  with  any  published 
description  of  this  operation,  but  he  saw  it  performed  about  20  years  ago  by  a 
poor  old  woman,  ana  this  account  is  sketched  out  from  recollection. 

LIQUEURS.  This  name,  adopted  from  the  French,  is  given  to  a  variety  of 
odoriferous,  fine  flavoured,  alcoholic  Honors ;  the  processes  of  preparing  which 
have  been  given  in  various  parts  of  this  work  ;  see  Eau  de  Colognk,  £au  di 
Luce,  &C    In  this  place  we  shall  insert  the  description  of  a  very  convenient  little 


mtratuB,  and  the  process  of  working  it,  which  we  understand  is  much  used 
it  nris,  and  elsewhere,  for  the  purpose.  At  a  is  the  boiler  (containing  the 
dflntcd  spirits  and  flavouring  mgredients)  immersed  in  a  water  bath  b,  and  heated 
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by  a  Bpirit  lamp  c,  haviDg  several  wicks.  Tlie  still  has  a  tall  neck,  surmounted 
by  a  bead  d,  surrounded  by  cold  water  in  the  refrigeratory  e.  'i'he  vapour,  as 
it  is  condensed,  runs  down  the  sides  of  the  head,  and  is  received  in  a  circular 
channel,  formed  around  the  upper  extremity  of  the  neck,  whence  it  flows  down 
a  pipe/,  through  the  cold  water  cistern,  into  a  recipient  g,  fixed  above  a  series 
of  flmnel-shaped  filterers.  Previous  to  commencing  the  process  of  distillation, 
the  recipient  g  is  provided  with  a  sufficient  quantity  of  syrup,  (solution  of  white 
sugar,)  to  form  the  intended  liqueur,  over  which  the  condensed  spirit  discharges 
itself.  When  all  the  spirit  is  come  over,  the  distillation  is  stopped  by  extm- 
guishing  the  lamp ;  the  cock  t  is  now  opened,  when  the  aromatic  spirit  and  the 
83n^p  descend  into  the  first  of  the  filterers  oooo.  These  filterers  are  each  com- 
posea  of  four  distinct  substances  or  layers ;  the  lowest  is  of  perforated  metal, 
the  next  above  fine  flannel,  over  which  is  put  two  thicknesses  of  filterine  paper. 
The  spirit  and  the  syrup  become  intimately  blended  in  passing  through  these 
successive  filterers,  and  the  liquor  is  received  in  bottles  underneath  in  a  per- 
fectly bright  and  clear  state. 

LITHIA.  An  alkali,  recently  discovered  by  M.  Arfredson,  a  young  chemist, 
employed  in  the  laboratory  of  M.  Berzelius.  Sir  H.  Davy  demonstrated  by 
voltaic  electricity  that  the  basis  of  this  alkali  is  a  metal,  to  which  the  name  of 
lithium  has  been  giveut  For  the  mode  of  obtaining  lithia,  and  an  account  of 
its  properties,  the  reader  is  referred  to  Ure't  Dictionary  of  Chemistry y  as  it  has 
not  yet  been  brought  into  use  in  the  arts. 

LITHOGRAPHY.  The  art  of  transferring  from  stone,  writings  or  drawings 
made  thereon ;  which  is  quite  of  modem  invention.  Unlike  other  kinds  of 
printing,  this  is  strictly  chemical,  and  is  in  consequence  called  in  Germany, 
chemiccd  printing,  A  drawin?  is  made  on  the  stone,  either  with  hik  containing 
oleaginous  matter ;  or  with  chalk,  containing  similar  substances,  but  in  a  more 
concentrated  and  indurated  state.  The  drawing  is  then  washed  over  with  wat^, 
which  sinks  into  those  portions  of  the  stone  that  are  untouched  with  the  grease 
of  the  drawing.  A  cylindrical  roller,  charged  with  printing  ink,  is  then  passed 
all  over  the  stone,  and  while  the  drawing  receives  the  ink,  the  rest  of  the  stone 
is  preserved  from  it  by  the  water  on  account  of  the  greasy  nature  of  the  ink. 
This  art  is  said  to  have  been  invented  by  mere  accident,  by  Alois  Senefelder,  of 
Munich,  who  being  an  author,  and  too  poor  to  publish  his  works,  tried  various 
plans,  with  copper-plates  and  compositions,  with  a  view  to  becoming  his  own 
printer.  In  the  course  of  his  experiments,  he  found  that  a  composition  of  soap, 
wax,  and  lamp-black,  formed  an  excellent  ink  for  writing  with  on  plates ;  as, 
when  dry,  it  became  firm  and  hard,  and  resisted  aquafortis.  He  wanted  facility, 
however,  in  writing  backwards  on  the  plates;  and  that  he  might  exercise  this  at 
less  expense,  he  procured  some  pieces  of  Kilheim  stone,  as  a  cheap  material,  on 
which,  after  polishing  their  surfaces  he  might  practise.  Having  been  desired  by 
his  mother  to  take  a  list  of  some  linen  about  to  be  sent  to  be  washed,  and 
having  no  paper  at  hand,  he  wrote  it  out  on  a  piece  of  stone  with  his  composi- 
tion. When  he  was  afterwards  about  to  efface  his  writing,  it  occurred  to  him 
that  impressions  might  be  obtained  from  it ;  and  after  he  had  bit  in  the  stone 
with  aquafortis,  diluted  with  ten  parts  of  water,  after  letting  the  fluid  stand  five 
minutes  over  it,  he  proceeded  to  apply  printing  ink  to  the  stone,  for  which  pur- 
pose he  first  applied  a  printer's  ball,  but  after  some  unsuccessful  trials,  he  made 
use  of  a  thin  piece  of  wood  covered  with  fine  cloth,  and  with  this  he  perfectly 
succeeded  in  taking  impressions.  It  appeared  to  him  that  this  new  mode  of 
printing  was  of  very  considerable  importance ;  and  he  therefore,  though  with 
great  difficulties,  persevered  in  improving  it,  and  in  attempting  its  application 
to  practical  purposes.  He  soon  found  that  it  was  not  necessary  to  have  the 
letters  raised  above  the  stone ;  but  that  the  chemical  properties  which  keep 
grease  and  water  so  effectually  separate  from  each  other,  were  quite  sufficient 
for  his  purpose.  He  afterwards  oestowed  much  labour  and  assiduity  in  con- 
stnicting  the  proper  press,  and  other  apparatus  for  printing.  The  first  essays 
to  print  for  publication  were  some  pieces  of  music  executed  in  1796  ;  afterwards 
he  attempted  drawings  and  writings.  He  still  however  found  great  difficulty 
in  writing  backwards,  and  this  led  him  to  think  of  the  process  of  transfer  i  and 
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ihe  VIM  of  dry  soap,  which  was  found  to  leave  permament  traces  which  would 

five  impressions,  naturally  led  to  the  mode  of  cnalk  drawings.  In  1799,  after 
aving  made  many  improvements,  Senefelder  obtained  a  patent  privileee  for 
the  electorate  of  Bavaria.  In  1803,  he  introduced  his  discovery  into  Vienna, 
where  he  ohtained  a  similar  grant  for  ten  years.  The  invention  spread,  though 
slowly,  into  France  and  Italy,  but  it  was  not  brought  over  to  England  until 
ISOl,  when  M.  Andr6  d'Offenbach,  a  merchant  in  London,  succeeded  in  intro- 
ducing it  only  to  a  very  limited  extent  While  the  war  lasted,  the  employment 
of  the  lithographic  art  was  chiefly  confined  to  the  quarter-master  general's 
office  at  the  Horse  Guards,  where  it  was  ftsed  for  printing  the  plans  of 
battles,  and  maps  of  the  seat  of  war.  After  the  peace  the  art  was  revived,  and 
there  are  now  in  England,  as  well  as  in  all  parts  of  the  continent,  numerous 
establishments,  where  it  is  practised  with  great  excellence  ;  and  it  is  difficult  to 
t&y  at  the  present  time,  whether  the  German,  French,  or  English  artists,  have 
obtained  the  pre-eminence.  We  shall  now  proceed  to  explain  the  several  pro- 
cesses of  the  art. 

The  Sionest  and  the  manner  in  which  they  are  prepared  to  reciive  the  drawings. — 
The  stone  roost  used  in  England  is  found  at  Corstan,  near  Bath :  it  is  one  of 
the  white  lias  beds,  but  not  of  so  fine  a  grain,  nor  so  close  in  texture  as  the 
German  stone,  and  therefore  inferior;  but  it  is  good  for  transfers,  and  does 
tolerably  well  for  ink  drawings  or  writings.  All  calcareous  stones  may  be  used 
in  lithography,  because  they  imbibe  grease  and  moisture  ;  but  a  stone  entirely 
calcareous  does  not  answer  well ;  there  should  be  a  mixture  of  alumina  and 
iQex.  One  of  the  most  certain  indications  of  lithographic  properties,  is  the 
conchoidal  fracture :  all  stones  of  this  kind  will  be  found  good,  if  they  arc  also 
hard,  have  the  fineness  of  grain,  and  the  homogenousness  of  texture  that  are 
necessary.  It  is  however  said  that  none  have  yet  been  found  equal  to  those 
obtained  from  the  quarries  of  Solenhofen,  near  Pappenheim  in  Bavaria,  and 
that  the  lithographers  of  eminence  in  Paris  use  no  other.  In  order  to  sustain 
the  pressure  usea  in  taking  impressions,  a  stone,  1 2  inches  square,  ought  not  to 
be  less  than  1^  inch  thick,  and  this  thickness  should  increase  wiUi  the  area  of 
the  stone.  The  stones  are  first  sawn  to  a  proper  size,  and  are  then  ground 
imooth  and  level  by  rubbing  two  of  them  face  to  face,  with  water  and 
iind.  They  must  be  very  carefully  examined  with  a  straight  edse,  to  ascertain 
that  they  are  perfectly  level  in  every  direction.  This  applies  only  to  the  side 
which  is  afterwards  to  receive  the  drawing,  as  the  natural  division  of  the  stone  is 
lufficiently  true  for  the  back.  When  the  stones  have  thus  been  ground  perfectly 
level,  they  are  well  washed,  to  free  them  from  any  of  the  coarser  grains  of  sand 
vhich  may  have  been  used  in*  smoothing  them.  They  are  then  placed  on  a 
board  over  a  trough,  and  they  are  again  rubbed  face  to  face  with  sand  and 
vater,  but  with  a  sand  of  much  finer  texture  than  that  previously  used.  The 
greatest  care  must  be  taken  to  have  the  sand  sufficiently  nne ;  and  for  this  pur- 
pose it  must  be  sifted  through  a  small  close  sieve,  as  a  single  grain  of  sand  of  a 
coarser  texture  than  the  rest  will  scratch  the  stone,  and  these  scratches  will 
ifterwards  appear  in  the  impression  taken  from  the  stone.  When  the  stones 
have  been  rendered  sufficientlv  fine,  and  their  grain  sufficiently  smooth,  they 
nnist  then  be  carefully  washed  and  afterwards  wiped  dry  with  a  clean  soft  cloth. 
This  is  the  plan  adopted  to  prepare  the  stones  fur  chalk  drawings,  but  to  pre- 
pare them  for  ink  drawings  or  writings,  the  following  method  is  the  best : — After 
the  process  just  described  has  been  completed,  the  stones  are  well  washed  to  get 
rid  of  the  sand,  and  they  are  then  rubbed  to  together,  face  to  face,  with  pow- 
dered pumicestone  and  water.  After  they  are  made  perfectly  smooth,  they  are 
igain  washed  and  wiped  dry,  and  are  then  separately  polished  with  a  large  piece 
of  pucniccstone. 

To  clean  the  stones  after  they  have  been  fully  used^  sand  is  strewed  over  the 
<v&ce,  which  is  sprinkled  with  water  and  nibbed  with  another  stone,  until  the 
writing  or  drawing  upon  it  has  completely  disappeared.  It  must  then  be  washed 
in  aquafortis,  diluted  with  twenty  times  its  bulk  of  water;  and  the  stone  is  then 
pfejired  for  a  new  drawing  or  writing,  by  being  rubbed  with  fine  sand  or 
pumicestone  as  before.    The  longer  drawings  remain  on  stones  the  deeper  the 
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ink  or  the  chalk  penetrates  into  their  flubstance,  and  consequently  the  more  of 
the  stone  must  be  ground  away  to  remove  them ;  this  is  also  more  necessary 
with  ink  drawings  or  writings  than  with  chalk,  owing  to  the  greater  fluidity 
and  consequent  penetrability  of  the  former. 

The  substances  used  by  the  artist  upon  the  stone,  are  either  lithographic  ink, 
or  lithographic  chalk.  The  former  has  been  described  under  the  article  Ink^ 
(which  see ;)  but — 

The  Ink  for  making  tranrfert  should  be  somewhat  less  burned,  and  therefore 
softer  than  that  used  for  writing  or  drawing  directly  upon  the  stone. 

Liihographic  chalk  should  hate  all  the  qualities  of  a  good  drawing  crayon. 
It  should  be  even  in  texture,  and  carry  a  good  point  The  following  propor- 
tions are  recommended :  1  i  oz.  of  common  soap,  2  oz.  tallow,  2\  oz.  virgm  wax, 
1  oz.  shell-lac.  The  rest  of  the  process  is  the  same  as  in  making  the  ink. 
Less  black  should  be  mixed  with  the  chalk  than  with  the  ink,  its  only  use  being  to 
colour  the[drawing,  that  the  artist  may  see  the  lines  he  traces.  When  the  whole 
is  well  mixed,  it  should  be  poured  into  a  mould  and  very  strongly  pressed,  to 
expel  any  air  that  may  collect  in  bubbles,  which  would  render  it  spongy. 

Mode  cf  drawing, — Previous  to  drawing  or  writing,  the  stone  must  be  wdl 
wiped  with  a  clean,  dry  cloth.  The  ink  is  rubbed  with  water,  like  Indian  ink, 
and  is  almost  wholly  used  on  the  polished  stone.  The  chalk  is  used  only  upon 
the  grained  stone ;  the  polished  surface  of  the  other  would  not  hold  it.  In 
drawing  with  ink,  a  gradation  of  tints  is  obtained  either  by  varying  the  thick- 
ness of  the  lines,  or  their  distances  from  one  another,  as  in  engraving.  The 
ink  lines  on  polished  stones,  being  solid  and  unbroken  throughout,  receive  the 
printing  all  over ;  and  if  the  lines  be  drawn  as  fine  and  as  uniform  as  they  are 
usually  on  copper,  the  print  from  them  will  be  in  no  respect  inferior ;  but  it 
requires  a  greater  degree  of  skill  to  execute  as  well  upon  stone  as  is  usually 
done  upon  copper  or  steel. 

In  using  chalk,,  the  grained  stone  should  be  very  carefully  dusted,  and  the 
Utmost  attention  be  paid  to  prevent  any  lodgment  of  the  smallest  particle  of 
grease;upon  the  surface ;  personal  cleanliness  is  therefore  absolutely  necessary 
to  the  perfection  of  his  work,  especially  in  chalk  drawings.  The  chalk  is  used 
upon  tne  stone  precisely  in  the  same  manner  as  crayon  upon  paper ;  but  it  is 
of  essential  advantage  in  lithography  to  finish  the  required  strength  of  tint 
at  once,  instead  of  going  over  the  work  a  second  time,  the  stone  being  impaired 
in  its  ability  to  receive  the  second  lining  clearly,  by  the  absorption  of  the 
first.  Some  practice  is  requisite  to  use  the  chalk  cleverly,  as  there  has  been 
no  chalk  hitherto  made  that  will  keep  so  good  a  point  as  is  desirable.  There 
is  likewise  some  difiiculty  experiencea  in  obtaining  the  finer  tints  sound  in  the 
impression ;  and  in  order  to  obtain  the  lighter  tints  properly,  it  will  be  necessary 
to  put  the  chalk  in  a  rest,  as^the  metal  port  crayon  is  too  heavy  to  draw  upon 
the  stone.  The  editor,  who  sometimes  practises,  is  in  the  habit,  before  he  com- 
mences his  subject,  of  pointing  20  or  30  pieces  of  chalk,  stuck  in  quill  holders, 
and  placing  them  beside  the  stone  in  a  Httle  box,  taking  them  up  successively 
as  the  points  become  worn  ofi)  so  as  to  avoid,  if  possible,  the  cutting  ofi"  chalk 
during  the  work,  which  endangers  the  soiling  of  the  stone.  When  a  very  sharp 
and.  delicate  line  is  required,  he  sharpens  the  point  of  the  chalk  upon  paper,  by 
pushing  it  forward  in  an  inclined  position,  and  twirling  it  round  at  the  same 
time  between  the  fore-finger  and  thumb.  As  tlie  chalk  softens  by  the  warmth 
of  the  hand,  it  is  quite  necessary  to  have  several  piecest  to  be  able  to  change 
them.  Some  artists  cut  their  chalk  into  the  wedge  form,  as  being  stronger. 
Those  portions  that  break  ofi*  in  drawing  shoidd  be  carefully  taken  off  the  stone 
by  a  camel's  hair  brush. 

Preparation  of  tJie  stone  for  printing, — The  drawing  being  finished  on  the 
stone,  it  is  sent  to  the  lithographic  printer,  on  whose  knowledge  of  his  art 
depends  the  success  of  the  impressions.  The  first  process  is  to  etch  the  draw- 
ing as  it  is  called.  This  is  done  by  placing  the  stone  obliquely  on  one  edge, 
over  a  trough,  and  pouring  over  it  very  dilute  nitric  acid.  It  is  poured  on  tne 
upper  part  of  the  stone,  and  runs  down  all  over  the  surface.  The  stone  is  then 
turned,  and  placed  on  the  opposite  edge,  and  the  etching  water  being  collected 
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fimn  the  trough,  u  again  poured  over  it,  in  the  same  manner.    The  degree  of 
itrength,  which  is  usually  about  one  per  cent,  of  acid,  should  be  such  as  to  pro- 
duce a  very  slight  effervescence ;  and  it  is  desirable  to  pass  the  etching  water 
two  or  three  times  over  the  darkest  parts  of  the  drawing,  as  they  require  more 
etching  than  the  lighter  tints.     Experience  alone  can,  however,  p;uide  the  litho- 
grapher in  this  department  of  the  art,  as  different  stones,  and  different  compo- 
BtioBS  of  chalk,  will  be  differently  acted  upon  by  the  acid ;  and  chalk  drawings 
require  a  weaker  acid  than  the  ink.    The  stone  is  next  to  be  carefully  washed, 
by  pouring  clean  rain  water  over  it,  and  afterwards  with  gum  water ;  and  when 
not  too  wet,  ihe  roUer  charged  with  printing  ink  is  rolled  over  it  in  both  direc- 
tions— sideways,  and  from  top  to  bottom — till  the  drawing  takes  the  ink.     It  is 
tken  well  covered  over  with  a  solution  of  gum  Arabic  m  water,  of  about  the 
eonsiatency  of  oiL    This  is  allowed  to  dry,  and  preserves  the  drawing  from  any 
sltcration,  as  the  lines  cannot  spread,  in  consequence  of  the  pores  of  the  stone 
bemg  filled  with  the  gum.     After  the  etching,  it  is  detirable  to  leave  the  stone  for 
t  day,  and  not  more  than  a  week,  before  it  is  printed  from.    The  effect  of  the 
etching  is  first  to  take  away  the  alkali  mixed  with  the  chalk  or  ink,  which 
would  make  the  drawing  liable  to  be  affected  by  the  water ;  and  secondly,  to 
nake  the  stone  refuse  more  decidedly  to  take  any  grease.    The'  gum  assists  in 
tUs  latter  purpose,  and  is  quite  essential  to  the  perfect  preparation  of  the  sur- 
fiice  of  the  stone. 

Prmtmg, — When  the  intention  is  to  print  from  the  stone,  it  is  placed  upon 
the  platten  or  bed  of  the  press,  and  a  proper  sized  scraper  is  adjusted  to  the 
nrCace  of  the  stone.    Rain  water  is  then  sprinkled  over  the  ^um  on  the  stone, 
which,  being  dissolved  gradually,  and  a  wet  sponge  passed  li^tly  over  all,  the 
printer  works  the  ink,  which  is  on  the  colour  table  placed  beside  him,  with  tho 
roller,  in  all  directions,  until  it  is  equally  and  thinly  spread  on  the  roller.    Tlie 
roller  is  then  passed  over  the  whole  stone,  care  being  taken  that  the  whole  draw- 
ing receives  a  due  portion  of  ink ;  and  this  must  be  done,  by  giving  the  roller 
an  equal  motion  and  pressure,  which  will  of  course  require  to  be  increased,  if 
the  drawing  does  not  receive  the  ink  readily.     When  the  drawing  is  first  used, 
it  will  not  receive  the  ink  so  readily  as  it  will  afterwards ;  and  it  is  frequently 
necessary  to  wet  the  stone,  and  roll  it  several  times,  before  it  will  take  the  ink 
essily.     After  this  takes  place,  care  must  be  taken  not  to  wet  the  stone  too 
moch ;  the  dampness  should  not  be  more  than  is  necessary  to  prevent  the  ink 
idhering  to  the  stone  where  there  is  no  drawing.     After  the  drawing  is  thus 
rolled  on,  the  sheet  of  pAper  is  placed  on  the  stone,  and  the  impression  taken. 
Upon  taking  the  paper  off  the  stone,  the  latter  appears  to  be  quite  dry,  owing 
to  the  paper  having  absorbed  the  moisture  on  the  surface ;  it  must  therefore  be 
wetted  with  a  sponge,  and  again  rolled  with  ink,  the  roller  having  been  well 
worked  on  the  colour  table  before  being  applied.     During  the  printing,  some 
gum  must  always  remain  on  the  stone,  altnoueh  it  will  not  be  visible,  other- 
wise the  ink  will  be  received  on  the  stone  as  well  as  on  the  drawing,  by  which 
the  latter  would  be  spoiled ;  so  that  if  by  too  much  wetting,  or  by  rubbing 
too  hard  with  the  sponge,  the  gum  is  entirely  removed,  some  fresh  gum  water 
must  be  laid  on.     if  the  stone  has  in  the  first  instance  been  laid  by  with  too 
mall  a  quantity  of  gum,  and  the  ink  stains  the  stone  on  being  first  applied  to 
it,  gum  water  must  be  used  to  damp  the  stone,  instead  of  pure  water.     Some- 
times, however,  this  may  arise  from  the  printing  ink  being  too  thin,  as  will 
ifterwards  iq>pear.     If  some  spots  on  the  stone  take  the  printing  ink,  notwith- 
standing the  above  precautions,  some  strong  acid  must  be  applied  to  them 
with  a  brush,  and  after  this  is  washed  off,  a  little  gum  water  is  dropped  in 
the  place.   A  steel  point  is  here  frequently  necessary  to  take  off  the  spots  of  ink. 
The  edges  of  the  stone  are  very  apt  to  get  soiled,  and  generally  require  to  be 
wished  with  an  old  sponge  after  rolling  in ;  they  must  also  frequently  have 
tt  sppUcation  of  acid  and  gum,  and  sometimes  must  be  rubbed  with  pumice- 
itone.    If  an  ink  is  too  thin,  and  formed  of  a  varnish  not  sufficiently  burned, 
it  will  soil  the  stone,  notwithstanding  the  proper  precautions  are  taken  of  wet- 
^Bg  the  itoQS^  and  preparing  it  properly  with  acid  and  gum ;  and  if,  on  the  other 
hand,  the  ink  is.  too  thick,  it  will  tear  the  lighter  tints  of  the  chalk  from  the 
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stone,  and  thus  destroy  the  drawing.    The  consideration  of  these  circumstances 
leads  at  once  to  the — 

Principles  of  the  Printing, — ^The  accidents  just  mentioned  arise  at  the  extreme 
points  of  the  scale  at  which  the  printing  inks  can  be  used,  for  it  is  evident 
that  the  only  inks  that  can  be  used  are  those  which  are  between  these  points ; 
that  is,  thicker  than  that  which  soils  the  stone,  and,  at  the  same  time,  thinner 
than  that  which  takes  up  the  drawing.  Lithographers  are  sometimes  unable 
to  print  in  very  hot  weather,  the  reason  of  which  may  be  deduced  from  the 
foregoing.  Any  increase  of  temperature  will  diminish  the  consistency  of  the 
printing  ink ;  the  stone  will  therefore  soil  with  an  ink  which  could  be  safely 
used  at  a  lower  temperature ;  hence  a  stifier  ink  must  be  used.  Now,  if  the 
temperature  should  increase  so  much  that  the  stone  will  soil  with  any  ink  at  all 
less  thick  than  that  which  will  take  up  the  drawing,  it  is  evident  that  the  print- 
ing must  cease  till  a  cooler  temperature  can  be  obtained ;  for  #8  the  drawing 
chalk  is  effected  equally  with  the  printing  ink,  the  same  ink  will  tear  up  the 
drawing  at  the  different  degrees  of  temperature.  This,  though  it  sometimes 
occurs,  is  a  rare  case ;  but  it  shows  that  it  is  desirable  to  draw  with  a  chalk  or 
ink  of  less  fatness  in  summer  than  in  winter ;  and  also,  that  if  the  printing 
room  is  in  winter  artificially  heated,  pains  should  be  taken  to  regulate  the  heat 
as  equally  as  possible. 

Other  DifficuUies  in  Printing^  not  referable  to  the  foregoing  general  Principle. — 
If  the  pressure  of  the  scraper  be  too  weak,  the  ink  will  not  be  given  off  to  the 
paper  in  the  impression,  although  the  drawing  has  been  properly  charged  with 
It.  Defects  will  also  appear  from  the  scraper  being  notched,  or  not  correctly 
adjusted,  or  from  any  imevenness  in  the  leather  or  paper.  After  printing  a 
considerable  number  of  impressions,  it  sometimes  happens  that  the  drawing 
takes  the  ink  in  dark  spots  m  different  parts.  This  arises  from  the  printing 
ink  becoming  too  strongly  united  with  the  chalk  or  ink  of  the  drawing,  and  if 
the  printing  be  continued,  the  drawing  will  be  spoiled.  The  reason  of  this  ii 
easily  ascertained.  The  printing  iuK  readily  unites  with  the  drawing,  and 
beine  of  a  thinner  consistency,  it  will,  by  repeated  applications,  accumulate  on 
the  Imes  of  the  drawing,  soften  them,  and  make  them  spread.  In  this  case,  il 
it  necessary  to  stop  the  printing,  and  let  the  stone  rest  for  a  day  or  two,  for  the 
drawing  to  recover  its  proper  degree  of  hardness.  If  the  drawing  should  run 
smutty  from  any  of  the  causes  before  enumerated,  the  following — 

Mixture  for  cleaning  the  Drawing  while  printing  must  be  used. — ^Take  equal 
parts  of  water,  spirits  of  turpentine,  and  oil  of  olives,  and  shake  them  well 
together  in  a  glass  phial,  until  the  mixture  froths ;  wet  the  stone,  and  throw 
this  froth  upon  it,  and  rub  it  gently  with  a  soft  sponge.  The  printing  ink 
will  be  dissolved,  and  the  whole  drawing  wiU  also  disappear,  though,  on  a  close 
examination,  it  can  be  distinguished  in  faint  white  lines.  On  rolling  it 
again  with  printing  ink,  the  drawing  will  gradually  re-appear,  as  clear  as 
at  first. 

Bleached  Paper  unfit  for  Litho^aphie  Printing. — Accidents  sometimes  occur 
in  the  printing  from  tne  qualities  of  the  paper.  If  the  paper  have  been 
made  from  rags  which  have  been  bleached  with  oxy-muriatic  acid,  the  draw- 
ing will  be  incurably  spoiled  afler  thirty  impressions.  Chinese  paper  has  some- 
times a  strong  taste  of  alum  ;  this  is  so  fatal,  as  sometimes  to  spou  the  drawing 
after  the  first  impression.  When  the  stone  is  to  be  laid  by  after  printing,  in 
order  that  it  may  be  used  again  at  a  future  period,  the  drawing  should  be  rolled 
in  with  a — 

Preserving  Ink;  as  the  printing  inks  would,  when  dry,  become  so  hard, 
that  the  drawings  would  not  take  fresh  printing  ink  freely.  The  following 
is  the  composition  of  the  printing  ink: — Two  parts  of  thick  varnish  of 
linseed  oil,  four  parts  of  tallow,  one  part  of  Venetian  turpentine,  and  one 
part  of  wax.  These  must  be  melted  together,  then  four  parts  of  lamp  black, 
very  carefully  and  gradually  mixed  with  it,  and  it  must  be  preserved  for  use 
in  a  close  tin  box. 

Autoaraphic  Ink,  or  that  which  is  suitable  for  transferring  on  to  the 
stone  the  writings  or  drawings  which  have  been  executed  on. paper  prepared 
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for  that  purpose,  should  possess  the  foUowiag  properties.  The  ink  ought 
to  be  mellow,  and  somewhat  thicker  thao  that  used  immediately  oii  stone ; 
so  that  when  it  is  diy  on  the  paper,  it  may  still  be  sufficiently  viscous  to 
cauae  adherence  to  the  stone  by  simple  pressure.  The  following  is  the  com- 
position. Dry  soap,  and  white  wax  free  from  tallow,  each  100  drachms, 
mutton  suet,  30  drachms,  shellac  and  mastic,  each  50  drachms,  lamp  black,  30 
to  35  drachms ;  these  materials  are  to  be  melted  in  the  way  described  for  litho- 
graphic ink.    (See  Ink,  Lithographic) 

Auioyraphic  Paper, — ^The  operation  by  which  a  writing  or  drawing  is  tranft- 
ferred  fit>in  paper  to  stone,  not  only  affords  the  means  of  abridging  labour,  but 
slso  o(  producing  the  writings  or  drawings  in  the  same  directions  in  which  they 
have  been  traced;  whereas,  when  they  are  executed  immediately  on  stone, 
they  must  be  performed  in  a  direction  opposite  to  that  which  they  are  eventually 
to  hare.     Thus  it  is  necessary  to  draw  those  objects  on  the  left,  which,  in  the 
impression,  are  to  be  on  the  right  hand.   To  acquire  the  art  of  reversing  subjects 
when  writing  or  drawing,  is  both  difficult  and  tedious ;  while,  by  the  aid  of 
toansparent,  and  of  autographic  paper,  impressions  may  be  readily  obtained  in 
the  taine  direction  as  that  in  which  the  writing  or  the  drawing  has  been  made. 
In  order  to  make  a  transfer  on  to  stone  of  a  writing,  a  drawing  in  litho- 
graphic ink,  or  in  crayons,  or  an  impression  from  a  copper  plate,  it  is  necessary 
lit,  tliat  the  drawing  or  transcript  should  be  on  a  thin  and  flexible  substance, 
fodi  as  common  paper ;  2d,  that  it  should  be  capable  of  being  easily  detached 
from  this  substance,  and  transferred  entirely  on  to  the  stono,  by  means  of  pres- 
rare.     But  as  the  ink  with  which  a  drawing  is  traced  penetrates  the  paper  to  a 
certain  depth,  and  adheres  to  it  with  considerable  tenacity,  it  would  be  difficult 
to  detach  them  perfectly  from  each  other,  if,  between  the  paper  and  the  draw- 
ing, some  substance  was  not  interposed,  which,  by  the  portion  of  water  which 
it  is  capable  of  imbibing,  should  so  far  lessen  their  adhesion  to  each  other,  that 
tbey  may  be  completely  separated  in  every  point     It  is  to  effect  this  that  the 
paper  is  prepared,  by  covering  it  with  a  size,  which  may  be  written  on  with 
neility,  and  on  which  the  finest  lines  may  be  traced  without  blotting  the  paper. 
Various  means  may  be  found  of  communicating  this  property  to  paper.    The  fol- 
lowing preparation  has  always  been  found  to  succeed,  and  which,  when  the  opera- 
tion is  performed  with  the  necessary  precautions,  admits  of  the  finest  and  most 
delicate  lines  being  perfectly  transferred,  without  leaving  the  faintest  trace  on 
tbe  paper.     For  this  purpose,  it  is  necessary  to  take  a  strong,  unsized  paper, 
sod  to  spread  over  it  a  size  prepared  of  the  following  materials:  starch,  120, 
gum  araoic,  40,  and  alum,  21  drachms.   A  moderately  thick  paste  is  made  with 
tbe  starch,  by  means  of  heat ;  into  this  paste  is  thrown  the  gum  Arabic  and  the 
alum,  which  have  been  previously  dissolved  in  water,  and  in  separate  vessels. 
The  whole  is  mixed  well  together,  and  it  is  applied  warm  to  the  sheets  of  paper, 
by  means  of  a  brush,  or  a  large  flat  hair  pencil.     The  paper  may  be  coloured 
by  adding  to  the  size  a  decoction  of  French  berries,  in  the  proportion  of  ten 
drachms.     After  having  dried  this  autographic  paper,  it  is  put  into  a  press,  to 
flatten  the  sheets,  and  they  are  made  smooth  by  placing  them,  two  at  a  time, 
on  a  stone,  and  passing  them  under  the  scraper  of  the  lithographic  press.     If, 
on  trying  this  paper,  it  is  found  to  hare  a  tendency  to  blot^  this  inconvenience 
may  be  remedied  by  nibbing  it  with  finely-powdered  sandarac.     Annexed  is 
mother  recipe,  which  will  be  found  equally  useful,  and  which  has  the  advantage 
of  being  applicable  to  thin  paper,  which  has  been  sized.     It  requires  only  that 
the  paper  be  of  a  firm  texture ;  namely,  gum  tragacanth,  4  drachms ;  glue,  4  ; 
Spanisn  white,  8 ;  and  starch,  4  drachms. 

The  tragacanth  is  put  into  a  large  quantity  of  water  to  dissolve,  thirty-six 
boors  before  it  is  mixed  with  the  other  materials ;  the  glue  is  to  be  melted 
over  the  fh'e  in  the  usual  manner.  A  paste  is  made  with  the  starch ;  and  afler 
barmg,  whilst  warm,  mixed  these  several  ingredients,  the  Spanish  white  is  to 
be  added  to  them,  and  a  layer  of  the  sizing  is  to  be  spread  over  the  paper,  as 
fiheady  described,  taking  care  to  agitate  the  mixture  with  the  brush  to  the 
bottom  of  the  vessel,  that  the  Spanish  white  may  be  equally  distributed 
tbroughoiit  the  liquid.     We  will  hereafler  point  out  the  manner  in  which  it  is 
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necessary  to  proceed,  in  order  to  transfer  writings  and  drawings.  Tbere  are 
two  autoerapnic  processes  which  facilitate  and  abridge  this  kind  of  work  when  it 
is  desired  to  copy  h  fac-simile,  or  a  drawing  in  lines.  The  first  of  these  methods 
is  to  trace,  with  autographic  ink,  any  subject  whatever,  on  a  transparent  paper, 
which  is  free  from  grease  and  from  resin,  like  that  which,  in  commerce,  is 
knovm  by  the  name  of  papier  vSgStaiy  and  to  transfer  it  to  stone ;  this  paper  to 
be  covered  with  a  transparent  size :  this  operation  is  difficult  to  execute,  and 
requires  much  address,  in  consequence  of  the  great  tendency  which  this  paper 
has  to  cockle  or  wrinkle  when  it  is  wetted.  Great  facilities  will  be  founa  from 
using  tissue  paper,  impregnated  with  a  fine  white  varnish,  and  afterwards  sized 
over.  In  the  second  process,  transparent  leaves,  formed  of  gelatin,  or  fish  glue, 
are  employed,  and  the  design  is  traced  on  them  with  the  dry  point,  so  as  to 
make  an  incision ;  these  traces  are  to  be  filled  up  with  autographic  ink,  and 
then  transferred.  We  will  describe,  in  their  proper  places,  these  processes,  as 
well  as  that  of  transferring  a  lithographic  or  a  copper-plate  engraving. 

Autographic  Processes, — ^To  transfer  a  drawing  or  writing  to  stone,  it  is  made 
with  ink  on  paper,  both  prepared  in  the  way  we  have  described.  A  crayon 
drawing  may,  on  an  emergency,  be  executed  autographically ;  but  this  mode  of 
procedure  is  too  imperfect  to  admit  of  procuring,  by  its  means,  neat  and 
perfect  proofs ;  besides,  it  is  as  expeditious  to  draw  immediately  on  the  stone. 

In  order  to  write,  or  to  draw  on  auto^aphic  paper,  a  little  of  the  ink  of 
which  we  have  given  the  composition  is  diluted  with  water,  taking  care  to 
use  only  rain-water,  or  such  as  will  readily  dissolve  soap.  The  solution  is 
facilitated  by  slightly  wanning  the  water  in  the  cup ;  and  the  ink  is  dissolved 
by  rubbing  the  end  of  a  stick  of  it  in  the  manner  practised  with  Indian  ink. 
lliere  should  be  no  more  dissolved  at  a  time  than  will  be  used  in  a  day,  for  it 
does  not  re-dissolve  so  well,  neither  is  the  ink  so  good,  particularly  for  delicate 
designs,  after  it  has  been  left  to  dry  for  several  days.  Tnis  ink  should  have  the 
consistence  of  rather  thick  cream,  so  that  it  may  form  very  black  lines  upon 
the  paper ;  if  these  lines  are  brown,  good  impressions  will  not  be  obtained.  A 
sheet  of  white  paper  is  placed  under  the  hand  while  writing,  in  order  that  it 
may  not  grease  the  autographic  paper. 

'  The  stone  used  for  autography  should  be  polished  with  pumice-stone,  and  the 
impressions  will  be  neat  in  proportion  as  the  stone  is  well  polishied.  Auto- 
graphic work  may  be  executed  either  cold  or  warm  ;  that  is,  taking  the  stone 
at  its  ordinary  temperature,  or  making  it  warm  by  placing  it  near  to  the  fire, 
or  exposing  it  to  the  heat  of  the  sun ;  if  the  first  means  of  warming  be  used, 
care  must  be  taken  that  the  fire  be  not  too  hot,  or  it  will  crack  the  stone ;  the 
temperature  given  to  it  should  be  about  that  of  an  earthen  vessel  filled 
with  lukewarm  water.  The  work  may  be  done,  though  less  perfectly,  without 
warming  the  stone.  When  the  stone  is  thus  prepared,  it  is  nxed  in  the  press, 
and  the  paper  on  which  the  writing  is  made  is  applied  to  it.  The  stone  may  be 
rubbed  witn  a  linen,  slightly  moistened  with  spirits  of  turpentine ;  and  in  every 
case  it  is  necessary  that  it  be  made  perfectly  clean.  The  turpentine  b  left  to 
evaporate ;  and  from  five  to  eight  minutes  before  the  paper  is  applied,  it  is 
wetted  with  a  sponge  and  water  on  the  reverse  side  to  that  on  which  the 
wridng  is  done,  so  that  the  moisture  may  penetrate  throughout  eveiv  part. 
The  water,  however,  must  not  appear  on  the  paper  when  it  is  about  to  be  laid 
on  the  stone;  but  any  superabundance  which  may  remain  on  it  must  be 
removed  by  a  pressed  sponge.  When  the  paper  is  brought  to  the  proper  state, 
it  is  taken  by  both  hanas  at  one  of  its  extremities,  and  placed  lightly  and  gra- 
dually upon  the  stone,  so  that  there  may  be  no  plaits  formed  in  it,  and  that  it 
may  be  equally  applied  over  its  whole  surface.  Care  must  be  taken  so  to  fix 
the  scraper  that  it  may  bear  steadily  on  the  autographic  paper;  for  if  it  removes 
it  at  all  it  will  change  the  place  of  pressure,  and  the  lines  will  be  doubled. 
There  should  be  at  hand  five  or  six  sheets  of  very  even  mackle  paper,  so  that 
they  may  be  changed  with  each  impression.  The  paper  on  whicn  the  writing 
or  drawing  is  made  being  placed  on  the  stone,  it  is  covered  with  a  sheet  of 
mackle  paper,  and  subjected  to  a  slight  action  of  the  press ;  then  to  a  second,  a 
third,  or   even  to  more,  until  it  is  believed  that   the   writing  is  perfectly 
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tmnsferrecL  At  each  stroke  of  the  press  the  mackle  paper,  which  has  imhihed 
moisture,  is  withdrawn,  and  a  dry  sheet  substituted  in  its  place.  All  these 
openUions  require  to  be  performed  with  expedition  and  dexterity,  particularly 
vnen  the  stone  is  warm.  The  next  thing  is  to  detach  the  autograpliic  paper, 
vhich  wfll  be  found  adhering  closely  to  the  stone.  To  effect  this,  it  is  well 
wetted  with  a  sponge,  so  that  every  part  of  it  may  be  perfectly  penetrated  by 
the  water ;  it  may  then  be  removed  with  facility,  entirely  detacned  from  the 
writing,  which  will  remain  adhering  strongly  to  the  stone.  If  this  operation, 
vhich  requires  much  practice,  be  well  performed,  there  will  not  be  found  the 
iliffhtest  trace  of  ink  remaining  on  the  paper.  Should  there  be  any  lines  not 
well  marked  on  the  stone,  they  may  oe  retouched  with  a  pen ;  or,  which  is 
better^  with  a  hair  pencil  and  ink ;  but  when  this  is  done,  care  must  be  taken 
that  the  stone  is  quite  dry«  A  part  of  the  sizing  of  the  paper  may  be  found 
dissolved  and  adhering  to  the  stone;  this  may  be  removed  by  washing  or 
slightly  rubbing  it  with  a  wet  sponge.  The  stone  is  then  prepared  with  aqua- 
fortis, and  the  impression  taken. 

Autography  is  not  confined  to  the  transferring  of  writings  or  drawings  done 
with  autographic  ink ;  by  its  means  a  transfer  may  be  obtained  from  a  sheet  of 
ordinary  printed  paper,  and  with  such  exactness,  that  it  would  be  impossible, 
excepting  to  well-practised  eyes,  to  perceive  the  least  difference  between  that 
printed  in  the  usual  way,  and  that  which  was  the  result  of  the  autographic 
process.  This  mode  is  very  useful  when  it  is  desired  to  unite  oriental  cha- 
racters, which  might  not  be  possessed  with  words,  phrases,  or  lines  composed  in 
ordinary  typography.  In  this  way  have  been  executed,  in  the  office  of  the 
Count  M.  C.  de  Lasteyrie,  at  Paris,  (from  whose  papers  on  tliis  subject,  contained 
in  the  Journal  des  Connamances  UtueUeSf  and  translated  by  the  learned  editor  of 
the  FraMm  Journal^  our  account  of  this  art  is  largely  indebted,)  many  pieces,  in 
which  the  French  or  the  Latin  language  was  intermixed  with  words  or  phrases 
in  Chinese  or  Arabic.  In  the  same  way  have  also  been  executed  typographic 
mspe,  in  which  all  the  details  were  lithographic,  while  the  names  of  places 
were  at  fixwt  produced  by  typography,  and  afterwards  by  autography.  This 
operation  ia  begun  by  composing  ana  arranging,  in  a  typographic  form,  the 
words,  the  phrases,  or  the  lines,  as  they  ought  to  stand.  The  autographic 
paper  ia  prmted  on  by  this  form,  and  the  words  in  the  oriental  languages  are 
sfterwards  written  in  the  spaces  which  had  been  lefl  for  them ;  the  whole  is 
trmsferred  to  a  stone,  which  is  prepared  for  the  purpose,  and  from  which  the 
impression  u  taken  in  the  usual  manner.  Tlie  same  mode  is  pursued  in  making 
geographical  maps.  After  having  printed  the  names  on  autographic  paper,  the 
oth^  parts  of  the  map,  but  without  the  names,  are  drawn  immediately  on  the 
■tone ;  and  after  havmg  printed  the  names  on  white  paper,  the  map  drawn 
upon  the  stone,  is  printed  on  this  same  paper. 

Maps,  or  line  engravings  on  copper,  where  the  work  is  not  very  close,  may 

be  miutiplied  in  a  similar  way.  For  this  purpose  the  plate  of  copper  is  covered 

orer  with  the  autoeraphic  inx,  diluted  to  a  convenient  consistence.     Instead  of 

the  autographic  ink,  a  composition  is  sometimes  used,  made  of  one  ounce  of 

wax,  one  ounce  of  suet,  and  three  ounces  of  the  ink  with  which  the  ordinary 

impressions  in  lithography  are  taken.     The  whole  is  warmed  and  mixed  well 

together,  and  there  is  a  little  olive  oil  added  to  the  composition,  if  it  is  not 

liquid  enough  to  spread  itself  over  the  plate ;  the  plate  ought  to  be  warmed  as 

nsQsL     Alter  havmg  taken  the  impression  in  the  rolling  press  on  a  sheet  of 

antogrsphic  paper,  the  transfer  may  be  immediately  made  on  the  stone,  aAer 

hiving  nibbed  it  with  a  sponge,  dipped  in  turpentine.     It  is  necessary  to  give 

three,  four,  or  even  more  strokes  of  the  press,  increasing  the  pressure  at  every 

nccessive  stroke ;  the  other  processes,  which  we  have  alreaay  described,  are 

likewise  to  be  followed.     It  is  well  to  wait  twenty-four  hours  before  preparing 

the  stone,  in  order  that  it  may  be  better  penetrated  by  the  transferrins;  ink ;  it 

ii  then  gummed  and  washed,  and  is  ready  for  use. .  Tliis  process,  wnich  has 

not  yet  come  much  into  use  amongst  lithographers,  merits  the  attention  of 

vtitts ;  for  it  affords  the  means  of  re-producing  and  multiplying  geographical 

charts,  and  some  kinds  ^of  engravings  indefinitely,   so   that  they  mij^nt  he 
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furnished  at  a  quarter  of  their  present  actual  value ;  in  fact,  all  those  which  are 
done  in  lines,  or  those  in  which  the  shadows  are  boldly  executed^  are  capable 
of  re-producing  good  impressions  by  means  of  autography.  The  operation 
becomes  extremely  difficult  when  it  is  necessary  to  transfer  fine  line  engrav- 
ings ;  the  lines  of  these  are  so  delicate,  and  so  near  to  each  other,  that  they 
either  do  not  take  well  on  the  stone,  or  are  apt  to  be  crushed  and  confounded 
together  by  the  effect  of  the  pressure.  Much  practice  and  address  are  neces- 
sary to  obtain  tolerable  impressions ;  and  this  part  of  the  art  requires  improve- 
ment. In  the  office  of  M.  de  Lasteyrie,  they  had  succeeded  in  transferring  to 
stone  a  small  highly-finished  engraving,  which  had  been  printed  on  common 
half-sized  paper.  Afler  having  dry-polished  a  stone  very  perfectly,  it  was 
warmed,  ruubed  with  spirits  of  turpentine,  and  then  the  engraving  was  applied  to 
it.  This  liad,  however,  been  previously  dipped  into  water,  then  coverea  on  the 
reverse  side  with  turpentine,  passed  again  through  the  water,  so  as  to  remove 
the  superfluous  turpentine,  and  then  wiped  with  unsized  paper.  In  this  state 
the  engraving,  still  damp  with  the  turpentine,  was  applied  to  the  stone  and  sub- 
mitted to  pressure,  when  it  afforded  very  good  impressions;  the  preparation 
not  being  applied  until  it  had  remained  on  the  stone  for  twenty-four  hours. 
The  difficulties  increase,  of  course,  in  proportion  to  the  size  of  the  engravings 
which  it  is  desired  to  transfer  to  the  stone.  Attempts  have  been  made  to 
transfer  old  engravings ;  they  have,  howeveri  succeeded  but  imperfectly.  It 
would  be  rendering  an  essential  service  to  the  art  to  discover  a  mode  of  re-pro- 
ducing old  engravings  by  means  of  autography ;  the  undertaking  presents 
difficulties,  but  from  the  attempts  made,  success  does  not  seem  improbable. 

Printing  from  two  or  more  Stones  with  d^erent  Coloured  Inks. — ^This  is 
managed  by  preparing  a  composition  of  two  parts  of  wax,  one  of  soap,  and  a 
little  vermilion.  Melt  them  in  a  saucepan,  and  cast  them  into  sticKs ;  this 
must  be  rubbed  up  with  a  little  water  to  the  thickness  of  cream,  and  applied  to 
the  surface  of  a  polished  stone.  An  impression  is  taken  in  the  common  way  from 
a  drawing,  and  applied  to  a  stone  prepared  in  this  manner,  and  passed  through  the 
press,  taking  care  to  mark,  by  means  of  this  impression,  two  points  in  the  margin 
corresponding  on  each  of  the  stones.  The  artist,  having  thus  on  the  second  stone 
an  impression  from  the  first  drawing  to  guide  him,  scrapes  away  the  parts 
which  he  wishes  to  remain  white  on  the  finished  impression.  The  stone  must 
now  be  etched  with  acid  stronger  than  the  common  etching  water,  having  ont 
part  of  acid  and  twenty  of  water ;  the  whole  is  then  washed  off  with  turpen- 
tine :  this  plan  is  generally  used  in  printing  a  middle  tint  from  the  second 
stone  ;  the  black  impression  being  given  from  the  first  stone,  a  flat  transparent 
brownish  tint  is  given  from  the  second,  and  the  white  lights  are  where  the  paper 
is  left  untouched.  The  dots  are  necessary  to  regulate  the  placing  of  the  paper 
on  the  corresponding  parts  of  the  two  stones. 

LITMUS.     See  Archil. 

LIXIVIATION  is  the  application  of  \«ater  to  the  fixed  residue  of  bodies,  for 
the  purpose  of  extracting  the  saline  part. 

LOCK.  A  secret  fastening  for  doors  and  similar  things,  provided  with  an 
arrangement  of  mechanism  designed  to  prevent  the  introduction  or  successful 
operation  of  any  instrument  but  that  which  has  been  made  to  fit  it,  called  the 
key :  there  is  consequently  a  numerous  variety  of  kinds,  qualities,  and  sizes.  A 
good  lock  has  justly  been  regarded  as  the  masterpiece  of  smithery.  Locks  are 
of  great  antiquity ;  according  to  M.  Denon,  they  were  known  in  Egypt  more 
than  4000  years  ago,  which  he  inferred  firom  some  sculptures  on  the  great 
temple  at  Kamac,  representing  locks  similar  to  those  now  used  in  that  country. 
It  would  be  difficult  to  trace  the  earliest  introduction  of  locks  into  this  country ; 
but  there  is  much  evidence  showing  that  very  curious  and  secure  locks  were 
made  many  centuries  ago.  It  appears,  also,  from  the  celebrated  MSS.  of  '*  the 
famous  earl  of  Glamorgan,"  entitled  **A  Century  of  tJie  Name*  and  Scanttinga  of 
sftch  Inventions"  &c.  as  he  could  "  call  to  mind  to  have  tried  and  perfected," 
(his  notes  being  lost,)  that  the  art  of  lock-making  was  then  by  no  means  in  its 
infancy,  as  he  refers  to  things  as  if  they  were  then  well  known  which  we  now 
regard  as  important  securities  to  locks  ;    and  some  of  them  are  commonly 
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considered  as  being  of  recent  invention.  For  these  reasons  we  think  it  will  not  be 
amiss  to  introduce  in  this  place  some  of  the  **  scantlin^fs  "  alluded  to.  Making 
some  allowance  for  the  quackery  of  the  noble  boaster,  the  reader,  who  m 
acquainted  with  the  construction  of  our  modem  locks,  will  recognise  much  that 
is  now  in  use  to  produce  similar  effects. 

"  69.  A  way  now  a  little  triangle-screwed  key,  not  weighing  a  shilling,  shall 
be  capable  and  strong  enough  to  bolt  and  unbolt  round  about  a  great  chest,  an 
hundred  bolts,  through  fifty  staples,  two  in  each,  with  a  direct  contrary  motion, 
and  as  many  more  from  both  sides  and  ends ;  and,  at  the  self-same  time,  shall 
fiMten  it  to  the  place  beyond  a  man's  natural  strength  to  take  it  away ;  and  in 
ooe  and  the  same  turn,  both  locketh  and  openeth  it." 

"  70.  A  key  with  a  rose-tumine  pipe  and  two  roses  pierced  through  endwise 
the  bit  thereof,  with  several  handsomely-contrived  wards,  which  may  likewise 
do  the  aame  efl^cts." 

*'  71.  A  key  perfectly  square,  with  a  screw  turning  within  it,  and  more  con- 
ceited than  any  of  the  rest,  and  no  heavier  than  the  triangle-screwed  key,  and 
doth  the  same  effects." 

*'  72.  An  escutcheon  to  be  placed  before  any  of  these  locks  with  these  pro- 
perties. Firsty  the  owner,  though  a  woman,  may,  with  her  delicate  hand,  vary 
die  ways  of  coming  to  open  the  lock  ten  millions  of  times  beyond  the  know- 
ledge pf  the  smith  that  made  it,  or  of  me  who  invented  it.  Second,  if  a 
itraoger  open  it,  it  setteth  an  alarum  a-going,  which  the  stranger  cannot 
stop  from  running  out ;  and  besides,  though  none  should  be  within  hearing,  yet 
it  catcheth  his  hand  as  a  trap  doth  a  fox ;  and  though  far  from  maiming  him, 
jeC  it  leareth  such  a  mark  behind  it  as  will  discover  him  if  suspected ;  the 
ncotcbeon  or  lock  plainly  showing  what  money  he  hath  taken  out  of  the  box 
to  a  farthing,  and  how  many  times  opened  since  the  owner  had  been  at  it." 

"The  means  of  giving  security  to  locks,"  Mr.  Ainger  observes,  "  are  of  two 
kinds.  The  first  consists  in  numerous  obstacles  (commonly  called  ward*)  to  the 
Masage  of  the  key,  which  requires,  therefore,  a  peculiar  form  to  evade  them. 
The  second  consists  in  a  number  of  impediments  to  the  motion  of  the  bolt ; 
those  impediments  being  so  contrived  that  their  absolute  and  relative  positions 
amst  be  chanced  before  the  bolt  can  be  withdrawn."  To  these  two  Mr.  Ainger 
■igfat  hare  added  the  '<  roit-twrmngpipe"  and  the  ''  secret  escutcheon*'  from  the 
(bregoing  "scantlings,"  which  also  constitute  impediments  to  many  modem 
keka.  Means  of  the  first  class  are  defective,  because  a  surreptitious  instrument 
need  not  thread  the  mazes  of  the  wards ;  it  escapes  them  by  taking  a  path  out- 
ade  of  them  to  the  bolt,  which  is  unavoidably  left  for  the  passage  of  the 
extremity  of  the  key.  Complexity  in  the  form  of  the  wards,  therefore,  affords 
•o  abscdute  security  against  the  determined  initiated  picker  of  locks,  as  he  can 
take  an  impression  of  the  position  of  the  wards,  and  make  an  instrument  (or 
dbeleton)  that  will  avoid  most  of  them,  and  take  the  most  direct  path  to  the 
bolt  or  its  guards.  The  guards  or  impediments  to  the  motion  of  the  holt  are 
called  tumblers.  A  tumbler  usually  consists  of  a  small  lever,  one  end  of  which 
baa  a  little  projection,  which  latches  into  a  notch  cut  into  the  bolt,  and  is  kept 
down  by  a  spnng.  It  is  therefore  the  business  of  the  key,  after  it  has  passed 
die  waHs,  to  raise  this  tumbler  out  of  the  notch  entirely  before  the  bolt  can  be 
aored,  the  latter  motion  being  effected  by  the  further  motion  of  the  key  against 
a  cDnred  portion  of  the  bolt.  Great  exactness  in  the  length  of  the  bit  of  the 
key  it  thmfore  necessary  to  make  these  parts  act  properly.  If  the  key  be  too 
long,  it  eannot  enter  the  curved  portion,  and  the  tumbler  is  not  reached ;  and 
if  it  be  too  short,  bv  only  the  thickness  of  a  sheet  of  writing  paper,  the  tumbler 
cannot  thereby  be  lifted  quite  out  of  the  notch,  and  the  bolt  is,  in  consequence, 
tmmovablt.  Sometimes  the  key  has  a  step  or  notch  which  acts  upon  the 
tumbler,  whilst  the  other  portion  of  the  end  of  the  key  acts  upon  the  bolt, 
which  adds  to  the  difficulty  of  false  keys.  A  single  tumbler,  therefore,  con- 
idtatea  a  certain  degree  of  security,  and  they  are  usually  applied  to  locks  of  a 
■wdiura  quality.  But  as  this  addition  to  a  lock  increases  the  cost  about  six- 
pence, tlie  commonest  or  cheapest  locks  have  no  tumbler,  the  bolt  being  held 
a  the  poaition  in  which  the  key  puts  it  by  the  pressure  of  a  spring.     Locks 
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are,  however,  made,  not  only  without  tumblers,  but  even  without  wardS)  for 
very  common  purposes ;  and  being  sufficientlv  secure  for  their  objects,  and 
extremely  cheap,  they  are  manufactured  in  immense  quantities,  chiefly  at 
Wolverhampton. 

In  1774  a  great  improvement  in  the  art  of  lock-making  In  this  country  was 
made  by  Barron,  who  took  out  a  patent  for  it ;  it  consisted  in  the  employment 
of  t\K-o  or  more  tumblers,  of  the  same  construction  as  the  single  one  before 
described,  but  so  arranged  that  they  must  be  operated  upon  at  different  times, 
or  altogether,  and  be  moved  through  different  spaces,  so  as  to  take  them  com- 
pletely out  of  their  notches,  and  set  the  bolt  free  to  be  acted  upon.  The  proper 
key  has  therefore  a  number  of  steps  at  the  end  of  the  bit,  exactly  adapted  to 
move  the  tumblers  through  the  required  spaces ;  and  as  this  arrangement  admits 
of  almost  endless  variations,  and  is  extremely  simple  in  itself,  very  beautiful 
and  secure  locks  have  continued  to  be  manufactured  on  the  principle  ever  since 
it  was  brought  before  the  public.  The  facilities  of  "  getting  them  up"  are  now 
so  great  at  Wolverhampton  and  Birmingham,  by  the  application  of  machinery 
for  fabricating  the  separate  parts  of  these  (as  well  as  other)  locks,  chiefly  by 
stamping,  that  the  wholesale  price  of  a  good  Barron's  patent  cabinet  lock  does 
not  exceed  two  shillings ;  the  sale  of  them  is  consequently  very  great. 

Although  no  doubt  can  be  entertained  that  Barron  really  invented  the  lock 
we  have  been  noticing,  it  appears  from  the  statements  of  Mr.  Ainger,  that  the 
Egyptian  locks  now  in  use  are  constructed  upon  the  same  principle  as  Bar- 
ron's ;  and  as  these  modem  Egyptian  locks  are  the  same  as  those  observed 
upon  the  great  temple  at  Karnac,  the  invention  which  we  have  been  regarding 
as  our  countrvman  s,  and  of  modem  date,  is  upwards  of  4000  years  old.     The 
bolt  and  a  fixed  part  of  the  Egyptian  lock  are,  as  described  by  Mr.  Ainger, 
each  pierced  with  any  number  of  holes,  arranged  in  any  chosen  form  ;  those  in 
the  bolt  and  in  the  fixed  part  coinciding  when  the  bolt  is  locked.     These  bolts 
are  occupied  by  pins,  which  are  contained  in  the  fixed  part,  and  descend  into 
the  bolt,  so  as  to  prevent  its  motion  till  they  are  removed  wholly  into  the  fixed 
part.     This  is  effected  by  a  key  having  the  same  number  and  arrangement  of 
pins,  and  of  such  a  length,  that  they  elevate  the  ends  of  the  pins  in  tne  lock,  to 
the  plane  of  motion  between  the  bolt  and  the  fixed  part     This  key  is  intro- 
duced laterally  through  a  long  tube,  at  the  end  of  which  it  acts  vertically  upon 
the  pins,  whose  position  therefore  it  is  difiicult  to  ascertain.     The  oame  prin- 
ciple   was   afterwards   adopted   by   Mr.  Bramah,    (who   took   out   a  patent 
for  it  in  1 784,)  but  without  the  assistance  of  wards ;  his  mode  of  application 
was,  however,  very  different  from  the  Egyptian.  In  the  latter  the  secunty  arose 
from  a  concealment  of  the  number  and  position  of  the  impediments ;  in  Mr. 
Bramah 's  these  were  discoverable  on  inspection,  and  the  security  depended  on 
the  various  degrees  of  motion  which  the  several  impediments  required  before 
the  bolt  could  he  moved.     The  office  which  in  ordinary  locks  is  performed  by 
the  extreme  point  of  the  key,  is,  in  Bramah's,  assigned  to  a  lever,  which 
cannot  approach  the  bolt  till  every  part  of  the  lock  has  undergone  a  change  of 
position.    The  lock  may  be  described  as  consisting  of  a  common  axis,  on  which 
six  levers,  crossing  the  face  of  the  lock,  are  united  as  in  a  joint    Each  of  these 
rests  upon  a  separate  spring,  sufficiently  strong  to  bear  its  weight,  or  if  depressed 
by  a  superior  force,  to  restore  it  to  its  proper  position  when  that  force  is  removed. 
The  levers  pass  through  a  frame  by  separate  grooves,  exactly  fitted  to  their 
width,  but  of  sufficient  depth  to  ^low  them  a  free  motion  in  a  perpendicular 
direction.     The  joint  or  carriage  of  the  levers,  and  the  springs  on  which  they 
rest,  are  fixed  on  a  circular  platform,  turning  on  a  centre,  and  the  motion  of 
this  platform  impels  the  bolt  in  either  direction  by  means  of  a  lever.     The 
inviolable  restraint  upon  this  lock,  by  which  means  it  is  subjected  only  to  the 
action  of  the  key,  is  lodged  in  a  thin  plate,  bearing  at  each  extremity  on  a 
block,  and  having  of  course  a  vacant  space  beneath,  equal  in  height  to  the 
thickness  of  the  block  on  which  it  rests.     By  this  plate  the  motion  of  the 
machine  is  checked  or  guided  in  the  following  manner : — on  the  edge  of  the  plate 
which  faces  the  movement  there  are  six  notches,  which  receive  the  ends  of  the 
levers  projecting  beyond  the  frame ;  and  while  they  are  confined  in  this  manner, 
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Um  motion  of  ibe  maclilne  Is  go  totally  suspended  as  to  defy  every  power  of  art 
to  overcome.    To  understand  in  what  manner  the  proper  key  of  this  lock  over^ 
enmMt  these  obstacles,  it  must  be  observed  that  each  lever  has  a  notch  on  ils 
ex  reniity,  and  that  those  notches  are  disposed  as  irregularly  as  possible.     To 
give  the  machine  a  capacity  of  motion,  these  notches  must  be  brought  parallel 
to  each  other,  and,  by  a  distinct  but  unequal  pressure  upon  the  levers,  be  formed 
into  a  groove  in  a  direct  line  with  the  edge  of  the  plate,  which  the  notches  ard 
exactly  fitted  to  receive.  The  least  motion  of  the  machine  whilst  the  levers  are 
in  this  position,  will  introduce  the  edge  of  the  plate  into  the  groove,  which  con- 
trolling the  power  of  the  springs,  will  give  liberty  to  tlie  levers  to  move  in  a 
horizontal  direction,  as  far  as  the  space  between  the  blocks  which  support  the 
l^ate  will  admit,  and  which  is  sufficient  to  give  the  machine  the  power  of  acting 
on  the  bolt.     The  key  exliibits  six  different  surfaces,  against  which  the  levers 
«tre  progressively  admitted  in  the  operation  of  opening  the  lock  :  the  irre^- 
larity  of  these  surfaces  shows  the  uneoual  and  distinct  degree  of  pressure  which 
each  lever  requires  to  bring  them  to  tneir  proper  bearings,  in  order  to  put  the 
machine  in  motion.     Hence  it  appears  that  unless  the  various  heights  of  the 
forfaces  expressed  on  the  bit  of  the  kev  are  exactly  proportioned  to  the  several 
distances  necessary  to  bring  the  notches  into  a  straight  line  with  each  other, 
thqr  mnst  remain  immovable.     On  this  principle  it  would  be  a  matter  of  great 
difficulty  for  any  workman,  however  skilful,  to  construct  a  key  for  the  lock 
when  open  to  his  inspection ;    for  the  levers,  being  raised  by  the  subjacent 
springs  to  an  equal  height  in  the  frame,  present  a  plane  surface,  and,  conse- 
(juently,  convey  no  direction  that  can  be  of  any  use  in  forming  a  tally  to  the 
irregular  turfsce  which  they  present  when  acting  in  subjection  to  the  key. 
Unksa  therefore  we  can  contrive  a  method  to  bring  the  notches  in  the  points  of 
the  levers  in  a  direct  line  with  each  other,  and  to  retain  them  in  that  position 
till  an  exact  impression  of  the  irregular  surface,  which  the  levers  will  then 
exhibit,  can  be  taken,  the  workman  will  be  unable  to  fit  a  key  to  the  lock,  or 
to  move  the  bolt     If  such  difficulties  occur  even  when  the  lock  is  open  to  the 
inspection  of  a  skilful  workman,  much  more  must  we  suppose  it  out  of  the 
power  of  one  who  has  not  access  to  the  internal  parts  to  make  a  false  key. 
These  difficulties  render  it  necessary  in  making  locks  of  this  kind  not  to  fit  the 
key  to  the  lock,  but  to  fit  the  lock  to  the  key.  The  key  must  therefore  be  made 
first,  and  the  inequalities  upon  the  surface  of  the  bit  worked  as  chance  or  fancy 
may  direct,  without  any  reference  to  the  lock.     The  key  being  thus  completed 
snd  applied  to  the  sur&ce  of  the  levers,  will,  by  a  gentle  pressure,  force  them 
to  unequal  distances  firom  their  common  station  in  the  frame,  and  sink  their 
points  to  unequal  depths  into  the  space  beneath  the  plate.  While  the  levers  are 
10  this  position,  the  edge  of  the  plate  will  mark  the  precise  point  at  which  the 
notch  on  each  lever  must  be  expressed.  The  notches  being  cut  by  this  direction, 
the  irregularity  which  appears  when  the  levers  resume  their  station  in  the  frame, 
sod  the  inequality  of  the  recesses  on  the  bit  of  the  key,  will  appear  as  a  seal 
and  its  corresponding  impression.     The  moving  of  the  bolt,  or  other  parts  of 
the  lock  whereby  it  may  be  opened,  entirely  depends  on  the  positive  motion  of 
the  levers,  Arc,  as  any  of  them  would,  by  being  pushed  the  least  degree  too 
much  or  too  little,  entirely  prevent  the  bolt  from  being  moved  or  set  at  liberty : 
snd  as  the  whole  of  the  levers  are  restored  to  their  situation  when  the  bolt  is 
vitbdrawn,  the  tally,  or  impression,  is  totally  destroyed,  and,  consequently,  the 
opening  of  the  lock  is  left  wholly  dependent  on  chance  whilst  the  taid  ketf 
m  abtaU,  as  there  is  no  rule  whatever  to  assist  in  discovering  the  required  posi- 
.  tion  of  c«cfa  or  any  of  the  levers,  or  other  movables,  whereby  the  form  or  the 
kar  necessary  to  the  opening  of  the  lock  might  be  ascertained.     Mr.  Bramah 
esleulated  the  number  of  changes  of  position  that  the  levers  of  such  a  lock  are 
CttaUe  of  before  the  right  one  might  be  discovered,  in  the  following  manner : — 
**  Let  us  suppose  the  number  of  levers,  sliders,  or  other  movables,  by  which  the 
lodt  is  kept  shut,  to  consist  of  twelve,  all  of  which  must  receive  a  different 
•&d  distinct  change  in  their  position  or  situation  by  the  application  of  the  key, 
ind  esch  of  them  likewise  capable  of  receixnng  more  or  less  than  its  due,  either 
•f  which  would  be  sufficient  to  prevent  the  intended  effect ;  it  remains,  therefore, 
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to  estimate  the  number  producible,  which  may  be  thus  attempted : — Let  the 
denominations  of  these  levers,  &o  be  represented  by  twelve  arithmetical  pro- 
gressionals,  we  find  that  the  ultimate  number  of  changes  that  may  be  made  in 
their  place  or  situation,  is  479,001,500 ;  and  by  adding  one  more  to  that  number 
of  levers,  &c.,  they  would  then  be  capable  of  receiving  a  number  of  changes 
equal  to  6,227,019,500,  and  so  on  progressively,  by  the  addition  of  others  in 
like  manner,  to  infinity.  From  this  it  appears  that  one  lock,  consisting  of  thir- 
teen of  the  above-mentioned  levers,  sliders,  or  other  movable  parts,  may  (by 
changing  their  places  only,  without  any  difference  in  motion  or  sixe)  be  made 
to  require  the  said  immense  number  of  keys,  by  which  the  lock  coold  only  be 
opened  under  all  its  variations." 

Statements  like  the  foregoing,  apparently  founded  upon  just  reasoning, 
obtained  for  Bramah's  patent  an  extraordinary  degree  of  reputation,  and,  for 
the  patentee,  during  many  years,  a  very  lucrative  trade ;  but  this  and  other 
improvements  induced  a  corresponding  study  in  the  art  of  picking,  which  finally 
obtained  a  triumph  over  Bramah's  invention ;  and  had  it  not  been  for  the  dis- 
covery of  new  means  of  bafliing  the  picker's  art,  by  the  introduction  of  fake 
notches,  the  reputation  of  these  admurable  locks  would  have  been  destroyed ; 
but,  firom  the  apparent  impossibility  of  discovering  the  false  from  the  true 
notches,  or  of  ascertaining  those  which  assist  from  those  which  do  not  assist  in 
the  efiect  the  lock  is  now  deemed  inviolable ;  it  is  manufactured  very  exten- 
sively, and  sold  at  very  moderate  prices. 

In  1805,  Mr.  Stansbury,  an  American,  came  over  to  this  country  with  a  new 
lock,  which  he  patented,  and  was  very  assiduous  in  endeavouring  to  get  it  intro- 
duced ;  in  which  attempt,  however,  he  met  with  so  little  encouragement,  that 
it  might  be  deemed  a  fulure.  Nevertheless,  there  was  sufficient  originality  in 
his  contrivance  to  merit  a  notice  in  this  place :  the  key  was  of  the  ordinary 
shape  of  those  with  a  pipe,  but  longer  and  narrower  in  the  bit,  on  the  lower 
side  of  which  were  a  number  of  pins  projectins^  fi:t>m  its  surface ;  the  key  had 
no  wards,  and  the  lock,  consequently,  none;  the  bolt  was  not  moved  by  the  key 
immediately,  but  through  the  instrumentality  of  a  revolving  circular  plate, 
attached  to,  and  underneath  which,  was  a  fixed  pin,  that  took  into  a  notch  in 
the  bolt ;  it  was  therefore  the  office  of  the  key  to  remove  the  impedimenta  to 
the  motion  of  the  revolving  plate,  which  impediments  consisted  in  a  number  of 
pins  passing  through  it  and  another  fijced  curcular  plate  or  bridge  underneath, 
the  said  pins  being  pressed  through  both,  and  made  flush  with  the  surface  of 
the  upper  by  the  action  of  springs  rivetted  to  the  bridge.  The  two  plates  thus 
locked  together  were  separated  by  the  projecting  pins  upon  the  key,  which, 
entering  Uie  holes  in  the  upper  plate,  pressed  the  spring  pins  out  of  them  and 
turned  the  plate  round.  The  pin-holes  in  the  circular  plates  were  not  opposite 
to  the  key-hole,  but  on  one  side  leading  towards  the  bolt,  so  that  to  find  them 
out  it  was  necessary  to  push  the  key  slightly  against  the  plate  whilst  turning  it 
round. 

Mr.  Lawson  subsequently  took  out  a  patent  for  a  lock,  the  additional  security 
in  which  consisted  in  the  employment  of  a  sliding  curtain,  which  is  drawn 
before  the  key-hole  in  the  act  of  unlocking,  thus  rendering  it  impossible  to 
move  the  bolt  whilst  a  pick  remained  in  the  aperture. 

In  1816  a  lock  was  invented  by  Mr.  Kemp,  of  Cork,  the  security  of  which 
consisted  in  the  adaptation  of  tumblers  or  sliders,  operated  upon  by  two,  three, 
or  more  small  concentric  tubes,  of  different  lengths,  placed  inside  the  barrel  of 
the  key.  These  tubes  were  made  of  such  a  length  as  to  push  back  the  pins  or 
sliders  that  detain  the  bolt,  to  the  required  positions,  until  each  one  corresponds 
with  the  notch  that  is  cut  in  it  for  the  projecting  part  of  the  bolt  Mr.  Kemp 
calls  his  invention  the  ufdon  lock,  firom  the  circumstance  that  it  unites  the 
qualities  of  Barron *s  and  Bramah*s  locks ;  and  from  the  manner  in  which  the 
combination  is  effected,  it  affords,  according  to  the  inventor,  a  greater  degree 
of  security  than  either  of  the  former,  or  than  both  of  them  together,  supposing 
a  lock  of  each  kind  was  placed  on  the  same  door;  and  that  a  cushonest  servant, 
who  does  not  possess  any  particular  ingenuity,  may  be  instructed  by  a  lock- 
smith how  to  take  the  requisite  impressions  of  eitner  Barron's  or  Bramah*s 
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keprSy  even  if  he  could  be  intrutted  with  them  only  for  a  few  minutes :  but 
this  cannot  be  done  with  the  key  of  the  union  lock,  as  it  would  require  th« 
locksmith  to  examine  it  himself,  and  to  make  several  tools  to  ascertain  its  dif- 
ferent dimeniions,  which  he  could  not  do  without  having  it  in  his  possession  for 
lome  considerable  time,  with  leisure  to  make  repeated  trials.  In  tnis  remark  of 
Mr.  Kemp's  we  entirely  coincide ;  and  it  still  applies  to  all  locks  hitherto  mada 
(1834),  that  die  ke^  when  in  ^e  poasession  of  a  workman,  may  be  copied; 
and,  in  many,  without  possession.  Mr.  Kemp's  invention  may  supply  a  partial 
remedy  for  tiiis  defect ;  but  until  a  complete  one  is  provideo,  the  art  of  lock* 
making  is  imperfect,  and  no  locks  are  inviolable^. 

Viewing  the  subject  in  this  light,  it  affords  the  editor  of  this  work  much 
satisfaction  to  state,  that  he  has  in  his  possession  a  lock,  the  key  of  which  cofmof 
he  cepied ;  a  locksmith  possessine  no  to^ls  by  which  an  exactly  similar  one 
can  be  made ;  and  the  machine  by  which  the  original  one  was  made,  is  so 
arranged  as  to  be  deprived  of  the  power  of  producing  another  like  it  The  lock 
is  very  simple,  very  strong,  and  can  be  very  cheaply  made.  The  cost  of  a  com- 
plete maehioe  to  make  them  would  be  about  one  hundred  pounds ;  with  that 
they  might  be  manufactured  at  one-half  the  expense  of  any  patent  lock.  The 
inventor  is  desirous  to  have  the  subject  brought  before  the  public  under  a 

Etent,  but  want  of  time  to  devote  himself  to  such  an  object  at  present  obliges 
n  to  lay  it  aside. 

Locks  have  been  made  which  required  that  the  key  should  be  a  powerful 
magnet ;  others,  in  which  an  tmusual  and  complicated  motion  roust  be  fiven  to 
the  key ;  and  others,  in  which  an  improper  key  or  instrument  would  fire  a 
pistol,  or  ring  an  alarum,  as  proposed  by  the  Marouis  of  Worcester. 

Of  all  the  various  locks  that  have  of  late  years  been  introduced  to  the  notica 
of  the  puUic,  Mr.  Chubb's  has  obtained  the  greatest  celebrity.  Although  it 
pMsesaea  but  amall  claims  to  novelty,  it  cannot  be  denied  that  it  combines,  in 
la  eviinent  degree,  the  qualities  of  security,  simplicity,  strength,  and  durability ; 
and  we  think  ttiat  the  persevering  and  business-like  manner  in  which  the  inge- 
fiions  inventor  has  contrived  to  fix  it  before  Che  public  eye,  has  contributed  in 
no  sraaD  degree  to  the  successful  "  run  "  it  has  nad.  Tlie  chief  characteristic 
in  this  lock,  and  that  which  marks  it  as  Chubb's,  is  the  employment  of  a  lever 
called  a  detector,  which  locks  the  bolt  fast  upon  any  of  the  tumblers  being 
beyond  its  aasisned  range,  and  shows  that  some  person  has  been  attempting  to 
unlock  it  by  a  false  instrument  In  other  respects  the  lock  resembles  Barron '■ 
nd  Bramah's ;  and  we  are  disposed  to  question  its  boasted  superiority  over 
tlioee  admirable  inventions  for  a  reason  which  now  forces  itself  upon  our  atten- 
tion, la  Barron's  and  Bramah's  the  picker  has  no  means  of  knowing  whether 
tke  tomblers  are  lifted  too  high  or  not ;  but  in  Chubb's  he  has  onlv  to  put  the 
detector  hon  de  eombai  in  the  first  instance,  by  a  correct  thrust  uom  the  out- 
■de  of  the  door  (which  might  be  accurately  measured)  so  as  to^  it  fast  in  its 
flace ;  the  detector  then  becomes  a  stopper  to  the  undue  ascent  of  the  tum- 
Uen,  and  the  extent  of  their  range  is  thereby  correctly  ascertained :  thus  it 
appears  to  us,  the  detector  might  be  converted  mto  a  director  of  the  means  of 
opening  the  lock. 

In  1829  Mr.  Gottlieb  took  out  a  patent  for  improvements  in  locks,  which 

tioQsistcd  in  the  application  of  a  piece  of  paper  over  the  key-hole,  so  secured  as 

to  prevent  its  being  removed  without  the  mtroduction  of  a  key  passing  through 

it;  and  hence  any  attempt  to  break  open  the  lock  would  be  mdicated  by  the 

fracture  of  the  paper.    Tne  paper  is  introduced  and  secured  by  means  of  a 

toldingshidd  with  a  hole  in  it,  similar  to  the  key-hole,  in  a  lock  plate ;  this  shield 

i*  kept  down  by  a  spring  catch,  which  cannot  be  disengaged  for  the  introduction 

of  a  fresh  piece  of  paper,  except  by  the  proper  key,  which  is  funiished  with  a 

projectmg  stud  on  tne  side  of  the  key-stem,  for  the  purpose  of  disengaging  the 

ibteld  catch  when  turned.     As  a  source  of  further  security,  the  patentee  pro- 

pMes  to  employ  checque-paper,  with  some  design  engraved  upon  it ;  and  by 

oaving  this  paper  bound  in  a  checque-book,  and  a  leaf  torn  off  when  required, 

*o  that  the  paper  found  in  the  key-hole  at  any  time  bein^  compared  with  the 

edge  of  the  leaf  in  the  book,  the  substitution  of  anoUier  paper  would  be 
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discovered.  There  are  few  cases  in  wliicli  this  plan  can  be  advantageousljr 
employed. 

Messrs.  Carpenter  and  Young,  of  Willenhall,  in  Staffordshire,  had  a  patent 
in  1830  for  improvements  in  locks.  Their  object  appears,  from  the  specification, 
to  be  the  production  of  locks  of  greater  security  and  stability  than  tne  common 
locks  without  augmenting  the  cost ;  and  also  to  construct  a  latch-lock,  some- 
what more  convenient  in  use.  The  greater  degree  of  security  is  obtained  by 
having  a  double  set  of  tumblers,  one  set  attached  to,  and  movable  with,  the 
bolt,  and  the  other  attached  to  the  plate  of  the  lock  in  the  usual  way.  IVo- 
jections  from  the  stationary  tumblers  fit  into  slits  in  the  movable  ones,  when 
they  are  simultaneously  elevated  to  a  given  position ;  and  in  addition  to  this, 
there  are  notches  cut  in  the  upper  and  lower  sides  of  the  movable  tumblers,  to 
fit  fixed  pins  projecting  from  the  plate,  just  above  the  notches  on  the  upper 
side,  and  just  below  those  of  the  under  side  when  the  door  is  locked,  so  that 
the  bolt  cannot  be  withdrawn  except  by  a  key,  which  raises  each  tumbler  to  an 
elevation  coinciding  precisely  with  the  cuts  in  the  original  key,  and  upon  this 
depends  the  security.  Instead  of  the  usual  latch  or  spring  bolt  to  room-door 
locks,  the  patentees  cause  this  part  to  drop  into  a  notch  in  the  striking  plate 
afler  it  has  been  elevated  by  passing  over  an  inclined  plane  upon  it  In  con- 
nexion with  this  latch  is  a  tumbler,  by  which  it  is  elevated  through  the  instru- 
mentality of  a  key,  by  a  handle  on  one  side  of  the  door  and  a  key  on  tlie  other, 
or  by  the  key,  without  using  the  handle.  These  cuntrivances  have  manifest 
advantages,  and  are  easily  executed  by  any  locksmith. 

The  application  of  an  inviolable  lock  to  boxes  sent  by  mails  or  other  convey- 
ance, containing  money  or  other  valuable  property,  that  can  be  opened  only  at 
stated  times,  is,  of  course,  an  object  of  desirable  attainment  in  a  commercial 
country  like  this.  For  ejecting  this  object  a  patent  was  taken  out  in  November, 
1831,  by  William  Rutherford,  jun.  of  Jedburgh,  in  Scotland.  This  gentleman 
being  a  bank  agent,  had  no  doubt  sensibly  felt  the  importance  of  having  the 
means  of  transmitting,  from  one  town  to  another,  bankers'  parcels  with  perfect 
safety.  With  this  view  he  introduces  against  the  end  of  the  bolt  a  circular 
stop-plate,  to  prevent  the  withdrawal  of  the  bolt  till  the  circular  plate,  which  is 
put  in  rotation  by  clock-work,  shall  have  revolved  so  as  to  bring  a  notch  oppo- 
site the  end  of  the  bolt.  Now  as  this  notch  can  be  set  at  pleasure  to  any 
required  distance  from  the  end  of  the  bolt,  the  lock  may  be  secured  against 
being  opened  by  its  own  or  any  other  key,  till  any  assigned  number  of  hours 
after  it  has  been  locked ;  and  as  the  rate  of  travelling  is  known,  the  box  can 
be  secured  from  rubbery  till  it  shall  have  reached  its  destination.  When  this 
fastening  is  used  for  portable  boxes  or  packages,  it  must  be  put  in  motion,  and 
its  motion  regulated  oy  springs ;  but  when  it  is  to  be  applied  to  closets  or  safes, 
the  most  simple  mode  of  giving  motion  will  be  by  &  descending  weight,  and  of 
regulation  by  a  pendulum ;  the  actuating  weight  may  then  be  made  to  rest 
upon,  and  disengage  a  locking  bar  in  connexion  with  the  bolt  of  the  lock,  at 
any  assigned  number  of  hours  after  the  fastening  has  been  effected.  In  this 
case  all  that  is  necessary  is  to  cause  the  weight  to  descend  down  a  vertical  scale, 
divided  into  hours,  and  to  raise  it  to  any  assigned  number  when  the  door  is 
locked.  A  still  farther  security  is  obtained  by  the  locking-bar  itself  being  pre- 
vented from  being  disengaged  by  any  pressure,  except  by  the  descent  of  the 
weight,  which  is  made  to  come,  in  its  descent,  into  contact  with  an  inclined  pro- 
jection from  the  lower  end  of  the  hour-scale,  sending  it  back  and  disengaging 
the  locking-bar  from  a  notch  therein. 

We  might  extend  our  descriptive  account  of  locks  to  numerous  others,  eon- 
tniiiing  arrangementit  of  parts  dtfTering  from  the  foregoing,  and  each  possessing 
a  certain  degree  of  merit,  as  respects  one  or  more  of  the  necessary  qualificar 
tions  of  a  lock ;  but  the  detail  would  be  uninteresting  and  profitless ;  we  shall, 
therefore  here  close  our  account  of  locks  extraordinary,  by  giving  the  reader  a 
summary  of  those  in  general  use,  of  which  there  are  full  a  hundred  times  as 
many  as  of  the  former.  Indeed,  by  far  the  greater  number  of  locks  in  use  are 
not  required  as  a  security  against  the  dexterous  thief,  but  principally  as  a  check 
upon  uie  intrusive  curiosity  and  meddling  of  children  and  ser\'ants ;  and  of  the 
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numerous  tribe  of  pettv  pilferers,  there  are  few  who  have  eufficient  kuowh^dgc  of 
the  nature  of  comnioii  locks  to  succeed  in,  or  who  are  daring  enough  to  nttempt 
the  picking  of  them.  We  have  already  noticed,  at  page  104,  that  a  vast  quantity 
of  locks  are  made  without  any  wards  or  other  securities  whatever,  but  the  bolt ; 
land  these  having  been  stamped  with  the  public  approbation^  (to  our  own  know- 
ledge for  nearly  half  a  century,)  what  need  is  there  to  give  two  guineas,  or  two 
shillings  for  a  lock,  when  a  satisfactory  one  can  be  obtained  for  ttto-pence  t 
Uifful  trunk  locks  are  indeed  manufactured  by  thousands  of  grosses,  at  a 
wholesale  price  not  exceeding  ofie  permu  each  !  They  are  chiefly  the  product 
of  the  stamping  press ;  but  the  mallpable-cast-iron-founder  is  not  behind-hand 
in  demonstrating  the  power  of  his  art  in  this  manufacture.  The  technical  terra 
for  wards,  in  the  lock-trade,  is  wheeh  ;  thus,  they  are  successively  demonstrated 
tecording  to  this  point  of  their  quality,  1  wheef,  2wheelM^  3  wheeU,  4  wheels;  and 
to  these  terms  there  is  a  prefixture  called  plain,  which  means,  no  wards  at  all. 
The  wards  are  simply  short  pieces  of  thin  plate  iron,  rivctted  on  the  upper  or 
lower  plate,  or  on  both  plate?,  opposite  or  near  to  the  key  hole.  If  the  wards 
are  of  a  better  quality,  tney  are  dignified  by  a  higher  title,  as  one  ward  round, 
two  wards  round,  &c. ;  which  is  when  the  wards  make  an  entire  circle,  or  nearly  so, 
of  the  lock.  They  are  called  L  ward,  or  T  ward,  or  Z  ward,  when  the  sectional  form 
of  the  wards  represents  the  figure  of  those  letters.  Copper  wards,  signify  the 
employment  of  that  metal,  instead  of  iron,  to  adapt  them  for  use  in  cellars,  and 
other  damp  places.  Solid  wards  are  much  used,  as  they  are  substantial  and  not 
dear,  being  readily  made  by  casting  in  brass,  and  turning  in  the  lathe ;  and  they 
hi^ely  assist  in  making /onc^  locks.  The  term  Jine,  in  the  lock  trade,  has  about 
the  same  meaning  as  the  ordinary  application  of  that  adjective  to  smart  persons ; 
they  are  a  little  elazed  on  the  surface,  to  dazzle  the  eye,  but  are  coarse  enough 
underneath;  and  they  have  two  bright-headed  screws,  one  or  both  of  which 
are  usually  loose.  The  quality  of  the  plates,  bridges,  staples,  springs,  bolts, 
and  other  parts  of  the  interior  of  a  lock,  is  made  to  assimilate  with  the  quality 
of  the  wards,  unless  ordered  to  the  contrary. 

Locks,  according  to  their  uses,  may  be  divided  into  two  classes,  namely, 
in-door  locks  and  out-door  locks  ;  and  of  each  class  there  are  numerous  kinds, 
lizes,  and  qualities.     We  will  name  the  principal,  that  persons  who  want  them 
may  understand  the  distinctive  names  by  which  they  are  known  in  the  trade. 
Commencing  with  the  in-door  class,  the  fir^t  kind  that  occupies  our  attention 
are  those  upon  the  front  doors  of  houses,  called  draw-back  locks,  as  the  bolt, 
when  not  locked,  is  made  to  spring  to,  and  has  a  knob  for  the  purpose  of  draw- 
ing it  back  ;  they  are  generally  made  of  iron,  and  they  are,  therefore,  further 
designated  by  the  term  iron-rhn,  to  distinguish  from  those  having  wooden  stocks, 
called  spring- stock-locks,  which  are  of  a  cheaper  and  less  elegant  kind,  and  are 
therefore  more  frequently  put  to  back  doors.     For  the  doors  of  rooms,  there 
are  tliree  principal  kinds,  distinguished  by  the  names  o^  mortise,  brass-case,  and 
vtm-rim  locks.     Formerly  the  latter  kind  were  put  on  the  doors  of  parlours, 
and  even    drawing  rooms  ;   but  their   unsightly  appearance  soon  caused  the 
substitution  of  the  brass-cased  locks.      The  bright  yellow  metal  was  long  a 
fiivourite,  but  ingenuity,  seconded  by  good  taste,  introduced  the  mortise-lock 
which  is  now  rendered  so  cheap,  that  scarcely  any  new  houses,  excepting  those 
for  the  very  poor,  are  built  withotit  them.     By  the  aid  of  machinery,  and  a 
minute  division  of  labour,  mortise-locks  are  made  at  an  astonishingly  low  price 
at  Wolverhampton  ;  and  the  workmanship  of  even  the  commonest  kind  is  f.ub- 
itsntial  and  durable.     As  room -door  locks  are  before  every  body's  eyes,  it  will 
only  be  necessary  to  observe,  that  all  such  are  specified  in  the  following  manner. 
If  there  be  only  one  bolt  to  it  which  the  key  shoots,  it  is  called  a  dead-lock,  c»r 
dout-lock;  if  there  be  in  addition  a  spring  bolt,  with  a  handle  to  ooen  it,  it  is 
called  a  two-boU  lock  /  and  if  there  be  a  private  bolt  besides,  it  is  called  a  threff- 
^  lock.     It  is  also  necessary  to  specify  the  kind  of  handles  required,  (knobs 
mr'mgs,  &c.) ;  the  hand  (right  or  left) ;  the  thickness  of  the  doors;  and  if  plain 
vards,  round  wards,  tumblers,  patent,  fire. 

Under  the  general  term  of  cabinet  locks,  are  comprehended  a  great  variety  of 
bifida,  luch  as  cupboard,  book-case,  d€sk,  portable  desk,  tMe,  drawer,  or  till,  box. 
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che$if  caddy,  &c.  These  also  partake  of  three  forms,  as  respects  the  manner  of 
fixing  them.  They  are  called  straight^  when  the  plate  of  the  lock  is  to  be 
screwed  with  its  flat  side  against  the  wood-work ;  cut,  when  the  wood  is  to  bt 
cut  away  to  let  in  the  lock  flush  with  the  surface ;  and  mortise^  when  a  mortise 
cavity  is  to  be  made  edgeways  in  the  wood  for  its  reception.  The  sizes  of  these 
locks  vary  from  I  to  5  inches ;  they  are  made  in  both  Iron  and  brass,  and  the 
qualities  are  distinguished  by  the  terms  already  mentioned. 

Of  the  out-door  locks,  those  used  for  gates,  stables,  sheds,  &c.  are  for  the 
most  part  wooden  Mtock-locks  ;  of  these  there  are  many  qualities ;  the  common  or 
Banbury,  the  bastard,  ihejine,  and  many  qualities  abiove  the  latter,  which  would 
require  too  lengthened  an  explanation  ;  the  internal  parts  beine  made  of  cop- 
per, iron,  and  brass.  There  are  also  the  D  and  the  p  gate  locks,  and  the  very 
numerous  family  of  padlocks ;  for  information  upon  which  we  must  refer  the 
reader  to  his  locksmith,  as  a  volume  might  be  filled  with  those  and  others 
which  we  have  necessarily  omitted. 

LOG.  A  machine  or  apparatus  used  to  measure  the  rate  of  a  ship's  velocity 
through  the  water.  For  tnis  purpose  there  are  various  inventions ;  out  the  one 
mostly  used  is  the  following,  and  called  the  common  log.  It  is  a  piece  of  thin 
board,  forming  the  quadrant  of  a  circle  of  about  six  inches  radius,  and  balanced 
by  a  small  plate  of  lead  nailed  on  the  circular  part,  so  as  to  swim  perpendicu- 
larly in  the  water,  with  the  greater  part  immersed.  The  log  line  is  fastened  to 
the  log  by  means  of  two  legs,  one  of  which  is  knotted  through  a  hole  at  one 
corner,  while  the  other  is  attached  to  a  pin  fixed  in  a  hole  at  the  other  comer, 
so  as  to  draw  out  occasionally.  The  log  line,  being  divided  into  certain  spaces, 
which  are  in  proportion  to  an  equal  number  of  geographical  miles,  as  a  half  or 
a  quarter  minute  is  to  an  hour  of  time,  is  wound  upon  the  reel.  The  whole  is 
employed  to  measure  the  ship's  head-way  in  the  following  manner ;  the  reel 
beinff  held  by  one  man,  and  the  half  minute  glass  by  another,  the  mate  of  the 
watch  fixes  the  pin,  and  throws  the  log  over  the  stem,  which  swimming  perpen- 
dicularly, feels  an  immediate  resistance,  and  is  considered  as  fixed ;  tne  line 
being  slackened  over  the  stern  to  prevent  the  pin  coming  out.  The  knots  are 
measured  from  a  mark  on  the  line,  at  the  distance  of  12  or  15  fathoms  from  the 
log ;  the  glass  is  therefore  tumed  at  the  instant  that  the  mark  passes  over  the 
stern ;  and  as  soon  as  the  sand  in  the  glass  has  mn  out,  the  line  is  stopped ; 
the  water  being  then  on  the  log,  dislodges  the  pin,  so  that  the  board  now  only 
presenting  its  edge  to  the  water,  is  easily  drawn  aboard.  I1ie  number  of  knots 
and  fathoms  which  had  ran  off  at  tlie  expiration  of  the  glass,  determines  the 
ship's*  velocity.  The  half-minute  glass  and  divisions  on  the  line  should  be 
frequently  measured,  to  determine  any  variation  in  either  of  them,, and  make 
an  allowance  accordingly.  If  the  glass  runs  30  seconds,  the  distance  between 
the  knots  should  be  50  feet  When  it  runs  more  or  less,  it  should,  therefore,  be 
corrected  by  the  following  analogy : — as  30  is  to  50  so  is  the  number  of  seconds 
of  the  glass  to  the  distance  between  the  knots  upon  the  line.  The  heat  or 
moisture  of  the  weather  having  often  a  considerable  effect  upon  the  glass,  so 
as  to  make  the  sand  ran  faster  or  slower,  it  should  be  frequently  tried  by  the 
vibration  of  a  pendulum.  The  inventor  of  this  simple  and  admurable  contri- 
vance is  unknown ;  and  no  mention  of  it  occurs  till  the  year  1607,  in  an  account 
of  an  East  India  voyage,  published  by  Samuel  Purchas.  Since  that  period,  Uie 
log  has  been  in  general  use,  and  many  improvements  have  been  made  upon  it. 
One  of  the  most  conspicuous  of  these  improvements,  is  that  invented  by 
Mr.  James  Hookey,  a  midshipman  in  the  navy,  who  received  a  honorary- 
medal  from  the  Society  of  Arts  for  the  same. 

The  advantages  gained  by  Mr.  Hookey's  invention  are,  that  it  gives  the  dis- 
tance the  ship  rans  more  correctly,  as  it  remains  more  stationary  in  the  water 
than  the  one  generally  in  use ;  and  when  required  to  be  hauled  into  the  ship,  by 
giving  it  a  sudden  jerk,  the  toggle  swivels  round,  and  disengages  the  line  from 
the  spring,  in  consequence  of  which,  the  log  ship  reverses  its  position,  and  may 
then  be  pulled  into  the  ship  with  the  greatest  ease.  With  respect  to  the  lines, 
Mr.  HooKey  recommends,  that  they  be  saturated  in  a  composition  of  oil,  which 
makes  them  more  buoyant  and  pliant,  and  prevents  kinking;  it  likewise  prevents 
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dieir  eontracdngy  which  in  •  uew  line  is  ahout  20  tBei  in  50  Aithomi.  A«  many 
ferioos  accidents  are  likely  to  occur  hy  getting  a  false  depth  of  water,  in  conse- 
quence of  the  contraction  of  the  line  attached  to  the  leaa,  it  becomes  an  object 
worthy  of  attention  to  prevent  the  possibility  of  such  accidents  taking  place. 
The  log  is  formed  like  a  fish.  Ffg,  1  represents  one  running  out,  and  Fig,  2 
die  same,  in  the  act  of  being  pulled  in ;  r  the  toggle,  t  the  spring  ;  the  eye  of 
the  line  i»  put  on  the  toggle,  which  is  then  pushed  under  the  spring ;  the  flap 
board  t  fidls  down,  and  £e  fish  runs  out  When  the  line  is  taught,  a  sudden 
jerk  will  make  the  toggle  pass  the  sprine  and  let  go  the  line ;  the  fish  then 
nrings  round,  the  flap  board  /  closes,  and  it  is  easily  pulled  in.  i^.  3  shows 
the  under  side ;  the  flap-board  t  is  jointed  to  the  fish  by  the  strap  of  the  copper 
V,  which  passes  round  a  pin  ////,  and  this  pin  is  held  by  the  copper  strap  to; 
the  line  is  attached  to  the  log  by  a  loop  which  goes  in  at  the  mouto,  and  is  held 
by  a  peg  which  forms  the  eye ;  the  flap-board  t^  if  made  of  copper,  has  a  piece 
of  wood  rivetted  to  it  in  the. middle  to  stifien  it ;  if  made  of  wood,  a  slip  of  lead 
or  copper  jp  b  rivetted  on,  to  make  it  heavy  enough  to  drop  down  readily  when 
thrown  into  the  water.  Fig,  4  is  a  top  view  of  one  made  thin  and  wide,  hke  a 
flat  dish ;  the  spring  j^  which  holds  the  toggle  is  underneath,  beneath  the  fish 
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ud  the  flap- board  i;  the  spring  may  be  above  or  below  in  either  case.  The 
feOowing  are  the  instructions  given  for  using  the  log-ship.  The  eye  in  the 
fine  is  to  be  put  over  the  toggle,  on  the  taO  of  the  fish,  and  when  the  line  is  all 
ran  out  from  the  reel,  and  it  becomes  taught,  bj^  giving  it  a  sudden  jerk,  the 
toggle  win  swivd  out;  ihe  fish  will  then  reverse  its  position,  float  on  the  sur- 
&ee  of  the  water,  and  may  be  hauled  into  the  ship  with  the  greatest  ease. 
When  it  is  necessary  to  shin  the  line  at  the  head  of  the  fish,  knocK  out  the  peg 
that  forma  the  eye,  and  the  line  will  then  disengage  itself;  and  in  attaching 
iBother  line,  make  an  eye  in  it,  and  pass  it  into  the  mouth  of  the  fish  perpen- 
dicularly, through  which  put  the  peg  that  forms  the  eye,  and  it  will  be  quite 
Kciiie.  Tlie  invmtor  strongly  recommends  that  all  log  lines,  and  lines  to  the 
had,  should  be  saturated  for  one  hour  in  linseed  and  lamp  oil,  three-fourths  of 
the  former,  and  one-fowrth  of  the  latter  well  mixed  together,  after  which,  hang 
them  up  to  dry ;  contraction  will  thus  be  prevented,  and  they  will  be  pliable 
nd  buoyant. 

LOGARITHMS  are  series  of  artificial  numbers,  so  arranged  with  reference 
to  t  let  of  natural  numbers  that  the  addition  of  the  logarithms  shall  correspond 
with  the  multiplication  of  the  nattual  numbers  belonging  to  them ;  and  sub- 
tnetion  of  logarithms  answers  for  division ;  while  involution,  or  the  raising  of 
powers,  is  performed  by  Uie  multiplication  of  logarithms ;  and  evolution,  or  the 
•xtnctioD  of  roots,  by  the  division  of  logarithms. 
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To  illustrate  this,  let  us  take*- 


For  Natural  Numbers  tlie  ) 
Geometrical  Series  .  .  ) 

And  for  their  Logarithms  ) 
the  Arithmetical  Series  ) 


1 

0 

• 

10 

1 

100 
2 

1000 
3 

10000 
4 

100000 
5 

1000000 
6 

From  this  it  appears  that  the  log.  of  1  is  0,  that  of  10  is  1,  of  100  is  2,  &e.; 
that  the  log.  of  any  number  below  10  is  a  fraction,  above  10  and  under  100  is  1  * 
with  a  fraction,  and  between  1000  and  100,  is  2  with  a  fraction,  and  so  on. 
Hence  it  is  evident  that  the  portion  of  a  log.  which  constitutes  the  whole  number 
and  is  denominated  the  Index,  is  always  one  less  than  the  numbers  of  figures 
for  which  it  is  the  log.  This  general  rule  is  so  easy  of  application,  that  the 
Indexes  of  Logarithms  are  never  printed  in  the  tables,  but  left  to  be  supplied 
by  the  operator. 

The  rule  for  determining  the  Index  descends  as  well  as  ascends,  and  applies 
with  equal  facility  to  numbers  below  and  above  unity ;  but  when  applied  to 
numbers  below  unity,  it  must  be  distinguished  by  a  negative  sign  thus 
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•000001  6-0000000 


•00001 
•0001 
•001 
•01 


V 

100 
1000 
&c. 


5^0000000 

I-ooooooo 

3-0000000 

2^0000000 

POOOOOOO 
0-0000000 
1-0000000 
20000000 
30000000 
&c. 


To  furnish  the  means  of  illustrating  this  important  subject  by  a  few  examples, 
and  to  give  the  reader  an  opportunity  of  working  cases  by  logarithms  when  the 
numbers  to  be  operated  upon  are  not  very  large,  we  subjoin 

A  TABLE  OF   LOGARITHMS   OF  NUMBERS, 

From  1  to  1000. 


Number  1  to 

•  100 

,  AND  THEIR  LoOARITHMS. 

1 

•0000000 

21 

•3222193 

41  1-6127839 

61 

•7853298 

81 

•9084850 

2 

•3010300 

22 

•3424227 

42  1  -6232493 

62 

•7923917 

82 

•9138139 

3 

•4771213 

23 

•3617278 

43  i  -6334685 

63 

•7993405 

83 

•9190781 

4 

•6020600 

21 

•3802112 

44 

-6434527 

64 

•8061800 

84 

•9242793 

5 

•6989700 

25 

•3979400 

45 

•6532125 

65 

-8129134 

85 

•9294189 

6 

•7781513 

26 

•4149733 

46 

•6027578 

66 

-8195439 

86 

•9344985 

7 

•8450980 

27 

•4313638 

47 

•6720979 

67 

•8260748 

87 

•9395193 

8 

•9030900 

28 

•4471580 

48 

•6812412 

68 

•8325089 

88 

•9444827 

9 

•9542425 

29 

•4623980 

49 

•6901961 

69  ,  -8388491 

89 

•9493900 

10 

•0000000 

30 

•4771213 

50  i  •0989700 

70  -8450980 

90 

•9542425 

11 

•0413927 

31 

•4913617 

51 

•7075702 

71  •  -8512583 

91 

•9590414 

12 

•0791812 

32 

•5051500 

52 

-7160033 

72  -8573325 

92 

•9637878 

13 

•1139434 

33 

•5185139 

53 

•7242759 

73  i  -8633229 

93 

•9684829 

14 

•1461280 

34 

•5314789 

54 

•7323938 

74  -8692317 

94 

•9731279 

15 

•1760913 

35 

•5440680 

55 

•7403627 

75 

•8750613 

95 

•9777236 

16 

•2041200 

36 

-5563025 

56 

•7481880 

76 

•8808136 

96 

•9822712 

17 

•2304489 

37 

•5682017 

57 

•7558749 

77 

•8864907 

97 

•9367717 

18 

•2552725 

38 

•5797836 

58 

•7634280 

v78 

•8920946 

98 

•9912261 

19 

•2787536 

39 

•5910646 

59 

•7708520 

79 

•8976271 

99 

•9956352 

20  -3010300 

40 

•6020600 

60 

•7781513 

80 

•9030900 

100  0000000 

LOGARITHMS  OF  NUMBERS. 
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J 

tvu. 

100 

LOO. 

XtlM. 

150 

LOO. 

,NUM. 

200 

LOO.  ^ 

Inum. 

LOO. 

NUM. 

300 

LOO. 

0000000 

1760913 

3010300 

250 

3979400 

4771213 

101 

0043214 

151 

1789769 

201 

3031961 

251 

3996737 

301 

4785665 

102 

00S6002 

152 

1818436 

202 

3053514 

252 

4014005 

302 

4800069 

103 

0128372 

153 

1846914 

203 

3074960 

253 

4031205 

303 

4814426 

104 

0170333 

154 

1875207 

204 

3096302 

254 

4048337 

304 

4828736 

105 

0211893 

155 

1903317 

205 

3117539 

255 

4065402 

305 

4842998 

. 

106 

0253059 

156 

1931246 

206 

3138672 

256 

4082400 

306 

4857214 

107 

0293838 

157 

1958997 

207 

3159703 

257 

4099331 

307 

4871384 

108 

0334238 

158 

1986571 

208 

3180633 

258 

4116197 

308 

4885507 

109 

0374265 

159 

2013971 

209 

3201463 

259 

4132998 

309 

4899585 

110 

0413927 

160 

2041200 

210 

3222193 

260 

4149733 

310 

4913617 

HI 

0453230 

161 

2068259 

211 

3242825 

261 

4166405. 

311 

4927604 

112 

0492180 

162 

2095150 

212 

3263359 

262 

4183013 

312 

4941546 

113 

0530784 

163 

2121876 

213 

3283796 

263 

4199557 

313 

4955443 

114 

0569049 

164 

2148438 

214 

3304138 

264 

4216039 

314 

4969296 

115 

0606978 

165 

2174839 

215 

3324385 

265 

4232459 

315 

4983106 

116 

0644580 

166 

2201081 

216 

3344538 

266 

4248816 

316 

4996871 

117 

0681859 

167 

2227165 

217 

3364597 

267 

4265113 

317 

5010593 

118 

0718820 

168 

2253093 

218 

3384565 

268 

4281348 

318 

5024271 

119 

0755470 

169 

2278867 

219 

3404441 

269 

4297523 

319 

5037907 

120 

0791812 

170 

2304489 

220 

3424227 

270 

4313638 

320 

5051500 

121 

0827854 

171 

2329961 

221 

3443923 

271 

4329693 

321 

5065050 

122 

0863598 

172 

2355284 

222 

3463530 

272 

4345689 

322 

5078559 

123 

0899051 

173 

2380461 

223 

3483049 

273 

4361626 

323 

5092025 

124 

0934217 

174 

2405492 

224 

3502480 

274 

4377506 

324 

5105450 

125 

0969100 

175 

2430380 

225 

3521825 

^75 

4393327 

325 

5118834 

126 

1003705 

176 

2455127 

226 

3541084 

276 

4409091 

326 

5132176 

127 

1038037 

177 

2479733 

227 

3560259 

277 

4424798 

327 

5145478 

128 

1072100 

178 

2504200 

228 

3579348 

278 

4440448 

328 

5158738 

129 

1105897 

179 

2528530 

229 

3598355 

279 

4456042 

329 

5171959 

ISO 

1139434 

180 

2552725 

230 

3617278 

280 

4471580 

330 

5185139 

131 

1172713 

181 

2576786 

231 

3636120 

281 

4487063 

331 

5198280 

132 

1205739 

182 

2600714 

232 

3654880 

282 

4502491 

332 

5211381 

133 

1238516 

183 

2624511 

233 

3673559 

283 

4517864 

333 

5224442 

134 

1271048 

184 

2648178 

234 

3692159 

284 

4533183 

334 

5237465 

» 

135 

1303338 

185 

2671717 

235 

3710679 

285 

4548449 

335 

5250448 

136 

1335389 

186 

2695129 

236 

3729120 

286 

4563660 

336 

5263393 

137 

1367206 

187 

2718416 

237 

3747483 

287 

4578819 

337 

5276299 

138 

1398791 

188 

2741578 

238 

3765770 

288 

4593925 

338 

5289167 

139 

1430148 

189 

2764618 

239 

3783979 

289 

4608978 

339 

5301997 

140 

1461280 

190 

2787536 

240 

3802112 

290 

4623980 

340 

5314789 

141 

1492191 

191 

2810334 

241 

3820170 

291 

4638930 

341 

5327544 

142 

1522883 

192 

2833012 

242 

3838154 

292 

4653829 

342 

5340261 

143 

1553360 

193 

2855573 

243 

3856063 

293 

4668676 

343 

5352941 

144 

1583625 

194 

2878017 

244 

3873898 

294 

4683473 

344 

5365584 

145 

1613680 

195 

2900346 

245 

3891661 

295 

4698220 

345 

5378191 

lie  11643529 

196 

2922561 

246 

3909351 

296 

4712917 

346 

5390761 

147  1673173 

197 

2944662 

247 

3926970 

297 

4727564 

347 

5403295 

148  1702617 

198 

2966652 

248 

3944517 

298 

4742163 

348 

5415792 

149  1731863 

199 

2988531 

249 

3961993 

299 

4756712 

349 

5428254 

L 

J 1 

I 

! 

I^^^B^^W 

tot. 

11. 

p 
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LOGARITHMS  OF  NUMBERS. 


NUM. 

LOO. 

NUM. 

400 

LOO. 

NUM. 

LOO. 

NUM. 

LOO. 

NUM. 

LOG. 

350 

5440680 

6020600 

450 

6532125 

500 

6989700 

550 

7403627 

351 

5453071 

401 

6031444 

451 

6541765 

501 

6998377 

551 

7411516 

352 

5465427 

402 

6042261 

452 

6551384 

502 

7007037 

552 

741 9391 

353 

5477747 

403 

6053050 

453 

6560982 

503 

7015680 

553 

7427251 

354 

5490033 

404 

6063814 

454 

6570559 

504 

7024305 

554 

7435098 

355 

5502284 

405 

6074550 

455 

6580114 

505 

7032914 

555 

7442930 

356 

5514500 

406 

6085260 

456 

6589648 

506 

7041505 

556 

7450748 

357 

5526682 

407 

6095944 

457 

6599162 

507 

7050080 

557 

7458552 

358 

5538830 

'408 

6106602 

458 

6608655 

508 

7058637 

558 

7466342 

359 

5550944 

409 

6117233 

459 

6618127 

509 

7067178 

559 

7474118 

360 

5563025 

410 

6127839 

460 

6627578 

510 

7075702 

560 

7481880 

361 

5575072 

411 

6138418 

461 

6637009 

511 

7084209 

561 

7489629 

362 

5587086 

412 

6148972 

462 

6646420 

512 

7092700 

562 

7497363 

363 

5599066 

413 

6159501 

463 

6655810 

513 

7101174 

563 

7505084 

364 

5611014 

414 

6170003 

464 

6665180 

514 

7109631 

564 

7512791 

365 

5622929 

415 

6180481 

465 

6674530 

515 

7118072 

565 

7520484 

366 

5634811 

416 

6190933 

466 

6683859 

516 

7126497 

566 

7528164 

367 

5646661 

417 

6201361 

467 

6693169 

517 

7134905 

567 

7535831 

368 

5658478 

418 

6211763 

468 

6702459 

518 

7143298 

568 

7543483 

369 

5670264 

419 

6222140 

469 

6711728 

519 

7151674 

569 

7551123 

370 

5682017 

420 

6232493 

470 

6720979 

520 

7160033 

570 

7558749 

371 

5693739 

421 

6242821 

471 

6730209 

521 

7168377 

571 

7566361 

372 

5705429 

422 

6253125 

472 

6739428 

522 

7176705 

572 

7573960 

373 

5717088 

423 

6263404 

473 

6748611 

523 

7185017 

573 

7581546 

374 

5728716 

424 

6273659 

474 

6757783 

524 

7193313 

574 

7589119 

375 

5740313 

425 

6283889 

476 

6766936 

525 

7201593 

575 

7596678 

376 

5751878 

426 

6294096 

476 

6776070 

526 

7209857 

576 

7604225 

377 

5763414 

427 

6304279 

477 

6785184 

527 

7218106 

577 

7611758 

378 

5774918 

428 

6314438 

478 

6794279 

528 

7226339 

578 

7619278 

379 

5786392 

429 

6324573 

479 

6803355 

529 

7234557 

579 

7626786 

380 

5797836 

430 

6334685 

480 

6812412 

530 

7242759 

580 

7634280 

381 

5809250 

431 

6344773 

481 

6821451 

531 

7250945 

581 

7641761 

382 

5820634 

432 

6354837 

482 

6830470 

532 

7259116 

582 

7649230 

383 

5831988 

433 

6364879 

483 

6839471 

533 

7267272 

583 

7656686 

384 

5843312 

434 

6374897 

484 

6848454 

534 

7275413 

584 

7664128 

385 

5854607 

435 

6384893 

485 

6857417 

535 

7283538 

585 

7671559 

386 

5865873 

436 

6394865 

486 

6866363 

536 

7291648 

586 

7678976 

387 

5877110 

437 

6404814 

487 

6875290 

537 

7299743 

587 

7686381 

388 

5888317 

438 

6414741 

488 

6884198 

538 

7307823 

588 

7693773 

389 

5899496 

439 

6424645 

489 

6893089 

539 

7315888 

589 

7701163 

390 

5910646 

440 

6434527 

490 

6901961 

540 

7323938 

590 

7708520 

391 

5921768 

441 

6444386 

491 

6910815 

541 

7331973 

591 

7715875 

392 

5932861 

442 

6454223 

492 

6919651 

542 

7339993 

592 

7723217 

393 

5943926 

443 

6464037 

493 

6928469 

543 

7347998 

593 

7730547 

394 

5954962 

1444 

6473830 

494 

6937269 

544 

7355989 

594 

7737864 

395 

5965971 

445 

6483600 

495 

6946052 

545 

7363965 

595 

7745170 

396 

5976952 

'446 

6493349 

496 

6954817 

546 

7371926 

596 

7752463 

397 

5987905 

i447 

6503075 

497 

6963564 

547 

7379873 

597 

7759743 

398 

5998831 

448 

6512780 

498 

6972293 

548 

7387806 

598 

7767012 

399 

6009729 

449  6522463 

499 

6981005 

549 

7395723 

599 

7774268 

LOGARITHMS  OF  NUMBERS. 


■uo. 

LOO. 

-.x 

L-o. 

-t>H.]        LOO, 

- 

LOO. 

S«H 

L0„. 

GOO 

7781513 

650 

81 201 34 

700 ! 8430980 

750 

8750613 

800 

9030000 

601 

7788745 

651 

8135810 

701 

8457180 

751 

8756309 

801 

9036325 

802 

7795965 

652 

8142476 

702 

8463371 

752 

8762 I 78 

802 

9041741 

603 

7803173 

633 

8149132 

703 

8469353 

753 

8767950 

803 

9047155 

6(M 

7810369 

654 

8155777 

7(M 

8475727 

751 

8773713 

804 

9052560 

605 

7817554 

655 

8162413 

705 

8481891 

755 

8770470 

805 

9037059 

COG 

7824726 

G56 

8169038 

706 

8488047 

7S6 

3785218 

806 

9063350 

607 

7831887 

657 

8175654 

707 

8404194 

757 

8790959 

807 

9068735 

80S 

7839036 

658 

8182259 

708 

8500333 

758 

8796692 

808 

9074114 

609 

78-16173 

6S9 

8188854 

700 

S306462 

759 

8802418 

809 

9079485 

610 

7853298 

600 

8193439 

710 

8512583 

760 

8808136 

810 

908-t850 

611 

7860412 

601 

8202015 

711 

8318696 

701 

8813847 

811 

9090200 

612 

7867314 

662 

8208580 

712 

8324800 

762 

8819550 

812 

9095560 

613 

7874G05 

603 

8215135 

713 

8530895 

763 

8825245 

813 

9100905 

6U 

7881684 

G64 

8221081 

714 

8536982 

764 

883093-1 

814 

91002 M 

81S 

7888751 

665 

8228216 

715 

8343060 

765 

8836614 

813 

9111376 

S16 

7895807 

666 

8234742 

716 

85-19130 

766 

8842288 

816 

9116902 

617 

7902S52 

667 

8241258 

717 

8555102 

767 

8847954 

817 

9122221 

EI8 

7909885 

668 

8247765 

718 

8561244 

768 

8853612 

818 

9127533 

fll9 

7916906 

669 

8254261 

719 

8567289 

769 

8859203 

819 

9132830 

^0 

792391 T 

670 

8260748 

720 

857332.1 

770 

8864907 

820 

9138139 

631 

7930916 

671 

8267225 

721 

8579353 

771 

8870544 

821 

9143432 

S22 

7937904 

872 

8273693 

722 

8585372 

772 

8876173 

822 

9148718 

a23 

7944880 

673 

8280151 

723 

8591383 

773 

8881795 

823 

9153998 

m 

7951846 

674 

8286599 

724 

8597386 

774 j 8887410 

824 

9150272 

B2J 

7858800 

675 

8293038 

725 

8603380 

775   8893017 

825 

0164539 

026 

7965743 

676 

8299467 

726 

8609366 

776 

8808617 

0169800 

627 

7972675 

677 

8305887 

727 

861534-1 

777 

8904210 

827 

9173055 

628 

7979596 

678 

8312297 

728 

8621314 

778 

8909796 

828 

9180303 

629 

7986506 

679 

8318098 

729 

8627275 

779 

8915373 

829 

9185543 

£30 

7993405 

680 

S325089 

730 

8633229 

780 

8920046 

830 

9190781 

631 

8000294 

681 

8331471 

731 

8039174 

781 

8926510 

831 

9196010 

632 

8007171 

682 

8337844 

732 

8645111 

782 

8932068 

832 

0201233 

SU 

8014037 

683 

8344207 

733 

8651040 

783 

8937618 

833 

9206450 

m 

8020893 

684 

8350361 

734 

8656961 

784 

8943161 

834 

9211661 

635 

8027737 

683 

8330906 

735 

8C62873 

785 

894S697 

835 

9216865 

636 

8034371 

686 

8363241 

736 

8668778 

780 

8954225 

836 

9222063 

637 

8041394 

687 

8369567 

737 

8674675 

787 

8959747 

837 

9227255 

638 

8048207 

688 

83758S'l 

738 

3680564 

788 

896.S262 

838 

9232440 

639 

8055009 

83S2192 

730 

868G444 

789 

8970770 

839 

9237020 

MO 

S0618DO 

690 

8388491 

740 

8692317 

790 

8976271 

810 

9242703 

Wl 

8068580 

691 

8394780 

741 

8698182 

791 

8981765 

841 

9247960 

m 

8076350 

692 

8401 061 

742 

8704039 

702 

8987252 

842 

9253121 

6« 

8082110 

693 

8407332 

743 

8709SS8 

793 

8992732 

S43 

9258276 

6M  8088859 

694 

8413595 

741 

8715729 

794 

8998205 

844 

9263424 

616  S095597 

695 

8419848 

745 

8721563 

795 

9003671 

815 

9268567 

«6  810232i 

696 

8426092 

746 

8727388 

790 

0009131 

846 

9273704 

W  S100O43 

697 

8432328 

747 

8733206 

797 

9014583 

847 

9278834 

648  8US7M 

8438554 

748 

8739016 

798 

9020029 

848 

9283959 

u 

9:8122447 

699 

8444772 

749 

8744818 

799 

9025463 

849 

9289077 
1. 
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LOGARITHMS. 


SUM 

LOO. 

NUM. 

LDtJ. 

NUM. 

LOO. 

NUM. 

LOG. 

NUM. 

LOO. 

850 

9294189 

880 

9444827 

910 

9590414 

940 

9731279 

970 

9867717 

851 

9299296 

881 

9449759 

911 

9595184 

941 

9735896 ; 

971 

9872192 

852 

9304396 

882 

9454686 

912 

9599948 

942 

9740509 

972 

9876663 

853 

9309490 

883 

9459607 

913 

9604708 

943 

9745117 

973 

9881128 

854 

9314579 

884 

9464523 

914 

9609462 

944 

9749720 

974 

9885590 

855 

9319661 

885 

9469433 

915 

9614211 

945 

9754318 

975 

9890046 

856 

9324738 

886 

9474337 

916 

9618955 

946 

9758911 

976 

9894498 

857 

9329808 

887 

9479236 

917 

9623693 

947 

9763500 

977 

9898946 

858 

9334873 

888 

9484130 

918 

9628427 

948 

9768083 

078 

9903389 

859 

9339932 

889 

9489018 

919 

9633155 

049 

9772662 

979 

9907827 

860 

9344985 

890 

9493900 

920 

9637878 

950 

9777236 

980 

9912261 

861 

9350032 

891 

9498777 

921 

9642596 

951 

9781805 

981 

9916690 

862 

9355073 

892 

9503649 

922 

9647309 

952 

9786369 

982 

9921115 

863 

9360108 

893 

9508515 

923 

9652017 

953 

9790929 

983 

9925535 

864 

9365137 

894 

9513375 

924 

9656720 

954 

9795484 

984 

9929951 

865 

9370161 

895 

9518230 

925 

9661417 

955 

9800034 

985 

9934362 

866 

9375179 

896 

9523080 

926 

9666110 

956 

9804579 

986 

0038769 

867 

9380191 

897 

9527924 

927 

9670797 

957 

9809119 

987 

9943172 

868 

9385197 

898 

9532763 

928 

9675480 

958 

9813655 

988 

0947569 

869 

9390198 

899 

9537597 

929 

0680157 

059 

9818186 

080 

0051063 

870 

9395193 

900 

9542425 

930 

9684829 

960 

9822712 

990 

0056352 

871 

9400182 

901 

9547248 

931 

9689497 

961 

9827234 

991 

0060737 

872 

9405165 

902 

9552065 

932 

9694159 

962 

9831751 

992 

0065117 

873 

9410142 

903 

9556878 

933 

9698816 

963 

9836263 

993 

0060402 

874 

9415114 

904 

9561684 

934 

9703469 

964 

9840770 

994 

0073864 

875 

9420081 

905 

9566486 

935 

9708116 

965 

9845273 

995 

0078231 

876 

9425041 

906 

9571282 

936 

9712758 

966 

9849771 

996 

0082503 

877 

9429996 

907 

9576073 

937 

9717396 

967 

9854265 

997 

0086052 

878 

9434945 

908  95808581 

938 

9722028 

968 

9858754 

998 

0001305 

879 

9439889 

909 

9585639 

939 

9726656 

969 

9863238 

999 

0005655 

1 

It  is  not  our  province,  in  this  brief  article,  to  explain  the  use  of  the  larger 
Logarithmic  Tables,  aa  whoever  possess  such  have  or  course  their  author's  own 
explanations,  and  therefore  the  following  illustrative  examples  are  selected  to 
suit  the  table  here  given. 

Multiplication,  as  already  stated,  is  performed  by  the  addUUm  of  Loga- 
rithms, thus : — 

To  multiply  368  by  22'5,  we  place  opposite  to  each  other  the 

Numbers          and  their  Logarithms. 

368  2-5658478 1  ^^^ 


22-5 
Product  of  Numben  8280- 


1-3521825 

301 80303     Sum  of  Log. 


Here  the  first  factor,  368,  being  a  whole  number,  consisting  of  three  figures, 
has  for  its  index  2  ;  and  the  second,  22-5,  having  but  two  figtures,  without  the 
decimal  part,  has  for  its  index  1.  To  these  are  subjoined  the  decimal  portions 
f}f  the  logarithms  taken  firom  the  Table,  and  the  sum  of  the  two  being  found  in 
the  Table  opposite  to  828,  which  would  be  the  answer  were  the  index  2 ;  but  at  the 
index  is  3,  the  answer  must  be  made  to  consist  of  four  figures,  which  is  done  by 
supplying  to  the  right  of  the  figures  a  cipher,  making  the  answer,  as  above, 
8280. 
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Required  the  capacity  of  an  exoaTatioiit  whoae  length  it  205,  hreadth  128. 
and  depth  25  feet. 

■UMBEKa.  LOOARITHMt. 

295  2-4698220 

128  2 1072100 

25  1-3979400 

Product.    914000  5-9749720    Sum. 

Again,  let  the  numbers  8-2,  25, 1*12,  *125,  'Old,  and  004  be  continnaDj 
■Miltiplied  together. 

MUMBBRa.  LOOABITHMS. 

3-2  0.  5051500 

25-  1-  3979400 

M2  0-  0492180 

•125  I-  0969100 

•015  2-  1760913 

•004  3-  6020600 

Product    '000672  4*    8273693 

The  number  in  the  table  corresponding  with  the  decimal  part  of  the  sum 
of  these  logarithms  is  672,  but  as  the  index  is  "i  there  must  be  three  cyphers 
prvfiscd  to  this  number  to  constitute  the  product  or  answer  which  is  therefore 
-000672. 

DivisioH,  being  the  reverse  of  Multiplication,  and  performed  by  subtraction 
of  logarithms,  requires  but  little  explanation. 

For  illustration,  let  944000  be  divided  by  3200,  thus  .— 

MUMBBBS.  LOOABITHMS, 

Dividend  944000  5-9749720    From 

Divisor. .      3200  3-5051500    Substract 

Quotient  .    295   *  2-4698220    Difference. 


vai 


Again,  let  -00815  be  divided  by  0025. 

NUMBERS.  LOOABITHMS. 

.00815  3-9111576 

.0025  2-3979400 

Quotient  .326  1-5132176 

Let  493  be  divided  by  937. 

MUMBBEa.  LOOARITBIIS. 

Dividend.  .493  2  6928469 

Divisor. .  .    937  2*9717396 

Quotient.    -526  17211073 

Here  the  logarithm  to  be  subtracted  being  the  greater  of  the  two^  the  index 
of  the  difference  is  1,  which  renders  the  quotient  a  dedmaL 

Ibtolutioh,  or  the  raising  of  powers,  is  performed  by  multiplying  the  loga- 
lidun  of  the  given  number  by  the  index  of  the  power  to  which  it  is  required  to 
k  laised,  thus  :— 

Let  26  be  squared,  or  raised  to  the  second  power. 


118  LOGARITHMS. 

NUlfBEES.  LOGARITHMS. 

26  1-4149733 


Power 676  2-8299466    Fh>duct 


Required  the  cube  root,  or  third  power  of  9. 


NUMBERS.  LOGARITHMS. 

9  0-9542425 

3 


Power  ...    729  2  8627275 


Required  the  9th  power  of  1.05,  which  will  be  the  amount  of  1/.  in  nine 
years,  at  5  per  cent  compound  interest. 

NUMBERS.  LOGARITHMS. 

1-05  00211893 

9 


Amount. .     1-55  or  1/.  Us 01907037 


From  this  example  it  is  manifest  that  the  amount  of  money  laid  out  at  com- 
pound interest  for  50,  100,  or  any  other  number  of  years,  can  be  found  by  loga- 
rithms with  the  greatest  facility,  though  the  operation  by  common  arithmetic 
is  very  tedious,  requiring  a  distinct  multiplication  for  each  year. 

Evolution,  or  the  extraction  of  roots,  is  performed  by  dividing  the  logarithm 
of  the  ^ven  number  by  the  index  of  the  root  required.  Let  this  be  illustrated 
by  finding  the  square  root  of  324. 

NUMBERS.  logarithms. 

324  2)2-5105450 

Root...     18  1-2552725 

Required  the  ninth  root  of  1*55 

numbers.  togarithms. 

1-55  9)01903317 

Root...    1-05  00211479 


As  it  may  occasionally  be  desirable  to  apply  the  foregoing  table  to  numbers 
beyond  its  limits,  the  manner  of  doing  so  is  subjoined. 

To  find  the  logarithm  of  a  number  exceeding  three  figures,  it  is  evident  that 
the  logarithm  of  the  first  three  must  be  augmented  by  such  a  proportion  of  the 
diflerence  between  it  and  the  next  greater  logarithm,  as  the  remaining  figures 
of  the  given  number  bears  to  unity  with  as  many  cyphers  as  may  be  required ; 
thus — to  find  the  logarithm  of  47583,  the  logarithm  of  the  first  three  figures 
475  is  6766936,  and  the  next  greater  is — 
6776070 

9134  their  difference. 


Now  take  the  proportion  as  1  :  *9134  :  :  83  :  75 

83 


27302 
73072 


1>0000)75'8022,  or  7498  nearly  -  which  being  added 
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to  the  fint  logarithm,  gives  4*6774516  for  the  logarithm  of  47583.  On  the 
contrary,  if  the  number  be  required  for  a  logarithm  not  to  be  found  in  the 
table,  to  the  first  three  figures  corresponding  with  the  next  less  logarithm,  are 
to  be  subjoined  the  result  of  the  following  proportion ;  viz. — As  the  dificrence 
between  the  next  greater  and  next  less  logarithm  is  to  unity,  with  as  many 
cyphers  as  may  be  required,  so  is  the  difference  between  the  given  logarithm 
and  the  next  less  to  tne  figures  to  be  subjoined  to  those  found  in  the  table. 
Thus — Suppose  it  were  requured  to  find  the  natural  number  corresponding  with 
4-6968455 

The  next  less  logarithm  in  the  Uble  is  .    .     .    .    6963564 
The  next  greater 6972293 

Difference  .  .  872*9 


The  given,  logarithm 6968455 

Next  less    , 6963564 

Difference  .  .  .  4891 


Now— As  8729  :  100  :  :  4891  :  56 

100 


8729)489100(56 
43645 


52650 
52374i 

ft 

Whkh  being  8ul]joined  to  497,  the  three  figures  found  in  the  table  opposite  to 
the  next  less  logarithm,  eive  49756  for  the  number  of  the  eiven  logarithm. 

LOGWOOD.  A  hard  compact  wood,  so  heavy  as  to  sink  in  water ;  of  a  fine 
grain,  capable  of  beine  polished,  and  so  durable,  as  to  be  scarcely  susceptible 
of  decay.  Its  predominant  colour  is  red,  tinged  with  orange,  vellow,  and  black. 
It  yields  its  colour  both  to  spirituous  and  watery  menstrua.  Alcohol  extracts  it 
more  readily  and  copiously  than  water.  The  colour  of  its  dye  is  a  fine  red, 
inclined  a  little  to  violet  or  piuple,  which  left  to  itself,  becomes  yellowish,  pur- 
ple, and  at  leneth  black.  Acios  turn  it  yellow,  alkalies  deepen  the  colour,  and 
give  it  a  purp^  or  violet  hue.  A  blue  colour  is  obtained  from  logwood,  by 
mixing  verdigris  with  it  in  the  dye  bath.  The  great  consumption  of  logwood 
is  for  Uacks,  to  which  it  gives  a  lustre  and  velvety  cast ;  it  is  also  extensively 
Med  as  a  red,  purple,  or  black  dye  to  beech,  and  various  white  woods. 

LONGIMEiRY.  The  measwing  of  lengths  and  distances,  both  accessible 
tnd  inaccessible.  Accessible  distances  are  measured  by  the  application  of 
tome  lineal  measure,  as  a  foot,  a  chain,  &c.  Inaccessible  distances  are  measured 
\j  taking  anries,  &c.  by  means  of  proper  instruments ;  such  as  the  circum- 
fisentor,  qnacuant,  and  theodolite. 

LOOM.  A  machine  for  weaving  cloth,  of  which  there  are  various  kinds. 
See  Weaving. 

LOZENGES,  or  Troches,  are  small  articles  of  confectionery,  sometimes 
medicated,  and  usually  made  up  t)f  the  form  of  thick  wafers.  The  basis  of 
&eir  composition  is  refined  sugar,  which  is  finely  pulverised  and  sifted,  then 
nixed  up  in  a  mortar,  with  just  a  sufficient  quantity  of  thick  mucilage,  to  make 
t  veiy  firm  paste ;  to  which  is  added  the  essential  oil  or  other  flavouring  ingre- 
tot  or  meoicament.  When  the  paste,  so  made,  is  of  the  right  consistence 
to  be  rolled  out  into  a  solid  and  smooth  sheet,  that  operation  should  t)e  quickly 
perfonned  by  a  cylindrical  roller,  the  ends  of  which  should  run  upon  slips  or 
pnjections  above  the  board,  of  the  thickness  of  the  intended  lozenge.  Thus 
foRed  out,  the  lozenges  should  be  quickly  cut  out  with  the  punch  or  cutter;  which 
ii  umaDy  the  hollow  fhutrum  of  a  cone,  with  sharp  edges  at  the  narrow  end,  and 
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18  made  either  of  tinned  plate,  iron,  or  steel.  As  soon  as  these  are  cut  out,  the 
remaining  pieces  which  formed  the  interstices  between  the  lozenges,  shouM  be 
rolled  up,  or  beaten  together  in  a  mortar,  then  rolled  and  cut  out  again ;  and  this 
operation  continued,  until  the  whole  material  is  used  up.  But  if  furUier  quantities 
are  required  of  the  article  under  operation,  then  the  remnants  of  one  cutting  ma? 
be  added  to  the  succeeding  batch.  In  the  pharmacopeias,  gum  tragacanth  is 
recommended  as  the  mucilage  to  be  used  in  making  medicinal  lozenges.  Lozenge 
makers,  however,  rarely  use  this  gum,  as  besides  being  much  dearer,  it  is  incon- 
venient in  use,  and  does  not  make  so  elegant  a  lozenge  as  gum  Arabic  or  Senegal. 
The  latter  when  in  proper  quantity,  (which  is  about  one  ounce  of  very  thick  muci- 
lage to  a  pound  of  nnely  powdered  sucar,)  gives  to  the  lozenges  made  therewith, 
a  semi-transparency  and  hardness,  which  is  regarded  in  the  trade  as  a  test  of 
a  well-manufactured  article.  When  essential  oils,  (such  as  peppermint,  roses, 
cinnamon,  &c.)  are  used  as  the  flavouring  ingredients,  they  should  not  be  added 
until  the  paste  is  otherwise  nearly  completed,  as  their  great  volatility  causes  a 
waste  of  their  essential  properties  when  long  under  the  hands  of  the  operator. 
In  making  lozenges  containing  balsams,  such  as  the  /o/ii,  the  balsams  may  be 
advantageously  mixed  with  the  mucilage ;  and  those  in  which  powders,  such 
as  ginger  are  to  be  mixed,  the  manner  of  performing  it  is  a  matter  of  indif- 
ference. 

LUTE,  or  Luting.  A  mixed,  tenacious,  ductile  substance,  which  being 
applied  between  the  junctures  of  distillatory  and  other  vessels,  grows  solid  by 
drying,  and  effectually  stops  up  the  crevices.  Lutes  are  of  difierent  kinds, 
according  to  the  nature  of  tne  operations  to  be  made.  When  vapours  ot  watery 
liquors,  and  such  as  are  not  corrosive,  are  to  be  contained,  it  is  sufficient  to 
surround  the  joiner  of  the  receiver  to  the  nose  of  the  alembic,  or  of  the  retort, 
with  slips  of  paper  or  of  linen,  covered  with  flour  paste.  In  such  cases  also 
slips  of  wet  bladder  are  very  convenientiy  used.  When  more  penetrating  and 
dissolving  vapours  are  to  be  contained,  a  lute  is  to  be  employed  of  quicklime 
slacked  in  the  air  and  beaten  into  a  liquid  paste  with  the  whites  of  eges.  This 
piste  is  to  be  spread  upon  linen  slips,  which  are  to  be  applied  exacuv  to  the 
joinings  of  the  vessels.  This  lute  is  very  convenient,  easily  dries,  becomes 
soUd,  and  sufficiently  firm.  Of  this  lute,  vessels  may  be  formed  hard  enough 
to  bear  polishing  on  the  wheeL  When  acid  or  corrosive  liquors,  are  to  be  con- 
tained, recourse  is  had  to  fat  lute ;  which  is  made  of  finely  powdered  clay, 
sifted  through  a  fine  sieve,  and  moistened  with  water ;  this  paste  is  then  well 
beaten  in  a  mortar  with  boiled  linseed  oil,  rendered  drying  by  htharge.  This  lute 
easily  takes  and  retains  the  forms  given  to  it  It  is  generally  rolled  into  cylin- 
drical sticks  of  a  convenient  size  for  use.  They  are  applied  by  flattening  them 
to  the  joinings  of  the  vessels,  which  ought  to  be  perfectiy  dry,  because  the  least 
moisture  wotdd  prevent  the  lute  from  adhering.  When  the  joinings  are  well 
closed  with  this  fat  lute,  the  whole  is  to  he  covered  with  slips  of  linen  spread 
with  lute  of  lime,  and  whites  of  eggs.  These  slips  are  to  be  fastened  with 
packthread.  The  second  lute  is  necessary  to  keep  on  the  fat  lute,  because  this 
latter  remains  sofl,  and  does  not  become  solid  enough  to  stick  on  alone.  Fine 
porcelain  clay,  mixed  with  a  solution  of  borax,  is  well  adapted  to  iron  vessels, 
the  part  received  into  an  aperture  beuig  smeared  with  it. 

M. 

MACHINE  signifies  anything  used  to  auspnent  or  regulate  force  or  motion. 
The  simplest  machines,  namely,  the  lever,  Uie  wheel  and  axle,  the  pulley,  the 
inclined  plane,  the  wedge  and  the  screw,  are  usually  denominated  tne  mecha- 
nical powers,  since  all  machinery  is  necessarilv  compounded  of  some  of  them : 
hence  a  machine  is  a  combination,  or  a  pecuuar  modification  of  some  of  the 
mechanical  powers. 

MADDER.  A  substance  very  extensivelv  employed  in  dveing;  it  is  the 
root  of  a  trailing  plant  tiiat  grows  very  abunaantly  in  the  south  of  Europe.  It 
it  cultivated  in  England  and  Holland  also ;  but  the  best  is  said  to  be  that 
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broittht  from  Smyrna  and  Cyprus.  The  roots  of  the  plant  are  carefully  peeled, 
dried  in  the  air,  and  afterwards  in  a  kiln,  in  the  same  way  as  hops  are  dried  in 
Kent  Thev  are  then  chipped  and  pulverized.  ITie  best  roots  are  about  the 
thickness  of  a  goose-quill ;  semi-transparent,  of  a  reddish  colour  and  strong 
sraelL  The  red  colouring  matter  of  madder  is  soluble  in  alcohol,  which,  on 
eiraporation,  leaves  a  residuum  of  a  deep  red.  Fixed  alkali  forms  in  this  solu- 
tion a  violet,  the  sulphuric  acid  a  fawn  coloured,  and  the  sulphate  of  potash  a 
fine  red  precipitate.  A  variety  of  shades  are  obtained  by  the  addition  of  alum, 
chalk,  nitre,  ragar  of  lead,  and  the  muriate  of  tin. 

MAGIC.     The  imposture  by  which  a  few  individuals*  who  had  become 
acquainted  with  some  of  the  more  remarkable  phenomena  of  nature,  and  the 
operations  of  chemistry,  managed  to  enslave  the  minds  and  bodies  of  their  igno- 
rant fellow -creatures.     An  acquaintance  with  the  motions  of  the  heavenly 
bodies,  and  the  variations  in  the  state  of  the  atmosphere,  enabled  its  possessor 
to  preidict  astronomical  and  meteoroloeical  phenomena,  with  a  frequency  and 
accuracy  which  could  not  fail  to  invest  nim  with  a  divine  character.  The  power 
of  bringing  down  fire  from  heaven,  even  at  times  when  the  electric  influence 
was  itaeif  m  a  state  of  repose,  could  be  regarded  only  as  a  gifl  firom  heaven. 
The  power  of  rendering  the  human  body  insensible  to  fire,  was  an  irresistible 
instrument  of  imposture ;  and  in  the  combinations  of  chemistry,  and  the  influ- 
ence of  drugs  and  soporific  embrocations  on  the  human  frame,  the  ancient 
magicians  found  their  most  available  resom*ces.    Tlie  secret  use  which  was  thus 
made  of  scientific  discoveries,  and  of  remarkable  inventions,  has  no  doubt 
pvevented  many  of  them  from  reaching  the  present  times ;  but  though  we  are 
very  ill  informed  respecting  the  progress  of  the  ancients  in  various  departments 
of  the  physical  sciences,  yet  we  have  sufiicient  evidence  that  almost  every  branch 
of  knowledge  had  communicated  its  wonders  to  the  magician's  budget ;  and  we 
may  even  <%tain  some  insight  into  the  scientific  acquirements  of  former  ages,  by 
diligent  study  of  their  fables  and  their  miracles. 

Tne  science  of  aeottstks  furnished  the  ancient  sorcerers  with  some  of  their 
best  deceptions.  The  imitation  of  thunder  in  their  subterranean  temples,  could 
not  fail  to  indicate  the  presence  of  a  supernatural  agent  The  golden  virgins, 
whose  ravishing  voices  resounded  through  the  temple  of  Delplios ;  the  stone 
from  the  river  ractolus,  whose  trumpet  notes  scared  the  robber  from  the  trea- 
nre  which  it  guarded ;  the  speaking  head,  which  uttered  its  oracular  responses 
It  Lesbos ;  and  the  vocal  statue  of  Memnon,  which  began  at  break  of  day  to 
accost  the  rising  sun, — were  all  deceptions  derived  from  science,  and  from  a 
dilkrent  observation  of  the  phenomena  of  nature. 

Ine  i^ciples  of  hydrottatict  were  equally  available  in  the  work  of  deeep- 
tioo.  The  marvellous  fountain  which  Pliny  describes  in  the  island  of  Andros 
IS  discbareing  wine  for  seven  days,  and  water  for  the  rest  of  the  year ;  the 
oriiiff  of  oil  which  broke  out  in  Rome  to  welcome  the  return  of  Augustus  from 
toe  Sicilian  war ;  the  three  empty  urns  which  filled  themselves  with  wine  at  the 
umtial  feast  of  Bacchus  in  the  city  of  £lis ;  the  glass  tomb  of  Belus,  which  was- 
fbU  of  oil,  and  which,  when  once  emptied  by  Xerxes,  could  not  again  be  filled , 
the  weeping  statues,  and  the  perpetual  lamps  of  the  ancients  ;-^were  all  the 
obviotts  efifects  of  the  equilibrium  and  pressure  of  fluids. 

Although  we  have  no  direct  evidence  that  the  philosophers  of  antiquity  were 

ddOed  in  meckamcs,  yet  there  are  indications  of  tneir  knowledge,  by  no  means 

c<{aiTocal,  in  the  erection  of  the  Egyptian  obelisks,  and  in  the  transportation  of 

buge  masses  of  stone,  and  their  subsequent  elevation  to  great  heights  in  their 

temples.  The  powers  which  they  employed,  and  the  mechanism  by  which  they 

<)paated,  have  been  studiously  concealed ;  but  their  existence  may  be  inferred 

ft^Mn  the  results  otherwise  inexplicable,  and  the  inference  derives  additional 

confinnation  from  the  mechanical  arrangements  which  seem  to  have  formed  a 

put  of  their  religious  impostures.     When  in  some  of  the  infamous  mysteries  of 

■i^cieQt  Rome,  the  unfortunate  victims  were  carried  ofi*  by  the  gods,  there  is 

w«>ii  to  believe  that  they  were^hurried  away  by  the  power  of  machinery ;  and 

^bea  ApoUonius,  conducted  by  the  Indian  sages  to  the  temple  of  their  gods, 

"^  the  earth  rising  and  falling  beneath  his  feet  like  the  agitated  sea,  he  wa«  no 

»0l.  11.  o 
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doubt  placed  upon  a  moving  floor,  c*nable  of  imitating  the  hckving*  of  Iht 
vavet.  The  rapid  dexcent  of  thoM  nho  contulted  the  oracle  in  the  ove  cd* 
TrophaniuB — the  moving  tripodi  wbicli  ApoUoniua  law  in  the  Indian  temples  of 
the  oHlking  itatuei  of  Antium,  and  in  the  temple  of  HierepoUi — and  the 
wooden  pigeon  of  Arcbytaa,  are  ipeciineui  of  the  mechanical  TCHnmxa  of 

But  of  all  the  uiencei,  opfici  ii  the  moat  fertile  in  rauvellou*  expedient*.  The 
power  of  bringing  the  remoteit  objects  vithin  the  very  grasp  of  the  ohaerrer, 
and  of  swelling  into  gigantic  magnitude  the  almost  inviiible  bodies  of  the 
material  world,  never  tails  to  inspire  with  astonishment  even  those  who  under- 
stand the  means  hy  which  these  prodigies  are  accomplished.  The  ancienti, 
indeed,  were  not  acqusinted  with  those  combinations  of  lenses  and  mirrors 
which  constitute  the  telescope  and  the  microscope  ;  but  thejr  must  have  been 
familiar  with  the  property  oflenaea  and  mtrrDrs  to  forin  erect  and  inverted  images 
of  the  objects.  There  is  reason  to  think  that  they  employed  them  to  effect  lh« 
apparition  of  their  gods ;  and  in  some  of  the  descriptions  of  the  optical  dia* 
plays  which  hallowed  their  ancient  temples,  we  recognise  the  transformation* 
of  the  modem  phantasmagoria. 

MAGIC  LANTERN.  An  optical  machine  employed  to  throw  a  magnified 
image  of  painUngs  upon  glass  or  any  transparent  substance  on  a  white  screen 
in  a  darkened  chamber.  It  has  generally  been  devoted  to  the  amusement  ot 
children,  pain^ngs  of  a  ludicrous  description  being  its  usual  accompaniments; 
but  it  may  be  employed  with  propriety  to  illustrate  the  principles  of  the  science^ 
by  a  selection  of  suitable  diagrams.  The  apartment  in  which  the  exhibition  is 
made  should  be  completely  darkened,  and  no  light  allowed  to  escape  Irom  tha 
lantern  except  what  passes  through  the  glasses.  To  increase  the  light,  a  eon- 
cave  reflector  is  frequently  used,  of  such  a  curvature,  that  the  candle  i*  in  it* 
focus,  so  that  the  rays  proceeding  from  it,  fall  parallel  upon  the  glass  next  the 
candle.  The  glass  sliders  upon  which  the  pictures  are  made,  are  generally  of 
sufficient  length  to  contain  leveral  sets  of  figures ;  the  slider*  being  introduced 
by  an  opening,  cut  in  each  side  of  the  tube  containing  (he  lenses.  A  leclioti 
of  this  machine  is  slionu  below. 


MAGNESIA.  One  of  the  primidvo  earths,  having  a  metallic  base  called 
magnesium.  It  is  a  soft  white  powder ;  of  specific  gravity  2.3.  It  render*  tb* 
■ynip  of  violet*,  and  the  infusion  of  red  cabhage,  green ;  and  redden*  tui^ 
meric.  It  is  inAiMble,  except  by  the  oxy-hydrogen  blow-pipe.  It  has  scaredy 
any  taste,  and  no  imell ;  is  nearly  insoluble  in  water,  but  absorb*  that  liquid 
with  the  production  of  heat     Its  chief  use  is  in  medicine. 

MAGNET,  OH  LOADSTONE,  is  a  ferruginous  stone  or  ore  of  iron ;  it  bM 
the  property  of  attracting  iron,  of  pointing  itself  in  a  certain  direction,  and  of 
oommunicating  the  same  proper^  to  steel  or  icon. 

MAHOGANY.  Ths  beautiftil  reddish  brown  coloured  wood  of  wliidi 
household  furniture  it  now  chiefly  made.  It  is  a  native  of  the  warmest  part*  of 
America  and  the  West  Indie*.  It  thrive*  in  moat  soils  iu  the  tropical  climate*, 
but  varies  in  texture  and  grain  according  to  the  nature  of  the  soil.  On  rock* 
it  i*  of  a  smaller  size,  hut  vetv  hard  and  weighty,  of  a  close  grain,  and  bean- 
tifully  shaded ;  while  the  produce  of  the  low  and  liclier  lands  is  ofaterred  to  ba 
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uid  poroui,  of  a  paler  colour,  and  open  greiti ;  and  that  of  mixed 
«1d  a  medium  between  both.  The  tree  grows  very  tall  and  tlraigli^ 
■fld  i(  usually  tbm'  fe«t  in  diameter.  On  account  of  the  ditficuhj  of  trana- 
pottiog  the  mohogan)'  timber  from  tha  foreiU,  when  a  tree  ii  of  great  tbickneM 
th^  ctrt  it  into  •hott  It^*,  otberwiie  the  great  weight  and  bulk  would  be 
anmanagcsble  with  the  reitricted  meani  available  on  the  ipot ;  and  with  the 
new  of  equalixing  the  burthen  or  draft  of  the  cattle  (oxen),  the  logi  are  long 
in  pmportion  to  their  dimintahed  thickneH.  The  largest  log  ever  cut  in  Han- 
dnni  woa  of  the  followins  dimeniioni: — length,  17  feet;  breadth,  fi7  inches; 
jepth  S4  inchei;  meaouring  5,421  feet  of  plank,  of  I  inch  in  thickness,  and 
Wdghins  upwards  of  15  tons. 

MAIZE,  oa  INDIAN  CORN  being  now  cultivated  to  aome  extent  in  di^ 
Irrent  parts  of  this  countnr,  we  have  given  the  engraving  on  the  fallowing 
page  of  a  machine  for  husking  the  com,  or  separating  the  graim  from  the  ear, 
s  fncm  eqiuvalent  to  that  of  thrashing  employed  for  other  grain,  a  is  a 
oaak  handle  or  winch,  which  being  turned,  gives  motion  to  a  spur  wheel  b, 
tnd  thereby  causes  a  rapid  revolution  of  the  pinion  c,  on  the  shaft  of  which  ia 
iked  a  large  circular  cosl-iron  plate  d,  the  face  of  which  is  studded  all  over  with 
veij  nnmenHU  cast-iron  teeth  or  knobs ;  t  Is  the  hopper  of  the  figure  of  a  narrow 
bTcrted  quadrangular  pyramid;  it  faa*  one  of  its  sides  movable,  and  capable  of 
s  very  simple  odjustmeni  by  turning  as  a  lever  upon  a  fulcrum  at  g,  by  which 
BOTcment  the  torture  of  dischawe  is  enlarged  or  contracted;  and  it  should 
ke  so  regulated  as  only  to  admit  oi  the  central  stalks  of  the  cobs  of  the  Indian 
nsn  to  pass ;  these  differ  in  size  according  to  the  fertility  of  the  soil,  the 
dimate,  and  the  treatment  of  the  plant  At  k  there  is  a  curved  slot  mortise 
tbraogh  the  nde  of  the  hopper,  through  which  the  stem  of  a  thumb-screw 
passes  from  the  outside  into  the  movable  plate,  which  is  confined  ir 
St  pleasure  by  half  a  turn  of  the  screw. 
In  America,  where  these  machines  are 
cnamon,  they  are  usuallv  worked  by 
we  pemm  turning  the  winch  a,  which 
[ives  very  rapid  revolutions  to  the  plate 
i,  vhiUt  a  boy  drops  one  bv  one  the  cobs 
rf  Indian  com  into  the  hopper,  which 
ames  each  cob  succeeaively  to  spin 
mmd  upon  its  axis,  or  stalk  with  greet 
rdoeity,   rubbing  or   knocking  out  the 

r'  I  in  its  progress ;  and  *o  effectual  is 
DToeess,  that  a  single  turn  of  the 
(iiKli  a  completely  husks  a  large  cob  of 

MALLET.  A  large  kind  of  hammer, 
nade  of  wood ;  they  are  of  various  forms, 
according  to  the  kind  of  work  to  be  per- 
£«med  b*  them. 

Halt.  Grain  which  has  become  sweet 
hnathe  conversioti  of  its  starch  into  sugar, 
^sn  incipient  growth  or  germination  arti- 
^dsDy  induced,  colled  maltka.  In  molt 
BgWriey  the  usual  method  is  to  steep  the  grain  in  a  sufficient  quantity  of  water 
ta  two  or  ^ree  days,  tiU  it  swells,  becomes  plump,  somewhat  tender,  and  tinges 
tta  stler  of  a  bright  brown  or  reddish  colour.  The  water  being  then  drained 
s^.  the  barley  is  spread  about  two  feet  thick  upon  a  floor,  where  it  heats  apon- 
the  radicle.     In  thia  stata 

-I- -p  -.  — -r,  and  turning  it  over  once 

_j-    „  days;  after  which  it  is  again  made  into  a  beat, 

nd  wEered  to  become  sensibly  hot  lo  the  hand,  which  usually  takes  place  in 
■"B  twenty  lo  thirty  hour* ;  when  it  is  spread  out  to  cool,  and  afterwards  dried 
"p  the  kiln,  bv  a  low  and  continuous  heat,  which  renders  it  dry  and  crisp. 
'» eommon  maJt-kiln  is  a  square  building,  widening  gradually  within,  from 


"mniy,  and  b^ns  to  grow  by  first  shooting  . 
''X  gRminatioD  is  stopped,  by  spreading  it  uii 
•••T  fbor  or  five  hours  "     -        •  p       .  . 
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tlie  fire-place  to  a  floor  ebovr,  on  wliich  the  malt  ii  laid.  It  may  be  compared 
to  ail  inverted  pyramid,  iiavins  a  fire-place  in  its  vertex,  and  its  bue  covered 
by  a  floor,  on  which  the  malt  u  dried  b;  the  heat,  and  more  or  leai  imoke 
(according  to  the  nature  or  the  fuel  and  management  of  the  fire),  which  ucendl 
from  the  Gie  beneath.  The  floor  ii  uiuallj  formed  of  tilei  lupported  upon  iron 
barv ;  the  dies  have  lai^  holes  made  nearly  through  them  from  the  lower  aide, 
and  then  very  small  holes  pricked  entirely  throueh  them.  In  lome  kihu  weha 
of  wire,  covered  with  haiiH^oth,  ere  used  instead  of  the  perforated  tilei.  Tha 
fuel  commonly  used  it  either  colie  or  stone  coal ;  sometimes  wood,  and  tba 
hot-air  that  passes  through  the  malt,  has  previously  passed  through  the  naked 
lire.  An  improvement  in  this  reapect  has,  however,  been  lately  introduced, 
which,  by  means  of  a  cast-iron  tube,  opeu  estemdly  to  receive  the  air,  and 
extended  across  the  furnace  and  horizanttil  fine  to  acquire  heat,  thus  deUven 
the  ur  to  the  malt  at  an  elevated  temperature,  and  free  from  smoke,  as  well  as 
other  impurities.  Distillers  and  brewers,  whose  buildingi  are  so  relaliTelj 
situated,  may  thus  lead  the  air  cylinder  for  their  malt  kihis  through  the  fiir> 
naces  of  tlieir  stills  or  boilers,  and  thus  save  the  necessity  of  a  distinct  fiimacB 
for  the  malt,  and  a  great  portion  of  the  coat  of  fuel. 

An  important  improvement  in  malt  kilns  was  introduced  by  Mr.  Salmon,  a 
maltster  of  Stokefeiry,  in  Norfolk,  in  1829,  and  for  which  he  took  out  letter* 
patent.  This  consists  in  admitting  a  portion  of  the  hot-air  from  the  flue  into 
the  part  of  the  kiln  above  the  malt,  during  the  process  of  drying,  instead  of 
causing  al]  the  hot  air  to  pasa  through  the  malt  according  to  the  customaij 
practice.  Tlie  object  of  this  arrangement  ia  to  promote  the  evaporaUon,  and  ta 
carry  away  the  moiat  air  instead  of  allowing  it  to  he  again  condensed,  and  depo- 
sited on  the  surlace  of  the  malL  The  grain  floor  of  the  kiln  is  mode  in  the 
,  ft  portion  of  the  heated  air  passing  through  the  small  perforation* 


large  openings  fnmiahed  with  tubes,  or  by  small  flues  which  extend  higher  than 
the  sunace  of  the  malt  on  the  floor,  and  thus  a  portion  of  the  hot  air  is  con- 
veyed in  a  dry  state  to  the  space  above  the  surface  of  the  malt.  The  vapour 
that  arisea  from  malt  when  drying  in  the  kiln,  is  discharged  into  the  air  through 
s  hood  or  cowl,  which  turns  round  by  means  of  a  vane,  so  that  the  opening 
shall  always  be  in  the  oppoaite  direction  to  that  from  which  the  wind  blows: 
but  the  aperture  of  the  commoD  cowl  alwayi  remains  of  the  same  magnitude, 
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and  therefore  the  draft  through  the  fire  admits  of  no  accurate  regulation ;  and 
malt-houses  are  not  unfrequently  set  on  fire  in  making  high-dried  malt,  because 
the  fire  is  not  perfectly  manageable.  Mr.  Perkins^  of  Stanstead,  in  Hertford- 
riiire,  has,  however,  invented  a  cap  (for  which  he  received  an  honorary  medal 
from  the  Society  of  Arts),  possessing  all  the  advantages  of  the  common  cowl,  with 
the  additional  one  of  regulating  the  opening,  and  consequently  the  draft  and 
intensity  of  the  fire.  It  also  entirely  excludes  wet  when  the  wind  is  still  and 
the  rain  falls  perpendicularly  in  showers,  which  is  not  effectually  done  with  the 
common  cowl,  to  the  great  injiiry  of  the  malt  lying  on  the  floor,  and  the  rusting 
of  the  wire-work  when  that  material  is  employed  for  the  floor.  Fig,  1  in  the 
engraving  on  p.  124,  represents  the  turn -cap  a  a  and  the  neck  hhin  section ;  c  c 
a  square  iron  W  or  spindle,  sliding  through  a  square  hole  in  the  middle  of  the 
iron  plate  or  bar  in  d^  and  trough  another  in  the  middle  of  the  beam  e ;  the 
cap  a  a  turns  upon  the  upper  cylindrical  portion  of  this  bar,  and  the  bar  itself 
is  supported  and  hangs  entirely  on  the  cham/attached  to  the  pulley  0,  which  is 
mounted  on  a  carriage  on  the  beam  e  ;  on  the  same  axis  is  a  larger  pulley  h  with 
a  chain  attached  to  it  at  t,  and  from  which  a  chain  and  weight^  nangs,  sufficient 
to  balance  the  weight  of  the  slidine  bar  c,  and  turn-cap  a  a.  By  raising  the  weight 
j  the  cap  is  lowered  and  finally  shut ;  and  on  lowering  the  weight  the  cap  is 
raised  quite  up,  or  held  at  any  intermediate  height  Fig,  2  is  a  section  of  the 
neck  between  the  bars  d  and  e.  Fig,  3  is  a  top  view  of  the  bar  d^  showing  the 
bole  throi^h  which  the  spindle  passes ;  A*,  Fig,  3,  is  a  similar  iron  bar  across  the 
cap  a  a.  The  chain  /  should  be  attached  quite  close  to  the  bar  c  c,  to  lessen 
its  tendency  to  lean  on  one  side.  Malt  may  be  dried  upon  the  same  kilns  as 
are  used  for  dr3rin^  grain  generally ;  see  the  article  Kilns. 

MALTHA.  The  mineral  tallow  of  Kirwan,  said  to  be  found  on  the  coast  of 
Finland,  also  on  the  lake  Baikal,  in  Siberia.  It  resembles  wax,  and  has  hence 
been  denominated  sea-wax.  It  is  a  solid  substance,  spec.  grav.  0.77,  white,  brittle, 
itsins  paper  like  oil,  melts  with  a  moderate  heat,  and  bums  with  a  blue  flame 
and  mucn  smoke ;  dissolves  readily  in  oil,  and  imperfectly  in  hot  alcohol.  The 
temi  wudUia  i»as  likewise  applied  by  the  ancients  to  a  species  of  cement,  of 
which  there  were  two  kinds,  native  and  factitious ;  one  of  the  latter  consisted 
of  pitch,  wax,  plaster,  and  grease ;  another  (which,  it  is  said,  they  used  in  their 
aqueducts)  was  made  of  lime  slacked  in  wine,  and  incorporated  with  melted 
pitch  and  fresh  figs. 

MANDREL  is  the  name  given  to  a  kind  of  pulley,  foniiing  an  important 
part  of  a  lathe;  there  are  various  kinds, — see  Turning. 

MANGANESE,  is  a  metal  of  a  dull  whitish  colour,  but  soon  changes  to  a 
dark  grey  by  exposure  to  the  air.     It  is  hard,  brittle,  rough  in  its  fracture ;  not 
pulverizable,  but  falls  to  powder  when  broken  to  pieces  by  spontaneous  oxida- 
tion.   It  is  so  difficult  of  fusion,  that  no  heat  yet  exhibited  has  caused  it  to 
nin  into  masses  of  any  considerable  magnitude.     Concentrated  sulphuric  acid 
attacks  manganese,  at  the  same  time  that  hydrogen  gas  is  disengaged.     Nitric 
acid  dissolves  it  with  effervescence,  and  the  escape  of  nitrous  gas.     A  spongy, 
black,  and  friable  matter  remains,  which  is  a  carburet  of  iron.    The  oxide  is 
more  readily  soluble  in  nitrous  acid.     Manganese  is  dissolved  in  the  usual 
manner  by  muriatic  acid.     In  the  dry  way,  the  oxide  of  manganese  combines 
^th  such  earths  and  saline  substances  as  are  capable  of  undergoing  fusion  in  a 
■trong  heat.      Manganese  melts  readily  with  most  of  the  other  metals,  but 
^ects  mercury.     Gold  and  iron  are  rendered  more  fusible  by  a  due  admixture 
<n  manganese,  and  the  latter  metal  is  rendered  more  ductile.     Copper  becomes 
len  fusible,  and  is  rendered  whiter,  but  of  a  colour  subject  to  tarnisli.    The  ore 
of  manganese,  known  in  Derbyshire  by  the  name  of  black  waddy  is  remarkable 
for  its  spontaneous  inflammation  when  thoroughly  dried  with  oil.     Manganese 
i*  chiefly  used  by  the  glass  makers  and  potters,  but  since  the  discovery  of 
eblorine,  its  application  m  the  art  of  bleaching  has  much  extended  its  useful- 
n^u.    See  Bleaching. 

Mangle,     a  domestic  machine  of  great  utility,  employed  in  smoothening 

^^^^i  as  a  substitute  for  the  heated  irons  extensively  used  for  the  same  purpose. 

Id  the  common  mangle,  as  most  of  otu:  readers  well  know,  the  Unen  or  other 


■rtiole*  to  be  muigled  are  wrapped  round  wooden  rollers,  which  we  placed 
upon  a  xrfid  level  bri  or  floor,  and  upon  the  rollerf  »  placed  a  large  oblong  box, 
iSiich  »  6Led  with  itouei,  or  other  heavy  luUtancei,  in  order  that  they  may 
prea  with  great  force  upon  the  rollers,  while  the  box  ii  moved  backworda  and 
j^ardi  upon  them,  by  meani  of  a  handle  attached  to  an  upper  roller  or  wind- 
Ian,  to  which  itrap*  from  each  end  of  the  moving  box  are  attached.  By  this 
machine,  the  operation  of  mangling  is  very  well  done,  but  the  labour  u  exca- 
•ive  on  account  of  the  neceuity  of  frequenlly  etreeting  and  changing  the  motion 
of  the  heavy  box.  In  Chba,  mangling  is  performed  in  the  moat  perfect  man- 
ner by  a  machine  of  the  tame  kind  a>  our  common  mangle,  but  fat  limpler. 
A  concavity  ii  formed  in  the  floor  of  the  apartment,  of  a  hard  and  polished 


wood,  into  which  ig  placed  a  roller,  with  the  cloth  intended  to  be  mangled,  aroand 
it.  A  heavy  stone,  (to  shaped  al  to  rest  on  either  end  while  the  operator 
examines  bis  work,)  is  then  glided  on  the  roller,  and  its  elevalioni  alternately 
pressed  hy  his  feet,  so  that  the  article  shall  receive  an  equal  pressure  on  every 
part  of  it.  The  man  supports  himself  by  bamboos  placed  in  the  floor  for  that 
purpose,  as  represented  by  the  above  engraving,  and  after  a  labour  of  four  or 
•'--'■       -^  ■   ■      ■    ■    >'    'nisTied. 

,  delineated  in  the  engravingon  p.  127,  baa 
been  applied  with  good  etfect,  by  Mr.  Pitcher,  for  the  purpose  of  mangling  linen. 
It  consists  of  a  roller  about  4  inches  in  diameter,  and  30  inches  long,  with  apiee* 
of  the  thick  woollen  cloth  used  for  ironing,  firmly  fixed  thereon.  The  roller  ii 
turned  round  by  means  of  a  winch,  and  ha*  its  bearings  at  the  ends  in  two  stoat 
iron  plates,  screwed  to  the  aides  of  the  table.  Upon  the  roller  retts  a  board, 
of  the  length  and  width  of  the  table,  secured  to  it  at  one  end  by  hingea,  and 
has  at  the  other  end  a  weight  suspended  to  it,  the  pressure  of  which,  upon  turn- 
ing the  winch,  winds  the  wonllen  cloth,  and  ibe  damp  linen  articles  laid  upoa 
It,  BO  tight  upon  the  roller,  that  by  continuing  the  motion,  the  linen  becomes  aa 
noootfa  as  upon  the  common  unwieldy  mangle.     The  roller  rests  upon  the  tabl^ 
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tnd  the  inn  plalM  allow  it  to  n««  and  fall,  according  to  tba  qtuntitf  of  clotfaa 
''■ppcd  roond  it.  Thii  mangle,  whoa  oot  id  uie,  terrea  the  purpoaa  of  a 
oomDion  table,  by  merely  uoahippiDg  the  rollet ;  thia  drcumatanee,  and  the 
laeilily  and  ehaqmcM  with  which  it  nu;  be  conitnicted  by  any  commoii  work- 
man, are  great  reeomniendatiocu  lo  ita  employment  by  auch  m  cannot  afibrd, 
or  who  hare  not  adequate  occasion  for,  the  more  complex  and  perfect  machine*. 


decribed,  wai  effeeled  about  thirty  yeara  ago  by  Mr.  Baker,  of  Fore-itreet, 
London,  by  which  the  otfaerwiM  untrirldy  heavy  box  wai  moved  with  great  facility 
Wkwardi  and  forwards,  by  a  continuoua  motion  of  the  liandle  in  one  direc- 
tiaa ;  and  by  the  additioQ  of  a  fly  wheel  to  equaliie  the  motion,  a  great  annDUnl 
af  moicular  exertion  is  saved  to  the  individual  working  the  machine.  The 
motion  employed  by  Mr.  Baker  is  highly  ingenioui  and  inlcreiting ;  and  although 
it  bas  been  mpeneded  by  olhen  of  a  simpler  and  more  efhcient  kind,  we  can- 
not jiaa  it  by  without  a  brief  notica  of  ita  conitrucCion.  It  consists  of  a  wheel, 
lunag  a  series  of  teeth  or  pins  on  the  outaide  of  the  periphery,  and  another 
■erics  of  similar  teeth  or  pins  upon  the  inside  of  the  periphery.  In  these  teeth 
*  revolving  pinion  works,  traversing  from  the  inside  to  the  outside  of  the  wheel, 
or  the  contrary  way,  during  the  reversing  of  the  moUon,  instead  of  confining 
the  pinion  lo  one  course,  as  in  workiD^  an  ordinary  cog  wheel.  To  enable  the 
pinion  to  do  that,  a  portion  of  the  periphery  of  the  wheel  is  out  away,  through 
which  tbe  pinion  passes,  by  rolling  round  from  the  outside  into  the  inside,  then 
snond  tbe  latter  again  to  the  former ;  the  axis  of  the  pinion  has  therefore  a 
range  or  play  to  ihe  extent  of  tbe  thickness  of  the  rim  of  the  wheel,  between 
*^~  ' —  rt  and  tba  outer  cog*.     From  the  foregoing,  it  is  evident  that  by  the 


d  action  of  the  pinion,  it  turns  the  wheel  round  nearly  a  revolutioD  oi 
wiy,  and  then  through  the  same  space  the  contrary  way ;  and  as  the  two  e 
if  the  loaded  box  are  attached  by  chains  to  the  reciprocatine  wheel,  i 


le  to  traverse  backward  and  forward.  Thistraversingmotion,  by  the  revolu- 
tion of  a  pinion,  was  subsequently  improved  hy  Mr.  Elisha  Peechey,  and  applied 
to  a  very  convenient  mangle,  for  a  model  of  which  Mr.  Peechey  was  awarded 
fts  dver  medal  of  the  Sodety  of  Arts.  This  mangle  had  what  may  be  called 
Mifiperand  a  lower  rack  insule  a  slot,  which  was  mode  to  traverse  by  the  revo- 
■Soa  of  •  pinion,  as  in  Baker's  patent  mangle.  The  pinion  in  this  ease  has  a 
UtAttan  axit,  and  the  bar  in  which  the  racks  are  formed  baa  a  pin  in  its 
4fer  Mde,  whidi  sliding  between  grooves  in  the  plummer  blocks,  keeps  it 
Mng  agidntt  the  pinion  when  tbe  upper  rack  is  operated  upon ;  another  pin 
■tludoo  Ihe  lower  lida  of  the  bar,  which  in  like  manner  keens  it  in  contact 
vilk  die  pimon  when  the  latter  is  operating  upon  tbe  lower  aiae,  the  bar  coii- 
™iiig  the  raeka  thus  always  accommodating  itself  to  the  continuous  motion 
(f  fte  {anion,  which  thereby  impels  it  alternately  in  opponte  directions.  A 
"B^  of  this  kind,  in  which  several  important  improvementa  have  been  in- 
'"wed,  is  monufitclured   by   Mr.  Christie  of  ShelHeld,  in  a  style  of  grest 
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excellence,  and  at  a  very  moderate  cost  Instead  of  the  top  and  bottom  rack, 
this  mangle  is  provided  with  a  stout  metallic  bar,  with  a  row  of  pegs  along  the 
middle  of  one  side  of  it ;  and  parallel  with  the  line  of  these  pegs  there  is  a  deep 
projecting  flange,  designed  to  confine  a  pinion  in  its  hold  upon  the  pees  as  the 
racK  traverses  oackwu^s  and  forwards,  by  acting  successively  on  eacn  side  of 
the  series  of  pins ;  and  the  rack  is  so  balanced  by  weighted  levers,  that  as  the- 
pinion  passes  round  the  endmost  pe^,  at  either  end  the  rack  is  alternately  raised 
and  depressed.  For  a  particular  description  of  this  machine,  see  Beguter  of 
ArU,  Vol.  I.  New  Series,  p.  168. 

A  new  and  very  simple  method  of  producing  the  alternate  motion  of  a 
mangle-box,  by  the  continuous  motion  of  the  handle  in  one  direction,  invented 
by  John  Thurrel,  was  lately  communicated  to  the  Society  of  Arts,  a  plan  of 
which  is  represented  in  the  subjoined  engraving,  a  a  is  the  mangle-box,  h  h 
parts  of  the  frame  which  support  the  axis  cc  ;  d  the  cranked  handle,  e  and/ two 
barrels  loose  on  the  axis  c  c;  to  the  barrel  e  are  fastened  two  cords,  one  of  which, 
after  making  several  coils  round  the  barrel,  passes  from  its  under  side  to  the 
eye  A,  where  it  is  secured ;  while  the  other,  after  having  in  like  manner  coiled 
round  the  barrel,  is  also  delivered  from  its  under  side  to  the  eye  g.  To  the 
barrel  /  are  also  fastened  two  cords,  which  being  delivered  from  the  ttpoer  side 
of  the  barrel  are  respectively  fixed  in  the  eyes  t  and/  The  part  k  of  the  axis, 
between  the  barrels,  is  made  square,  and  is  cut  out  longitudinally  to  receive  the 
lever  /,  which  is  secured  in  its  place  by  a  pin,  but  so  as  to  allow  of  lateral 
motion  between  the  two  barrels ;  each  of  these  barrels  has  a  stud  m  and  n,  so 
placed  that  the  lever  may  be  shifted  to  engage  either  of  them,  and  consequentlv 
to  oblige  that  barrel  with  which  it  may  be  engaged  to  revolve,  together  with 
the  axis ;  o  and  p  are  two  alternating  irons,  each  with  an  eye  at  one  end, 
through  which  a  pin  q  passes,  in  order  to  fasten  them  to  the  mangle  box ;  their 
height  above  the  box  is  such  as  to  allow  them  just  to  clear  the  axis  when  passing 
under  it,  and  the  motion  of  each  b  limited,  but  on  opposite  sides,  by  the 
adjusting  pins  rr. 


The  figure  represents  the  lever  /  as  engaged  with  the  stud  n,  and  consequently 
as  being  fixed  in  the  barrel  e  ;  now  if  the  barrel  is  turned  so  as  to  wind  up  the 
cord  hi  the  cord  ^  will  proportionably  unwind,  and  the  mangle-box  will  move 
from  left  to  rie ht  till  the  end  /  of  the  lever  comes  in  contact  with  the  alternating 
iron  at  the  pomt  o.  By  continuing  to  turn  the  handle,  the  end  of  the  lever 
slides  from  o  to  the  end  of  the  iron,  and  is  brought  into  the  position  shown  by 
dotted  lines ;  the  stud  n  is  consequently  disengaged,  and  the  barrel  e  becomes 
loose ;  at  the  same  time  the  lever  engages  the  stud  m,  and  fixes  the  barrel  /. 
The  handle  being  still  turned  in  the  same  direction  as  at  first,  beeins  to  wind  up 
the  cord  i,  and  thus  makes  the  box  begin  to  move  from  right  to  lefl,  the  cord  j 
at  the  same  time  unwinding  proportionally.  When  the  left  hand  altematiag 
iron  has  begun  to  come  under  the  axle,  the  end  of  the  lever  will  touch  it  at  a. 


vill  riide  along  it  to  the  point  or  the  ansle,  and  in  doing  to  vriU  bring  it  la  the 
potition  ihoiru  in  the  Ggure,  th«  barrel  «  being  now  nied,  and  the  barrel  / 
tang  loose.  Thus  ii  aecompliihed  the  productiun  of  an  alternating  motion  of 
Ihr  box,  by  conlinuinz  to  turn  the  liandie  altrayi  in  the  somi  direction.  Tha 
of  the  lever  i  is  bevelled  off,  ■□  that  if  tlie  handle  is  turned  ii 


direction,  it  panel  between  the  ituda  n  and  n,  and  not  ei 


«>ng 


either  barret 


pcodncei  no  motion  ol  the  mangle-box.  fig.  2  ia  one  of  the  batreli  leparaled ; 
ud  ^.  3  the  iquare  middle  port  of  the  axi*,  *bowing  the  alit  in  which  thf 
lever  traveraea. 

In  1323,  a  patent  wat  taken  out  by  Mr.  Snoirdon  fbi  an  erect  or  vertical 
mangle,  by  which  it  wa*  intended  to  obviate  an  objection  lometiroeB  made  to 
Ae  common  horiiontal  manglei  that  wo  have  been  deacribing ;  namely,  the 
{reat  ipace  the;  occup^f.  Several  patenti  have  indeed  been  taken  out.ibr 
mugle*  of  the  vertical  kind  ;  but,  for  reaaoni  that  we  are  not  acquainted  with, 
bave  not  been  much  patroniaed  by  public  adoption.  The  fallowing  invention 
via  patented  in  1828,  by  Mr.  Samuel  Wilkinson,  of  llolbeck,  in  yorkihire, 
bat,  ai  ilatcd  in  the  ipecincation,  the  machines  so  conitructed  were  to  be  called 
"  Ballintui's  Cabinet  Mangles."  The  annexed  figure  aAbrds  a  aida  view  of  tha 
iRDdpal  part)  of  the  niaclune,  thoae  which  ate  omitted  being  left  out  for  the 
better  eluddadon  of  the  more  essential  parts,  a  a  represents  one  side  of  the 
frame,  h  one  of  the  cheeks  supporting  the  lower  nriler  e;  the  upper  roller  d 
KM  upon  the  lower  one.  Pressure  is  given  by  a  weighted  lever  e,  nupended 
Vr  the  rod/  &om  anatber  lever ^,  which  turns  upon  a  fulcrum  at  i 


PKce  of  hardened  «teel  i  doretoiled  into  it,  againrt  which  the  axis  of  J  works. 
^  loser  roller  c  has  a  wheel  on  iti  axis,  lunied  by  a  pinion  on  the  axia  /  of 
'"  ly  wheel  m,  and  the  fly  wheel  is  made  to  revolve  by  a  handle  on  one  of  its 
V*"-  To  taiae  the  upper  roUer  to  place  under  it  the  articles  to  he  mangled, 
''csrmgii  connected  to  a  sim" -  ■' -   - — "    ' 


n  the  opposite  side  bj  a 
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nupen<led  by  a  chain  from  tlie  wheel  o,  which  being  turned  by  tJie  lerer  a, 
elevales  the  ann  g,  and  with  it  the  upper  roller  d.  The  line  r  merely  repre- 
sent! the  aituation  of  the  mangling  cloth.  The  patentee  is  ailcnt  in  bii  *pe^- 
cation  a»  to  the  mode  of  vorlcing  the  machine,  whether  faj  coatjnuoui  or 
reciprocating  action.  Some  articles  will  require  to  be  passed  under  tbc  rolleis 
more  than  once,  and  we  can  discover  no  method  in  the  preient  machine,  of 
doing  this,  but  by  reTcrsing  the  motion,  which  will  require  attention  on  the  pari 
of  the  mangier,  who  must  watch  until  the  goods  are  nearly  past  the  roller*,  and 
then  reverse  the  motion ;  whilst  the  common  mangle  performs  this  of  itself. 
If  the  mangling  cloth  were  an  endless  web  passing  over  other  rollers,  a  rotatory 
motion  alone  would  be  required  ;  but  the  patentee  does  not  slate  in  his  specifl* 
cation  that  be  uses  any  such  arrangemtnt.  The  machine  seema  calculated  t» 
obtain  a  considerable  degree  of  pressure  in  a  convenient  manner. 

The  sketch  below  is  taken  fnim  a  gmall  model  of  a  mangle  that  was  exhi- 
bited amongst  others  at  tlie  Nntional  Reposiluty,  invented  by  Messrs.' Brook 
and  Webster,  of  Thomhill,  in  Yorkshire,  a  is  a  drum  or  cylinder,  at  one  end 
of  which,  and  on  the  same  axis  is  fixed  the  toothed  wheel  h,  which  is  turned  by 
the  pinion  e  by  the  revolution  of  the  winch  p.  d  and  e  txe  two  rolteta,  round 
which  the  cloth  to  be  mangled  is  wrapped ;  these  rcdlers  are  placed  in  the 
curved  arms  shown,  which  turn  upon  centre  pins  tlfg  ;  h  and  s  are  levera,  the 
bended  ends  of  which  fit  into  toeteti  in  the  cnrved  arms;  (in  the  model,  the 
levers  were  rhelled  to  the  arms,  which  the  editor  considered  to  be  inconvettiat) 
o  0  are  weights  suspended  to  the  levers  to  give  the  pressure,  which  can  be  in- 
creased or  diminished  at  pleasure,  either  by  altering  tlie  actual  quantities  of  the 
weights  or  changing  their  tutuatioD  on  the  levers.  In  order  to  remove  the 
clol&es  from  either  of  the  roUen,  or  to  put  others  on,  the  weight*  must  be  tftken 


tS  the  lever,  the  lever  must  be  lifted  out  of  its  socket  or  be  lifted  up  wilb 
the  curved  arm  which  turns  upon  its  end,  and  be  thrown  back  together.  With 
•ome  slight  modifications  (such  as  an  easy  mode  of  removing  the  load  from  tbs 
levers,  &c.)  this  compact  mangle  may  be  made  very  convenient  and  effective. 

MANNA.  A  white  sweet  juice,  which  ooses  from  the  trunk,  branches,  and 
leaves,  of  several  kinds  of  trees  ;  but  the  ash,  the  larch,  and  the  albagi  effbid 
it  in  the  largest  quantities.  Sicily  and  Calabria,  are  the  countries  from  whence 
it  is  chiefly  obtained  j  where  it  flows  naturally  from  the  ash,  and  attache*  itself 
to  its  sides  in  the  form  of  white  transparent  drops ;  hut  the  extraction  of  this 
juice  is  facilitated  by  incisions  made  in  the  tree  during  summer.  Its  smell  is 
airone,  and  its  taste  sweetish,  and  slightly  nauseous.  Water  dissolves  it,  hot 
or  cold.  If  it  be  boiled  with  lime,  clarified  with  white  of  egg,  and  concen- 
trated by  evaporation,  it  affords  crystals  of  sugar.  This  nib^ance  fbnna  Ut« 
basis  of  many  purgative  medicines. 
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MANOMETER,  an  imtrament  for  measuring  the  rarefaction  and  conden- 
sation of  elastic  fluids,  but  especially  that  of  the  atmosphere.     It  differs  from 
the  barometer  which  shows  only  the  weight  of  the  superincumbent  column 
of  air ;    whereas  the  manometer  shows  the  density,  which  depends  on  the 
omnbined  effect  of  weieht  and  the  action  of  heat.      It  is  sometimes  called 
manoscope.     Amone  the  various  contrivances  of  this  kind  may  be  men- 
tioDed  that  of  the  Hon.  Robert  Boyle,  which  he  calls  a  statical  barometer ; 
which  consists  of  a  bubble  of  thin  glass  about  tho,  size  of  an  orange,  which 
being  eounterpmsed  in  an  accurate  pair  of  scales,  rises  and  sinks  with  the  alter* 
iHons  of  die  atmosphere.    This  instrument,  however,  does  not  show  the  cause 
•f  the  diffFerence  of  density  in  the  atmosphere,  whether  it  be  from  a  change  of 
lis  own  weight,  or  its  temperature,  or  both.    The  manometer  constructed  by 
Mr.  Ramaden,  and  used  by  Capt  Phipps,  in  his  voyage  to  the  North  Pole,  was 
composed  of  a  tube  of  small  bore  with  a  ball  at  the  end ;  the  barometer  being 
197,  a  small  quantity  of  quicksilver  was  put  into  the  tube,  to  take  off*  the  com- 
nnnication  between  the  external  air  and  that  confined  in  the  ball,  and  the  part 
of  the  tube  below  this  quicksilver.     A  scale  is  placed  on  the  side  of  the  tube, 
vhich  marks  the  degrees  of  dilatation  arising  from  the  increase  of  heat  in  this 
itate  of  the  weight  of  the  air,  and  has  the  same  graduation  as  that  of  Fahren- 
heit's thermometer,  the  point  of  freezing  being  marked  32^.     In  this  state, 
therefore,  it  wUl  shew  the  degrees  of  heat  in  the  same  manner  as  a  thermo- 
meter.    But  if  the  air  becomes  lighter,  the  bubble  inclosed  in  the  ball  being 
kn  compressed,  will  dilate  itself,  and  take  up  a  space  as  much  larger  as  the 
compressing  force  is  less ;  therefore  the  changes  arising  from  the  increase  of 
beat  will  be  proportionably  larger,  and  the  instrument  will  show  the  differences 
m  the  density  of  the  air,  arising  from  the  chanees  in  its  weight  and  heat. 
Mr.  Ramaden  found  that  a  heat  equal  to  that  of  Doiling  water,  increased^  the 
magnitude   of  the  air  from  what  it  was  at  the  freezing  point  by  ,^  of  the 
vbole.     Hence  it  follows,  that  the  ball  and  part  of  the  tube  below  the  begin- 
ning of  the  scale,  is  of  a  magnitude  equal  to  almost  414  degrees  of  the  soUe. 
If  die  height  of  both  the  manometer  and  thermometer  be  given,  the  heigbt  of 
the  barometer  may  be  determined  also. 

MAPLE.  From  the  juice  of  this  tree  obtained  by  tapping,  the  Americana 
prepare  a  sn|ra.r,  and  the  Highlanders,  it  is  said,  an  agreeable  wine. 

MARA  NT  A,  or  Indian  Arrow  RooL  From  this  root,  washed,  pounded,  and 
learced  in  water,  is  obtained  the  fashionable  starch  called  arrow-root,  much 
Died  for  infant  and  invalid  food. 

MARBLE,  a  fine  kind  of  lime-stone,  (a  carbonate  of  lime ;)  it  is  found  in 
extensive  masses  in  most  parts  of  the  world.  It  occurs  in  beds  in  granite, 
gneiss,  &c ,  rarely  in  secondary  rocks,  but  is  found  in  all  the  great  ranges  of 
primitive  rocks  in  Europe.  Its  hard,  compact  texture,  semi-transparenc^  and 
rastre,  when  poUshed,  has  made  it  a  ereat  favourite  in  architecture  and  house 
boflding.  The  finer  kinds,  especially  those  used  by  the  statuary  are  chiefly 
obtained  from  Italy ;  but  there  are  a  great  variety  of  beautiful  marbles  in  Great 
Britain  and  Ireland.  See  Jemeton*»  Mineralogy,  Vol.  II.  For  an  improved 
nediod  of  sawing  marble  and  other  hard  stone,  see  Sawxno.  An  artificial  mar- 
Ue  is  frequently  made  ftt>m  plaster  of  Paris,  quicklime,  salt,  oz-blood,  pieces 
of  glass,  and  stones  of  different  colours.  These  are  beaten  to  an  impalpable 
powder,  and  mixed  up  to  the  consistency  of  paste  with  beer  or  milk.  When 
thoroughly  dried  in  the  form  which  is  intended  to  be  civen  to  it,  it  is  rubbed 
vith  sand  paper  and  polished  with  emery  and  oiL  Mr.  Wilson's  process  for 
Slaking  artifleial  stone  chimney  pieces,  is  described  imder  the  article  Stonk. 
MARBLING  of  books.  See  Bookbimdino. 
MARINE  ACID.  See  Acid  Muriatic 
MARINER'S  COMPASS.    See  Compass. 

MARL.  An  earth,  of  which  there  are  three  principal  kinds,jhe  calcareous, 
^ srgillaceona,  and  the  siliceous;  according  as  the  lime,  the  clay,  and  the 
dex  Mound  in  them.  <* 

MARLINE-SPIKE.  An  iron  tool,  tapering  to  a  point,  used  to  separate  the 
■^'sndiof  a  rope,  in  order  to  introduce  those  of  anoUier,  when  they  are  to  be 
■P^i  or  joined  evenly,  without  knotting. 
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MARQUETRY.  A  kind  of  inlaid  work,  composed  of  a  tasteftil  variety 
of  tine  woods,  of  different  shades  and  colours,  glued  or  fastened  in  thin  slices 
on  a  solid  ground ;  the  work  is  not  unfrequenUy  enriched  wiUi  silver,  bras», 
tortoiseshell,  ivory,  and  other  beautiful  substances  ;  and  the  pieces,  duly 
prepared  beforehand,  are  successively  laid  together  according  to  a  design  or 
drawing. 

MASONRY.  The  art  of  hewing  and  preparing  stones  of  theur  due  mopor- 
tions  and  figure,  and  of  joining  them  together,  in  building  houses,  ana  other 
works. 

MASSICOT.    The  yellow  oxide  of  lead.    See  Lead,  and  Paintiko. 

MAST.  A  long  round  piece  of  timber,  raised  perpendicularly  on  the  keel 
of  a  ship,  upon  which  are  attached  the  yards,  the  sails,  and  the  rieging.  A 
mast,  accoraing  to  its  length,  is  either  formed  of  one  single  piece,  which  b  odled 
a  pole  mast,  or  composed  of  several  pieces  joined  together,  each  of  which  retains 
the  name  of  mast  separately.  A  lower  mast  being  the  lowest,  is  accordingly  so 
called ;  the  foot  of  it  rests  on  a  block  of  timber  called  the  step,  which  is  fixed 
on  the  keelson.  A  top  matt  is  raised  at  the  head  or  top  of  the  lower  mast, 
through  \i  cap,  and  supported  by  trestle  trees,  (See  the  article  Fid.)  The 
top-aaUant  matt,  is  a  smaller  mast  than  the  preceding,  and  is  secured  to 
its  head  in  the  same  manner.  The  top-gallant  royal  matt  is  a  yet  smaller 
mast  sometimes  raised  above  the  last  mentioned  ;  but  in  some  ships  it  denotes 
a  continuation  of  the  top-gallant  mast,  above  the  rigging :  it  is  then  called 
a  pole  top-gallant,  to  distinguish  it  from  a  ttun^  top-ffallant  mast,  which  termi- 
nates just  above  the  rigging.  The  main-matt  is  the  largest  mast  in  a  ship,  and 
stands  nearly  in  the  middle,  between  the  stem  and  the  stern.  The /ore- mosl  is 
that  which  stands  near  the  stem,  and  is  next  in  size  to  the  main-mast  Hie 
mixeTMnatt  is  the  smallest  mast,  and  stands  about  half  way  between  the  main 
mast  and  the  stem.  Made-^ntut  is  a  term  applied  to  a  mast  composed  of  seversl 
pieces  of  timber  in  contradistinction  to  those  made  of  a  single  stick.  Rough- 
matt,  denotes  a  spar  fit  for  making  a  mast  Besides  the  parts  already  men- 
tioned, in  the  construction  of  masts,  with  respect  to  their  length,  the  lower 
masts  of  the  largest  ships  are  always  made  of  several  pieces  of  timber  firmly 
united,  by  stout  uron  hoops.  As  these  are  generally  the  most  substantial  parts 
of  various  tiers,  a  mast  thus  formed  is  esteemed  stronger  than  one  consisting 
of  only  a  single  timber,  the  strength  of  which,  by  internal  defects,  may  be  con- 
siderably impaired.  Attempts  were  made  some  years  ago  to  introduce  hollow 
masts,  the  invention  of  Mr.  George  Smart,  of  Westminster  Bridge ;  and  thc^ 
were,  we  believe,  partially  adopted  for  small  vessels ;  such  masts,  finom  their 
cylindrical  figure,  being  stronger  than  solid  masts,  containing  a  similar  mass  ot 
weight  of  materials.  Sir  Robert  Seppines  has  likewise  distmguished  himself, 
amone^st  his  other  improvements  in  ship  huilding,  in  the  construction  of  masts^ 
for  which  he  took  out  a  patent;  the  specification  of  wnich  informs  us  that,  for 
ships  of  the  line,  frigates,  and  large  merchantmen,  whose  masts  are  more  than 
33  mches  in  diameter,  they  are  to  be  composed  of  twelve  principal  pieces,  in 
the  following  manner.  Four  pieces  of  small  square  balk  timber  are  to  be  united 
diagonally,  so  as  to  form  a  hollow  square  in  the  centre.  Externally  on  each  of 
these  four  pieces  are  to  be  tree-nailed  two  additional  pieces.  The  twelve  pieces 
thus  united,  are  now  to  have  their  angular  edees  cut  away,  and  planed  down, 
so  as  to  bring  the  whole  to  a  circular  figure,  when  an  iron  hoop  is  to  be  placed 
round  tliem,  and  the  angular  spaces  filled  up  with  slips  of  wood.  In  connectiDg 
the  pieces  of  timber  so  as  to  form  the  required  lengtn  of  mast,  bars  of  iron  are 
to  be  inserted  longitudinally  into  mortices  made  in  both  to  receive  them;  and 
the  several  pieces  are  to  cross  each  other  or  "  break-joint"  In  constructing 
the  masts  for  smaller  vessels  than  before  mentioned,  only  eight  or  four  balkc. 
timbers  are  to  be  employed,  (according  to  their  dimensions,)  whi«h  are  to  b^ 
connected  longitudinally  and  transversely  in  a  similar  manner  to  that  desciibeA- 
Hollow  masts  so  formed,  are  not  only  much  stronger  than  when  solid,  but  thc^ 
effect  a  great  economy  in  the  cost,  in  the  facility  of  making,  and  of  transpc^s^c^ 
tation. 

A  patent  for  <*  Improvements  in  Masting  Vessels,"  was  taken  out  in  18^^^ 
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by  Mr.  Thomas  Guppy,  of  Bristol ;  from  the  enrolled  specification  of  which,  we 
collect  the  following  information,  exhibiting  the  principal  features  of  the  inven- 
tion.    Instead  of  a  single  pole  fixed  in  tlie  keel,  in  nearly  a  vertical  position, 
constituting  what  is  called  a  mast,  the  patentee  employs  two  poles  or  spars,  the 
heels  of  which  are  fixed  on  to  the  opposite  extremities  of  the  beam  of  a  vessel, 
and  likewise  to  the  sides ;  the  poles  are  then  so  inclined  to  one  another,  as  to 
be  connected  at  their  upper  ends,  and  thus  form  with  the  line  of  the  deck  an 
isosceles  triangle ;  this  is  the  outline  of  the  construction  as  applied  to  sloops,  or 
ordinary  fore  and  aft  rigged  vessels.     For  square  rigged  or  larger  vessels,  the 
poles  are  not  joined  at  their  upper  extremities,  but  at  several  feet  below  it, 
where  they  cross  one  another,  presenting  the  figure  of  an  open  pair  of  shears. 
In  all  cases,  however,  the  lower  ends  of  the  poles  are  fastened  in  the  situation 
and  in  the  manner  before-mentioned.    Thus  situated,  they  are  invested  with 
tiie  important  property  or  capability  of  being  lowered  forward  or  afl,  as  the 
occasion  may  renaer  desirable,  by  the  employment  of  hinge  joints  at  their 
extremities,  close  to  the  deck.     At  the  junction  of  the  poles  above,  suitable 
arrangements  are  made  for  the  fixing  of  top  masts  therein,  which  are  provided 
with  gear  for  that  purpose,  as  well  as  for  the  masting  of  other  vessels  ;  for  load- 
bg  or  unloading  vessels ;  and  for  those  other  purposes  for  which  sheers  are 
usually  employed  on  board  of  ships.    The  principal  rigging  for  these  "  double 
pole  masts     are  the  fore  and  att  stays,  the  ordinary  side  shrouds  being  compa- 
ratively unimportant,  except  for  the  purpose  of  goine  aloft.      At  Fig,  1   iu 
the  annexed  engraving  a  a  are  the  two  poles,  having  jomts  at  b  6,  from  whence 
proceeds  a  strong  iron  band  which  clasps  the  opposite  ends  of  the  beam  c, 
which  underneath  diverges  into  two  iron  straps,  that  are  bolted  to  the  side  of 
the  vesseL     This  arrangement  is  explained  by  Fig,  4,  which  exhibits  a  perspec- 
tive side  view  of  the  iron  work  which  connects  the  poles  to  the  vessel,  with  a 
portion  of  the  beam,  and  a  pole  c  c  is  the  beam,  with  the  iron  band  bolted  to  it, 
and  showing  the  straps  dd  that  are  secured  to  the  sides  of  the  vessel,  and  are 
turned  up  flatways  towards  them.     The  poles  are  connected  together  at  e  by  a 
itout  iron  band,  by  scarfing  and  crossing  each  other,  as  shown  by  the  separate 
hg,  2  in  perspective ;  /  is  the  top,  where  the  upper  ends  of  the  poles  are 
strongly  secured  to  one  another  by  straps  and  bolts ;  ^  is  the  lower  end  of  tlie 
top-masty  which  passes  through  a  hole  adapted  to  it  in  the  top,  with  its  heel 
resting  upon  an  iron  projection,  which  is  of  one  piece  with  the  band  e.     For 
doops  and  fore  and  aft  rigged  vessels  generally,  the  poles  a  a  terminate  at  their 

Cction,  and  are  united  by  scarfing,  previous  to  putting  on  the  strong  iron 
id.  The  mode  of  scarfing  the  patentee  leaves  to  the  genius  of  the  mast 
maker,  but  at  the  same  time  points  out  one  mode  which  he  most  approves  of, 
md  which,  perhaps,  cannot  be  much  excelled.  This  mode  is  shown  in  the 
perspective  sketch,  Fi%.  3  Connected  to  the  band  which  unites  the  poles 
together,  are  fixed  long  iron  links  1 1,  for  hooking  in,  or  seizing  the  shrouds  to. 

A  few  years  ago  Lieut.  Molvneux  Shuldham,  R.N.  took  out  a  patent  for 

revolving  moi^,  the  enrolled  specification  of  which  exhibits  in  sixty-five  diagrams 

and  designs,  numerous  modifications  and  applications  of  the  principle  to  various 

descriptions  of  inland  as  well  as  sea-going  vessels.  As  our  space  will  only  admit 

of  a  brief  outline  of  the  nature  of  the  invention,  we  must  refer  the  reader  who 

nay  be  solicitous  for  the  details,  to  the  inrolled  document  In  Chancery-lane, 

and  to  some  beautiful  models  illustrative  of  the  inventions  (constructed  by  the 

tslented  inventor's  own  hands),  exhibited  at  the  National  Museum  of  the 

Medianical  Arts,  in  Leicester-square,  London.    The  mast  instead  of  being,  as 

in  ordmary  vessels,  a  fixture,  is  herein  made  to  revolve  upon  its  axis,  or  turn 

homontally  upon  its  heel,  carrying  with  it  the  sails,  yards,  and  other  rigging 

sttached  to  it,  and  thereby  instantly  changes  the  direction  of  the  vessels 

iso^.    The  power  required  to  perform  these  evolutions  may  be  the  wind  or 

manual  labour,  or  both  conjointly.     As  the  action  of  the  wind  will  naturally 

^d  to  produce  the  desired  effect  in  both  cases,  whatever  manual  force  may  be 

^ired  to  assist  the  operation  must  be  very  little  indeed;  that  is  to  say, 

according  to  modem  phraseology,  the  maximum  of  efiect  is  produced  by  a 

vunimum  of  labour.     It  will  be  evident  from  this  arrangement  of  the  macUl- 


'   ncry  of  •  ■l>ii>,  that  fewer  IisikI*  will  he 
rigging  may  be  much  umplified  and  curtailed,  and  the 


required  to  work  i^  that  t)ie  mnning 

ly  be  much  umplitied  and  curtailed,  and  the  wear  and  tear  greativ 

reduced.     Thene  improTrmenti  are  conudered  applicable  to  open  boati,  deck 


boati,  and  email  craft  in  genera] ;  to  venela  employed  in  inland  navigt 
coailEng  veueli,   and   parliculBriy  thoM   nadgaUug   iutricate   cbanueb 


it  coniiUer  them  applicable  to  vcMcla  of 

.._._^ tt  carry  lumber  in  their  deck*,  owing  to 

n  required  for  the  icvoKing  Ihucji  of  the  muta.  Tbe  miuU  are  varioudv 
eupportcd,  according  Id  ibc  tonnage  of  the  vcaaeU ;  in  decked  boaW  oud  mall 
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roseb,  an  iron  or  wooden  pivot  is  sufficient ;  in  larger  vessels  anti-friction 
rollers  are  fixed  to  the  revolving  base,  which  work  between  two  annular  plates, 
secured  to  the  gunwhales  and  deck. 

MASTIC.  A  resinous  substance  in  the  form  of  tears,  of  a  pale  yellow 
colour,  and  farinaceous  appearance ;  having  little  smell  and  a  bitter  taste.  It 
flows  naturally  from  the  tree ;  but  this  process  is  accelerated  by  making  inci- 
sions in  the  bark.  It  is  extensively  used  in  the  composition  of  varnishes. 
Pure  alcohol  and  oil  of  turpentine  dissolve  it  chiefly,  the  residue  partaking  of 
the  nature  of  caoutchouc.  An  agreeable  odour  is  given  out  by  mastic  when 
heated ;  it  is,  in  consequence,  much  used  in  fumigations,  and  in  the  fabrication 
of  pastilea. 

MATT£R  is  generally  understood  to  mean  that  solid,  inert,  divisible  sub- 
stance, accessible  to  the  senses,  of  which  all  bodies  in  the  universe  are  formed. 
Dr.  Woodward  was  of  opinion  that  matter  is  originally,  and  is  really,  various ; 
Sir  Isaac  Newton,  however,  considered  matter  as  homogenous  in  all  bodies,  and 
the  difference  of  form  to  be  owing  to  a  varied  arrangement  of  the  corpuscles  of 
one  homogenous  substance.  That  matter  is  one  and  the  same  thmg  in  all 
bodies,  and  that  aU  the  varieties  we  observe  arises  from  the  various  shapes  it 
pots  oo,  aeems  very  probable,  from  a  general  observation  of  nature  in  the  gene- 
rauoo  and  destruction  of  bodies.  Thus  water  rarefied  by  heat  becomes  vapour, 
a  |reat  collection  of  which  forms  clouds ;  these  condensed,  descend  in  hail  or 
rsm  ;  part  of  this  collected  on  the  earth  constitutes  rivers ;  another  part  com- 
bmes  with  earths  or  metallic  matter,  forming  minerals  and  crystallized  salts ; 
another  enters  the  roots  of  plants,  and  expands  itself  into  all  the  wonderfiil 
variety  and  magnificence  of  the  vegetable  creation.  From  the  vec^etable  matter 
inimals  derive  their  support  and  means  of  reproduction ;  and  however  these 
mineral,  vegetable,  and  animal  productions  may  change,  the  same  individual 
matter  is  never  destroyed,  but  reappears  under  other  combinations. 

MATRIX.  The  stone  in  which  metallic  ores  are  found  enveloped ;  the  same 
term  is  applied  by  type-founders  to  the  metallic  mould  in  which  the  letters  are 
csst 

MEAD.  A  wine  prepared  from  honey ;  a  quantity  of  eood  honey,  with 
tather  more  than  its  weight  of  water  is  to  oe  boiled,  scummed,  and  evaporated 
until  it  is  of  a  consistence  that  will  float  an  egg;  the  liquor  is  then  to  be  strained 
utd  poured  into  a  barrel ;  this  barrel,  which  ought  to  be  nearly  full,  must  be 
aposed  to  a  heat  as  equable  as  possible,  from  75®  to  90^  Fahr.,  keeping  the 
bimg-hole  slightly  covered  but  not  closed.  The  spirituous  fermentation  will 
take,  and  continue  during  two  or  three  months,  according  to  the  heat  During 
this  fermentation,  the  barrel  is  to  be  occasionally  filled  up,  with  more  of  the 
liquor  of  honey  (previously  saved  for  that  purpose)  to  replace  that  which  flows 
oat  in  froth.  When  the  fermentation  ceases  and  the  liouor  has  become  vinous, 
tlie  barrel  should  then  be  closed  and  stored  in  a  cool  cellar.  In  twelve  months 
it  is  fit  for  bottling. 

MEALb  The  floor  and  bran  of  com  in  the  mixed  state ;  they  proceed  from 
the  mill  before  they  are  separated  by  a  bolter  or  dressing  machine. 

MEASURE.    A  quantity  assumed  at  pleasure,  and  considered  as  unity,  or 
one,  to  which  the  ratio  of  other  quantities  being  determined,  their  relative  niag- 
nitode,  both  to  the  assumed  unit,  and  to  each  other,  will  be  known.  The  quan- 
tity assumed  as  unity,  is  called  the  measuring  unit    Thus,  to  measure  any 
proposed  line,  we  assume  a  line  of  an  inch,  a  foot,  a  yard,  &c.,  as  the  measuring 
unit;  suppose  this  to  be  an  inch;  then  as  many  times  as  it  is  contained  in  the 
proposed  une,  so  many  inches  will  that  line  be  in  length.     If  the  proposed  line 
beW  dian  the  measuring  unit,  whatever  part  that  line  is  of  the  measuring 
ttiit,  the  same  part  of  an  inch  will  the  measure  of  that  line  be,  and  the  like  of 
feet,  yards,  &c    To  measure  a  superfices,  a  square  whose  sides  are  an  inch,  a 
^oot,  a  yard,  kc  is  the  measuring  unit ;  and  as  many  times  as  this  is  contained 
iSf  or  contains  the  fiven  superfices,  such  will  be  the  measure  of  that  superfices, 
fi  vas  shown  in  the  line.    To  measure  a  solid,  a  cube  whose  lineal  side  is  an 
ioek,  a  foot,  a  yard,  &c.,  is  assumed  as  the  measuring  unit ;  and  as  many  times 
tt  thii  unit  is  contained  in,  or  contains  the  given  solid,  so  many  cubic  inches^ 
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feet,  yard,  &c.,  or  parts  of  one  of  them,  will  the  proposed  solid  be.  The 
measure  for  lines  or  length  is  termed  lineal  or  long  measure ;  that  for  surfaces 
iuperficial  measure ;  and  that  for  solids  or  capacities,  cubic  or  solid  measure. 

In  1825  a  Bill  was  passed  through  Parliament  for  altering  weights  and  mea- 
sures previously  in  use,  the  preamble  of  which  states,  "  whereas  it  is  necessary 
for  the  security  of  commerce,  and  for  the  good  of  the  community,  that  weights 
and  measures  should  be  iust  and  uniform  :  and  whereas  notwitnstanding  it  is 
provided  by  the  Great  Cnarter,  that  there  shall  be  but  one  measure  and  one 
weight  throughout  the  realm,  and  by  the  treaty  of  union  between  England  and 
Scotland,  that  the  same  weights  and  measures  should  be  used  throughout  Great 
Britain,  as  were  then  established  in  England ;  yet  different  weights  and  measures, 
some  larger,  and  some  less,  are  still  in  use  in  various  places  throughout  the  United 
Kingdom  of  Great  Britain  and  Ireland,  and  the  true  measure  of  the  present  Mtandard 
is  not  verily  knoum,  which  is  the  cause  of  great  confusion  and  of  manifest  frauds ; 
for  the  remedy  and  prevention  of  those  evils  for  the  future,  and  to  the  end  that 
certain  standards  of  weights  and  measures  should  be  established  throughout  the 
United  Kingdom  of  Great  Britain  and  Ireland,  the  new  standards  are  denomi- 
nated imperial^  and  the  rationale  of  the  system  by  which  they  have  been  deter- 
mined is  thus  explained.  Take  a  pendulum  which  will  vibrate  seconds  in 
London,  on  a  level  of  the  sea,  in  a.  vacuum :  divide  all  that  part  thereof  which 
lies  between  the  axis  of  suspension  and  the  centre  of  oscillation  into  39*1393 
eoual  parts;  then  will  ten  tnousand  of  those  parts  be  an  imperiiJ  inch;M2 
wnereof  make  a  foot,  and  36  whereof  make  a  yard. 

The  standard  yard  is  determined  to  be,  '^  that  distance  between  the  centres  of 
the  two  points  in  the  gold  studs  in  the  straight  brass  rod,  now  in  the  custody  of 
the  clerk  of  the  House  of  Commons,  wherein  the  words  and  figures  '  Standard 
Yard,  1760,'  are  engraved,  which  is  declared  to  be  the  genuine  standard  of  the 
measure  of  len^h  called  a  yard ;"  and  as  the  expansibility  of  the  metal  woold 
cause  some  variation  in  the  length  of  the  rod  in  different  degrees  of  tempera- 
ture, the  act  determines  that  the  brass  rod  in  question  shall  be  of  the  tempera- 
ture of  62^  Fahr.  The  measure  is  to  be  denominated  the  "  Imperial  Standard 
Yard,"  and  to  be  the  only  standard  whereby  aU  other  measures  of  tinea!  extension 
shall  he  computed.  Tims  the  foot,  the  inch,  the  pole,  the  furlong,  and  the  mile, 
shall  bear  the  same  proportion  to  the  imperial  standard  yard  as  they  have 
hitherto  borne  to  the  yard  measure  in  general  use.  And  should  it  happen  that 
the  aforesaid  brass  rod  of  1760  be  lost,  defaced,  or  destroyed,  a  reference  to  the 
invariable  natural  standard  afforded  by  the  pendulum  oefore  mentioned,  wHl 
enable  it  to  be  restored  with  the  utmost  exactness. 

27ie  standard  gallon  is  determined  by  the  act  to  be  such  measure  as  shall 
contain  10  lbs.  avoirdupois  weight,  of  distilled  water,  weighed  in  air,  at  the 
temperature  of  62**.  of  Fahr.,  the  barometer  beine^  at  30  inches,  to  be  used  as 
well  for  wine,  beer,  ale,  spirits,  and  all  sorts  of  liquids,  as  for  dry  goods,  not 
measured  by  heaped  measure ;  and  that  all  other  measures  shall  be  taken  in 
parts  or  multiples  of  the  said  imperial  standard  gallon,  the  quart  being  the 
fourth  part  of  such  gallon,  and  the  pint  one-eighth  part ;  two  such  galloas 
making  a  neck,  eight  such  gallons  a  bushel,  and  eight  such  bushels  a  quarter  of 
corn,  or  otner  dry  goods  not  measured  by  heaped  measure." 

Heaved  measure, — "  That  the  standard  measure  of  capacity  for  coals,  lime, 
culm,  nsh,  potatoes,  or  fruit,  and  all  other  goods,  and  things  commonly  sold  by 
heaped  measure,  shall  be  the  aforesaid  bushel,  containing  80  lbs.  avoirdupois 
of  water,  as  aforesaid,  the  same  being  made  round  with  a  plane  and  even 
bottom,  and  being  19|  inches  from  outside  to  outside  of  such  standard  measure 
as  aforesaid : "  and  goods  thus  sold  by  heaped  measure  shall  be  heaped  "  in  the 
form  of  a  cone,  such  cone  to  be  of  the  height  of  at  least  six  inches,  the  outside 
of  the  bushel  to  be  the  extremity  of  the  base  of  such  cone ;"  three  such  bushels 
shall  be  a  sack,  and  twelve  such  sacks  shall  be  a  chaldron. 

Stricken  measure. — ^The  last-mentioned  goods  may  be  sold  either  by  the  heaped 
measure  or  by  the  standard  weight  (see  the  article  Weight)  ;  but  for  all  otnei 
kind  of  goods  not  usually  sold  by  neaped  measure,  which  may  be  sold  or  agreed  foi 
by  measure,  the  same  standard  measure  shall  be  used,  but  it  shall  not  be  heaped, 
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but  ftricken  widi  a  round  stick  or  roller,  ttraigbt,  and  of  the  lame  diameter  from 
end  to  end. 

llic  following  tablee,  which  aro  in  accordance  with  the  new  standard,  it  will 
be  proper  to  insert  in  this  place: — 

Meaturet  of  Lengths 
12   inches  are  equal  to  1  foot 


8    feet 

5|  yards  =s 

40    poles  s 

8    furlongs  = 

69^  miles  => 


1  yard. 
1  rod  or  pole. 
1  furlong. 
1  mile. 

1  degree  of  a  great  circle  of  the 
earth. 


An  inch  is  the  smallest  lineal  measure  to  which  a  name  is  given,  but  mechanics 
sabdivide  it  generally  into  eighths  and  sixteenths ;  measures  or  "  rules  "  are 
howeTer  constructed  by  the  rule-makers  with  every  possible  variety  of  subdi- 
visions or  scales  of  the  parts  of  an  inch  that  can  be  required  by  artificers,  engi- 
neers, and  scientific  persons. 
The  following  parocular  measures  of  length  are  in  general  use : — 


1  nail 
1  quarter 
1  jrard 
Idl 
1  hand 
1  fiUhom 

llink 

1  chain 


2i  inches   ^ 

4  quarters   >  «»««l  ^^^f  »«"«""«:  cloth. 

6  quarters  J 

4  inches . . .  used  for  measuring  the  height  of  horses. 

6  fiset  ....  used  in  measuring  depths. 


^m, .  ^  fvued  in  measuring  land,  to  facilitate 
=  '100  Mcnes  i  computation  of  the  contents,  10  square 
s     100  links     V     chains  being  equal  to  an  acre. 

MeatweM  cf  Surface. 
144  squaro  inches  are  equal  to  1  square  foot 


9  square  feet 
30^  square  yards  e= 

40  perohes  = 

4  roodsor  160  perohes = 
640  acres  = 


1  squaro  yard. 

1  peroh  or  rod. 

1  rood. 

1  aero. 

1  square  mile. 


Meaner  et  ofSoUdUy, 

1728  cubic  inches  =  1  cubic  foot 

27  cubic  feet  »  1  cubic  yard. 


Imperial  Meaauree  of  Capacity, 


4gflls 
2  pints 

4  quarts 
2  gallons 
8  gallons 
8  bushels 

5  quarters 


1  pint 
1  quart 
1  gallon 
1  peck 
1  imshel 
1  quarter 
lload 


341  cubic  inches  nearly. 

69i 

277i 

554^ 

221 8^ 

\0i  cubic  feet  nearly. 

5U 


it 
II 
If 
II 


it 


oihn,  Umsi 
netsure 


measures  aro  used  for  all,  liquids,  and  for  all  dry  goods,  except 
potatoes,  fruit,  and  other  goods  commonly  sold  by  heaped 

2  gallons   =  1  peck       ss  704  cubic  inches  nearly* 
8  gallons   z=  1  bushel    ^  2815^  „ 

3  bushels  ^  1  sack       =»  4^  cubic  feet  nearly. 
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MECHANIC  POWERS. 


A  knowledge  of  the  comparative  value  of  l^glish  and  French  meaturet 
heing  indispensable  to  every  scientific  reader,  we  add  the  following  calculation 
of  them  by  Dr.  Duncan,  jun. : — 

1.  French  Measures  of  Length,  the  metre  heing  at  32o,  and  the  foot  at  62^ 


Millimetre 

Centimetre 

Decimetre 

Metre 

Decametre 

Hecatometre 

Kilometre 

Myriometre 


.03937  English  inches 
'  .39371 


3.93710 

39.37100 

393.71000 

3937.10000 

39371.00000 

393710.00000 


>» 
I) 
If 
ti 
tt 
ft 
>f 


2.  French  Measures  of  Capacity. 


MilliUtre 

Centilitre 

Decilitre 

Litre 

Decalitre 

Hecatolitre 

Kilolitre 

Myriolitre 


=  .06103  English  cubic  inches. 

=  .61028 

=  -      6.10280 

=  61.02800 

=  610.28000 

=  6102.80000 

=  61028.00000 

=  610280.00000 


t» 
tt 
tt 
tt 
tt 


tt 


For  the  comparative  value  of  English  and  French  measures  of  weight,  see 
Weight. 

MECHANICS  is  a  science  which  treats  generally  of  the  action  of  forces 
on  solid  bodies,  and  the  construction  and  use  of  machinery.  When  forces 
acting  upon  a  body  in  different  directions  produce  equilibrium,  it  is  investigated 
under  the  head  of  Statics  ;  but  when  the  acting  forces  are  so  applied  as  to 
produce  motion,  it  constitutes  a  case  in  Dynamics,  which  see. 

MECHANIC  POWERS  are  those  simple  machines  or  elements  that  enter 
into  the  construction  of  the  various  parts  of  machinery :  they  are  usually  con- 
sidered to  be  six  in  number ;  viz.  the  lever,  the  wheel  and  axle,  the  pulley,  the 
inclined  plane,  the  wedge,  and  the  screw.  It  may  be  easily  shewn,  however, 
that  these  are  capable  of  being  reduced  to  mater  simplicity.  Thus  the  wheel 
and  axle  is  only  a  succession  of  levers,  and  the  wedge  and  screw  are  merely 
modifications  of  the  inclined  plane ;  hence  all  the  varieties  of  machinery  are 
reduced  to  these  three  simple  elements : 

1.  The  lever. 

2.  The  pulley. 

3.  The  inclined  plane. 

In  treating  of  the  use  of  simple  machines,  it  is 
usual  to  consider  all  bars  as  perfectly  inflexible, 
cords  as  perfectly  flexible,  and  surfaces  to  move  on 
each  other  without  friction,  and  afterwards  to  make 
allowances  for  these  disturbing  forces  to  the  weight 
raised,  as  1  to  2.  In  the  diagram,  a  e  b  ib  the 
movable  pulley  supporting  tne  weight  at  e; 
e  a  eh  p  is  a  cord  passing  under  the  movable 
pulley,  and  over  the  fixed  pulley  at  d.  Now,  as 
the  whole  weight  is  supported  by  the  two  portions 
of  the  cord  e  a  and  d  h,  each  of  them  sustains  one 
half,  and  as  the  passage  of  the  cord  over  the  fixed 
pulley  makes  no  difierence  in  the  proportion,  it  is 
clear  that  the  power  p  is  equal  to  half  the 
weight 
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When  the  coidt  ait  not  pu-BlIcl,  tu  in  tlia  annexed 
£igt«in,  the  *ngit  made  b;  the  cordi  with  the  per- 
pendiculu  muit  be  noticed.  Thus  the  force  acting 
in  the  direction  /c  muit  be  reaolved  into  two  othera, 
one  pallini;  in  the  direction  e  c,  and  the  other  in  /  «. 
Nov  the  force  in  e  c  does  not  all  act  in  lupporling 
the  weight,  which  ii  wholly  nutained  by  that  in  ft: 
hence  tbe  power  i>  to  the  weight  bi  c/  i>  to  twice 
ef;  and  as  cf  a  greater  than  ef,  the  power  muit 
be  greater   than  one-half  the  weight,  and,   conie- 

Juently,  there  is  a  lou  of  power  fay  the  obliquity  uf 
le  cord*.  Sometimei  the  lower  or  movebte  pulley 
ciHiiiits  of  a  block  containing  several  imall  wheels  or  ■he**et,  in  which  cue, 
the  apparatus  is  termed  a  bloclc  and  fall.  The  power  with  sucb  ft  pulley  it 
eanly  calculated,  by  observbg  the  number  of  cordi  by  whidi  ^e  lower  block 
or  fall  is  supported.  If  the  fall  be  suspended  by  six  ropea,  of  course  each  will 
■Qstaln  one-uxlh  of  the  weight,  and  the  power  will  be  to  the  weight  as  1  to  6. 
In  every  combination  of  Uiis  kind,  therefore,  the  power  is  to  the  weight 
«*  1  to  the  number  of  cords  supportidg  the  lower  block,  or  as  1  to  twice  ^e 
tnunber  of  sheaves  in  the  fall. 

A  modification  of  this  arrangement  is  seen  in  the  following  diagram  (I'ig.  1), 
of  White's  pulley  :  it  coniiste  of  a  number  of  concentric  grooves,  formed  in  a 
solid  mass  of  bran,  &&,  tbe  diameters  of  tbe  grooves  being  regulated  by  the 
quantity  of  cord  that  has  to  pass  over  each.  As  these  all  move  on  a  single 
uii,  considerable  reduction  of  (iiction  is  obtained ;   but  the  great  difficulties 


''nding  tbe  construction  of  (his  apparatus  seem  insuperable  obslaclBs  to  its 
ttcniiTc  employnieiit  The  power  is  calculated  w  in  the  last  example.  In 
"■  different  arrangements  hitherto  mentioned,  a  single  cord  is  employed 
pilling  round  all  the  pulleys ;  and  if  attention  he  given  to  tbe  spaces  passed 
<*"  )ij  the  part  attached  to  lh«  power  and  that  affixed  to  the  weight,  it  will  be 
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seen  that  the  same  law  ohtains  as  in  the  other  mechanic  powers, — the  space 
passed  over  by  the  power  exceeding  that  passed  over  by  the  weight,  aa  much 
as  the  weight  exceeds  the  power. 

In  this  arrangement  different  cords  are  employed  (as  in  Rg,  2  in  the  preceding 
page),  one  to  each  pulley;  there  being  three  movable  pullejrs,  the  power  is  to 
the  weight  as  1  to  8  :  thus  suppose  the  power  to  be  1  lb.,  the  cords  a  h  and  e  I 
will  each  support  1  lb.;  hence  the  cords  supporting  the  pulley  ef  will  each 
sustain  2  lbs.,  and  the  cords  supporting  h  i  will  each  bear  4  lbs.  Or,  suppose 
the  weight  to  be  sustained  by  tne  cord  kih,  each  will  support  one-half;  the 
cord  gfe  will  support  one-fourth,  and  clb  will  sustam  one-eighth.  la 
movable  pulleys,  then,  with  separate  cords  to  each  pulley,  the  power  is  to  the 
weight  as  the  number  2  raised  to  a  power  equivalent  to  the  number  of  pulleys 
employed.  If  the  number  of  pulleys  had  been  four,  the  power  gainedf  would 
have  been  2X2x2X2=16. 

Another  combination,  somewhat  similar,  is  seen  in  the  next  figure  (/%^.  IX 
in  which  the  several  cords  are  attached  to  the  weight;  this  makes  a  little  mffer- 
ence  in  the  amount  of  power  gained.  A  power  p  o(l  lb.  will  sustain  a  part  of 
the  weight  equal  to  1  lb.  This  power  of  2  lbs.  acting  at  d,  will  support  an  equal 
portion  of  the  weight,  which,  again  acting  with  double  force  at  y,  will  sustaia 
4  lbs. ;  hence  the  quantity  supported  i8l-{-24'4s=7  times  the  power. 


Fig.  I. 


Fig.  2. 


Another  somewhat  different  arrangement  is  shown  in  Fig.  2,  in  which  the 
one  cord  passes  over  a  fixed,  and  the  other,  over  one  of  the  movable  pulleys. 
A  power  of  1  lb.  at  p  would  support  a  weight  of  2  lbs.  at  w,  and  an  equal 
advantage  is  gained  by  the  attachment  of  the  cord  passing  over  the  fixed 
pulley  a  ;  the  power  is  therefore  one-fourth  of  the  weight.  Otner  combinations 
sometimes  occur,  the  nature  of  which  will,  it  is  presumed,  be  understood  by 
reference  to  those  above  explained. 

MEPHIT[C  is  a  term  often  applied  to  carbonic  acid. 

MERCURY  is  a  metal  distinguished  from  all  others  by  its  extreme  fusibility^ 
which  is  such  that  it  does  not  take  the  solid  state  until  it  is  cooled  to  the 
below  0  in  Fahrenheit's  thermometer,  and  is  therefore  always  fluid  in  the 
perate  climates  of  the  earth.     From  this  circumstance,  and  its  resemblance 
silver  in  colour  and  metallic  splendour,  it  has  been  usually  denominated  gm 
silver.    The  term  mercury^  although  almost  universally  employed  by  chemi 
authors,  is  strongly  objected  to  by  Mr.  Gray,  the  author  of  The 
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Ckiwttiif  who  compliiDB  that  *'  medical  authors  and  chemiits  of  the  medical 
profetnoosy  adU  continue  to  call  thia  metal  (which  he  denominatea  qykk)  mer^ 
nary,  that  name  having  heen  formerly  used  by  the  priest-physicians  and  priest- 
cbemists,  to  mystify  and  hoax  their  patients  and  the  public.    It  were  to  be 
wished  that  now  chemistry  and  medicine  are  almost  exclusiyely  in  the  hands  of 
the  laity,  they  would  abstain  from  this  ridiculous  mummery."  The  same  author 
also  informs  us  that  there  are  two  kinds  of  quicksilver  in  the  market, — Spanish 
and  Auatnan,  both  of  which  are  very  pure ;  and  that  "  the  source  of  the  impure 
quicksilver  la  the  apothecaries'  shops,  is  the  purchase  of  the  quick  from  the  sil- 
vering tables  of  bankrupt  or  deceased  looking-glass  makers,  which  is  of  course 
impregnmted  with  tin,  and  sometimes  lead  and  bismuth;  this  quicksilver  is 
cheaper  than  the  pure,  and  is  thought  by  them  good  enough  for  mdcing  blue 
pill  and  blue  ointment"    Mr.  Gray  does  not,  however,  censure  this  pernicious 
practice  of  the  laity,  notwithstandmg  he  is  so  indignant  at  the  presumed  alter- 
ation of  a  mere  term  of  doubtful  propriety  by  our  learned  forefathers.    The 
specific  gravitjr  of  mercury  is  at  212*  ^ahr.  13.375  ;  at  160°,  13.580,  and  at  40* 
below  aero  it  mcreases  to  15  632,  when  it  is  a  malleable  solid  body.    It  is  vola* 
tile,  and  rises  in  small  portions  at  the  common  temperatures  of  the  atmosphere^ 
as  is  evinced  by  several  experiments,  more  especially  in  a  vacuum,  such  as 
obtains  in  the  um>er  part  of  a  barometer  tube.     At  the  temperature  of  650<'  it 
boils  rapidly,  and  rises  copiously  in  fumes :  it  has  been  attempted  to  employ  the 
mechanical  force  which  it  then  exerts  as  a  motive  power  similar  to  that  of  the 
steam  engine ;  but  the  loss  of  the  metal,  by  the  extreme  subtlety  of  the  vapour 
passing  apparently  impervious  joints,  occasioned,  we  are  informed,  its  abandon- 
ment    Mercury  is  sometimes  found  native,  but  generally  combined  with  sul- 
phur, when  it  is  denominated  cinnabar ;  it  is  separated  from  the  sulphur  by 
distillation  with  ouicklime  or  iron  filings.     Owing  to  the  property  which  mer- 
cury possesses  of  dissolving  completely  some  of  the  baser  metals,  it  is  extremely 
liable  to  adulteration ;  and  the  union  of  the  metals  is  so  strong,  that  they  even 
riie  with  the  quicksilver  when  distilled.     The  impurity  of  mercury  is  generally 
iodicated  by  its  dull  aspect ;  by  its  tarnishing  and  becoming  covered  with  a  coat 
of  oxide  on  long  exposure  to  the  air ;  by  its  adhesion  to  uie  surface  of  glass ; 
and  when  shaken  with  water  in  a  bottle,  by  the  speedy  formation  of  a  hlack 
powder.     Lead  and  tin  are  frequent  impurities,  and  the  mercury  becomes 
csDable  of  taking  up  more  of  these  if  zinc  or  bismuth  be  previously  added.  In 
oraer  to  discover  lead,  the  mercury  may  be  agitated  with  a  little  water,  in  order 
to  oxidize  that  metal ;  pour  off  the  water  and  digest  the  mercury  with  a  little 
acetic  acid :  this  will  dissolve  the  oxide  of  lead,  which  will  be  indicated  by  a 
blackbh  precipitate  with  sulphuretted  water ;  or  to  this  acetic  solution,  add  a 
little  sulphate  of  soda,  which  will  precipitate  a  sulphate  of  lead,  containing, 
when  dry,  72  per  cent  of  metaL     If  only  a  very  mmute  quantity  of  lead  be 
present  in  a  large  quantity  of  mercury,  it  may  be  detected  by  solution  in  nitric 
acid,  and  the  i^didon  of  sulphuretted  water.    A  dark  brown  precipitate  will 
ensue,  and  will  subside,  if  allowed  to  stand  a  few  days ;  one  part  of  lead  may 
thus  be  separated  from  15,263  parts  of  mercuiy.     Bismuth  is  detected  by 
pouring  a  nitric  solution,  prepared  without  heat,  into  distilled  water ;  a  white 
precipitate  will  appear  if  this  metal  be  present    Tin  is  manifested  in  like 
manner  by  a  weak  solution  of  nitro*  muriate  of  gold,  which  throws  down  a 
puipb  sediment ;  and  zinc,  by  exposing  the  metal  to  heat.    When  the  metallic 
mixtures  contain  a  sufficient  quantity  of  mercury  to  render  them  soft  at  a  mean 
temperature,  they  are  called  amalgams.  Although  it  is  obvious,  from  the  known 
inferior  specific  gravity  of  iron,  lead,  and  silver,  that  pieces  of  these  metals  will 
float  in  mercury,  like  wood  in  water,  it  nevertheless  forms  a  very  interesting 
phenomenon.  Mercury  is  readily  soluble  in  acids,  as  may  easily  be  ascertained ; 
*nd  from  its  very  extensive  use  in  medicine,  there  are  very  numerous  prepara- 
^  of  it,  by  which  it  may  be  exhibited  in  powders,  pills,  or  drops.    The  most 
ttoal  is  oalomel,  which  is  a  preparation  of  mercury  and  muriatic  acid,  or 
ci^^orine,  and  is  hence  called,  according  to  the  modem  nomenclature,  proto- 
<^Uoride  of  mercury.    The  deuto-cfaloride,  or  corrosive  sublimate,  is  another 
6<MDbiniition  of  mercury  and  chlorine,  and  forms  one  of  the  most  powerful  and 
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useful,  but  dangerous  medicines,  man  has  ever  diBCOvered.  Mercury  will  readfljr 
unite  with  sulphur.  Melt  some  sulphur  in  a  crucible  on  the  fire,  then  add  a 
little  mercury,  and  stir  the  whole  well  together,  and  a  sulphuret  of  mercury,  or 
cinnabar,  will  be  formed.  That  beautiful  scarlet  pigment  called  vermiUon  (see 
the  separate  article)  is  also  prepared  from  mercury  and  sulphur,  and  is  called 
by  chemists  the  red  sulphuretted  oxide  of  mercury.  The  pn^rty  of  mercury 
dissolving  a  certain  portion  of  gold  and  silver,  enabled  alchymisti  to  impose 
•upon  mankind,  and  make  it  appear  as  if  they  had  succeeded,  in  a  small  d^ree, 
in  discovering  the  secret  of  turning  metab  into  gold  and  silver.  In  their  opera- 
tions they  employed  mercury  in  which  small  portions  of  these  metals  had  been 
dissolved ;  and  as  die  merctuy  was  evaporated  by  great  heat,  and  left  the  gold 
and  silver  behind,  the  bye-standers  were  made  to  believe  that  these  metals  bad 
actually  been  produced  in  operation  by  the  skill  of  the  experimentalist  Looking- 
glasses  and  muTors  are  covered  on  the  back  with  an  amalram  of  tin,  and  the 
glasses  are  afterwards  loaded  with  weights,  to  press  out  gradually  the  superfluous 
mercury,  which  thus  exudes  from  the  amalgam*  Amongst  the  numerous  uses 
of  this  valuable  metal,  the  application  of  it  in  the  construction  of  barometers 
and  thermometers  is  not  the  least  important     See  those  inventions. 

METALLURGY,  in  a  general  sense,  comprehends  the  art  of  working 
metals  from  the  state  of  ore  to  the  utensil ;  and  in  this  sense,  assaying,  emelt- 
ing,  refining,  smithery,  &c.,  are  branches  of  metallurgy.  In  a  more  limited 
sense,  however,  it  includes  only  the  separation  of  metals  from  their  ores,  or 
other  combinations.  Few  metals  are  found  in  a  pure  state ;  gold,  silver,  and 
copper  are  sometimes  exceptions ;  the  other  metals  are  generally  found  in  the 
state  of  ores,  in  which  they  are  mixed  and  blended  with  other  suostances,  so  as 
not  to  have  the  ductility,  lustre,  or  other  qualities  of  metals.  Sometimes  the 
ore  is  only  a  pure  oxide,  and  requires  but  the  abstraction  of  the  oxygen,  bj 
fusion  with  inflammable  substances.  The  ores  of  metals  are  always  separated 
from  the  rocks  on  each  side  by  a  quantity  of  spar,  quartz,  or  sometimes  softer 
clay  or  earth,  called  the  matrix  or  rider.  The  first  operation  in  metallurgy  is 
to  separate  the  ore  from  the  matrix ;  but  when  the  ore  is  found  in  lar|^  masses, 
most  of  it  can  be  obtained  by  the  miner's  implements  free  from  the  matrices, 
and  those  portions  that  adhere  are  knocked  off  by  hammers.  In  other  cases^ 
when  the  ore  is  intimately  mixed  with  the  matrix,  it  becomes  necessary  to  resort 
to  different  processes,  such  as  roasting,  pounding,  and  washing;  the  latter 
operation  effecting  the  separation  by  the  difference  of  specific  gravity  of  tbe 
mixed  matters ;  the  earthy  parts  being  floated  away,  leaving  the  metallic  portion 
behind.     See  the  following  article. 

METALS.  A  numerous  class  of  undecompounded  bodies,  which  are  distinguish- 
able by  their  lustre,  ductility,  malleability,  tenacity,  opacity,  &c  They  are  fusible 
by  heat,  and  in  fusion  retain  their  lustre  and  opacity ;  and  they  are  all,  except  sele- 
nium, excellent  conductors,  both  of  electricity  and  caloric.  When  they  are  exposed 
to  the  action  of  oxygen,  chlorine,  or  iodine,  at  an  elevated  temperature,  they 
generally  take  fire,  and  combining  with  one  or  other  of  these  three  elementary 
dissolvents,  in  definite  proportions,  are  converted  into  earthy  or  saline-looking 
bodies,  devoid  of  metallic  lustre  and  ductility,  called  oxides,  chlorides,  or  iodides. 
They  are  capable  of  combining  in  their  melted  state  with  each  other,  in  almost 
€very  proportion,  constituting  the  important  order  of  metallic  alloys.   From  their 
brilhancy  and  opacity  coniointly,  they  reflect  the  greater  part  of  the  light  which 
falls  on  their  surface,  and  hence  form  excellent  mirrors.     **  The  r^ations  of 
the  metals  to  the  various  objects  of  chemistry,"  Dr.  Ure  observes,  **  are  so 
complex  and  diversified  as  to  render  their  classification  a  task  of  peculiar  diffi- 
culty.    I  have  not  seen  any  arrangement  to  which  important  objections  may 
not  be  offered ;  nor  do  I  hope  to  present  one  which  shall  be  exempt  from  criti- 
cisra.    The  main  purposes  of  a  methodical  distribution  are  to  facilitate  the 
acquirement,  retention,  and  application  of  knowledge.     With  regard  to  metals 
in  general,  I  conceive  these  purposes  may  be  to  a  considerable  extent  attained, 
by  beginning  with  those  which  are  most  eminently  endowed  with  the  charao- 
ters  of  the  p;enus,  which  most  distinctly  possess  the  properties  that  constitute 
their  value  m  common  life,  and  which  caused  the  early  inhabitants  of  the  eartk 
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to  give  to  the  first  metallurdsts  a  place  in  mythology.  Happy  had  their  idolatry 
been  always  confined  to  such  real  benefactors !  By  arranging  metals  according  to 
the  degree  in  which  they  possess  the  obvious  qualities  of  unalterability,  by  common 
agents,  tenacity,  and  lustre,  we  also  conciliate  their  most  important  chemical 
relations,  namely,  those  to  oxyeeu,  chlorine,  and  iodine ;  since  their  metaUic 
pre-eminence  is,  popularly  speaKing,  inversely  as  their  affinities  for  these  dis- 
solvents. In  a  strictly  scientific  view,  their  habitudes  with  oxygen  should 
perhaps  be  less  regarded  in  their  classification  than  with  chlorine,  for  this 
element  has  the  most  energetic  attraction  for  the  metals.  But,  on  the  other 
hand,  oxygen,  which  forms  one-fiflh  of  the  atmospheric  volume,  and  eight- 
ninths  of  the  aqueous  mass,  operates  to  a  much  greater  extent  among  metallic 
bodies,  and  incessantly  modifies  their  form,  both  in  nature  and  art.  Now  the 
order  we  propose  to  follow  will  indicate  very  nearly  their  relations  to  oxygen. 
As  we  progressively  descend,  the  influence  of  that  beautiful  element  progres- 
sively increases.  Among  the  bodies  near  the  head,  its  powers  are  sub^u^ted 
bv  the  metallic  constitution ;  but  among  those  near  the  bottom,  it  exercises  an 
almost  despotic  sway,  which  Volta's  magical  pile,  directed  by  the  genius  of 
Davy,  can  only  suspend  for  a  season.  The  emancipated  metal  soon  relapses 
under  the  dominion  of  oxygen."    This  table  is  given  at  page  143. 

The  first  12  metals  are  malleable,  and  so  are  the  30th,  31st,  and  32d,  in  their 
congealed  state.  The  first  16  yield  oxides,  which  are  neutral  salifiable  bases. 
The  metals  17,  18,  19,  20,  21,  22,  and  23,  are  acidifiable  by  combination  with 
oxygen.  Of  the  oxides  of  the  rest,  up  to  the  30th,  but  little  is  known.  The 
remaining  metals,  sodium,  lithium,  calcium,  barium,  strontium,  magnenum, 
yttrium,  elucinum,  aluminum,  thorinum,  zirconium,  and  silicium,  form,  with 
oxygen,  the  alkaline  and  earthy  bases. 

MICA.  A  mineral,  which  Professor  Jameson  divides  into  ten  species ;  but 
the  term  is  generally  understood  to  imply  talc,  or  Muscovy  glass,  which  b  one 
of  the  species.  Most  of  the  mica  or  talc  of  commerce  is  brought  from  Siberia, 
where  it  is  used  as  a  substitute  for  window-glass.  In  this  country  it  is  employed 
for  similar  purposes  where  violent  agitation  or  great  heat  would  be  destructive 
of  common  glass.  It  is  also  used  for  enclosing  objects  for  microscopes,  for 
which  it  is  i^mirably  adapted ;  consisting,  as  it  does,  of  an  unlimited  series  of 
transparent  laminae  adhering  to  each  other,  which  easily  separate  into  extremely 
thin  flexible  plates,  by  the  application  of  the  fine  edge  of  a  pen-knife. 

MICROM£T£R.  An  instrument  of  which  there  are  various  constmc- 
tionSf^usually  applied  to  telescopes  and  microscopes,  for  the  purpose  of  mea- 
suring minute  bodies,  or  small  angles  formed  by  bodies  at  a  remote  distance, 
by .  which  their  real  magnitude  is  obtained.  To  the  modem  introduction  of 
this  instrument  for  the  use  of  the  astronomer,  and  to  the  improvement  of  the 
telescope,  may  be  attributed  our  present  accurate  and  extensive  acquaintance  with 
the  universe  of  matter ;  while,  from  the  perfection  to  which  the  microscope  has 
been  brought,  an  equal  acquaintance  with  the  organization  of  minute  bodies  may 
be  expected.  By  the  application  of  the  micrometer  to  the  latter  instrument,  the 
power  of  the  naturalist  is  materially  extended ;  while  the  micrometer  is  of  the 
utmost  value  for  trigonometrical  surveys,  and  in  military  and  naval  operations. 

MICROSCOPE ;  from  two  Greek  words,  signifj'ing  srnaU,  and  to  tnew.  An 
optical  instrument  for  viewing  small  objects,  rendering  those  visible  which  can- 
not be  distinguished  by  the  naked  eye,  and  magnifymg  those  that  can.  The 
forms  of  microscopes  are  very  numerous,  but  they  may  all  be  included  in  three 
distinct  classes,  namely,  smgUf  con^pound-refractmgf  and  compoumd-r^Heelmg 
microscopes.  A  simnle,  or  single  microscope,  is  that  which  consists  of  •  sincJIe 
lens  or  single  sphenue.  Most  persons  may  have  observed,  that  when  the  &- 
tance  of  an  object  is  decreased,  we  are  enabled  to  define  its  parts  more  readily, 
and  that  it  appears  larger ;  thus,  if  we  look  at  two  men,  the  one  at  200  feet, 
and  the  other  at  only  100  feet  from  us,  the  former  will  appear  only  half  the 
height  of  the  latter ;  or  the  angle  which  the  latter  forms  with  the  eye  of  tbe 
observer  will  be  twice  that  of  the  former.  Hence  the  nearer  we  can  bring  so 
object  to  the  eye,  the  larger  it  will  appear.  If  we  have  to  examine  a  veijr 
mmute  object,  and  in  order  to  render  its  parts  distinguishable,  if  we  bring  it 
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light  from  the  object,  uid  the  power  of  the  cryatallme  Iraa  of  the  eye  not  being 
undent  to  collect  the  rayi,  wherrby  an  image  of  the  object  may  be  formed  on 
Ibe  retina,  At  the  proper  diatwice  at  the  back  of  the  eye.  liut  if  we  emjiloy  4 
linglc  microscope,  wbich  conaiits  of  a  convex  lens,  usually  made  of  glasa, 
(though  it  vould  have  tbe  power  of  magnifying  or  increuing  the  angle,  it 
made  of  any  other  tnuuparent  substance,  but  in  a  different  degree,)  mounted  or 
bed  in  brw,  and  place  it  between  the  ol^ect  and  tlie  eye,  the  former  being  in 
die  focna  of  the  glau,  the  diverging  rayi  from  tbe  object  will  be  refiacted  and 
nndered  parallel  by  the  lens,  and  we  snail  thus  obtain  a  near  and  distinct  view 
of  the  otriecL  The  quantity  of  light  necessary  lo  be  employed  in  using  a  micro- 
•e^e  i*  drpendant  on  the  nature  of  the  ol^ect  under  examination,  and  on  the 
ougnifying  power  of  the  tenses  necessary  lor  its  developement. 
fto   Mine] 


ed   figure  is   a   single 
is  the  DraM  item ;  c  the 


g  the  lens  c;  at  d  there 
ia  attached  an  arm  e ;  this  arm,  being 
jointed  at  d^  is  capable  of  lying  flat, 
or  (leing  altered  to  any  convenient 
pcKtion  for  viewing  the  object,  as 
ihawD  by  the  dotted  lines;  on  the 
rmnd  ana  «  is  a  iliding  tube  /,  fixed 
to  anothet  tube  at  right  angles,  which 
curies  the  forceps  A,  movaUe  ia 
evny  Erection  with  respect  to  the 
lens  c;  the  handle  i  is  screwed  to  the 
■tern  a  when  in  use.  This  is  the 
luiet  convenient  form   of    a  single 


'  refractiTig  Mlcrotcopt 
it  conaisdng  of  two  or 
■ore  convex  lenses,  by  one  of  which 
HI  enlarged  image  of  the  object  is 
twined,  and  then  by  means  of  the 
fn[dayed  as  an  eye-glass,  a 
■  ■■   1  of  the  en- 


eompotmd  microscope  are  placed  from 
each  odker  must  always  exceed  the 
mm  at  (heir  focal  lengths,  in  order 
Aat  the  inu^  may  be  formed  by  the 
oiject-glaw  m  the  exterior  focns  ot 
the  * je-gW.  The  great  distinction 
between  aii^e  and  conpound  micro- 
scopes ia,  that  in  the  latter  we  only 
view  «  Dugnified  image  of  the  object, 
wlile  in  Ae  fonner  we  see  the  olyeet 
•tKJf.    From  this  it  must  be  evident, 

"  ■  the  image  formed  bv  the  object-glass  be  a  perfect  rcpresentatioo 
geet  in  every  particular,  its  imperfections,  however' small,  will  bo 
ngwed  1^  the  eyeglass,  in  the  same  ratio  as  it  magnifiea  the  image.  On 
■(Mmt  of  this  disadvantage,  the  compound  microscope  had  been  entirely  laid 
Midi  by  the  mott  diitinguished  naturaliati  and  philosophers  till  very  lately. 
w  general  purposes  it  is  prefered,  on  account  of^  the  extent  of  field  obtained 
bjil,  which  11  far  greater  than  that  obtained  by  ordinary  single  clas*  lenses  of 
ytl  power.  For  these  purposes,  there  ia  usually  introduced  a  third,  or  field- 
P^by  which  the  extent  of  view  is  itill  further  increased  by  the  rays  being  bent 
qtUt^eni,  w  that,  a  greater  portion  of  them  may  be  reli-acted  by  the  ejc- 
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glass.     The  annexed  figure  is  a  section  of  a  compound  microscope ;  r  i$  the 

object  intended  to  be  magnified,    ' 

which  is  placed  in  the  focus  of  £ 

the  object-glass  o  ;  by  this  lens, 

an  enlarged  and  inverted  image 

is  formed  at  1 1,  in  the  focus  of 

the  eye-glass  c  ;  /is  a  field-glass, 

by  which  the  extent  of  the  view 

is  increased  from  the  diverging 

dotted  lines  to  t  f,  by  the  rays  being  bent  by  this  lens,  so  that  a  greater  portion 

of  them  is  refracted  by  the  eye-glass  c. 

The  Solar  Microscope  consists  of  a  common  microscope,  connected  to  a 
reflector  and  condenser,  the  former  being  used  to  throw  the  sun's  light  on  the 
latter,  by  which  it  is  condensed  to  illuminate  the  object  placed  in  its  focus. 
This  microscope  is  sometimes  called  the  Camera  Obscura  Microscope,  but  it 
still  more  nearly  resembles  the  magic  lantern  in  its  effect.  The  exhibition  it 
affords  is  made  in  a  darkened  room,  and  it  can  only  be  used  when  the  sun 
shines.  This  instrument  usually  consists  of  one  plane  mirror  and  two  lenses. 
Tlie  mirror  s o  must  be  without  the  window  shutter  du;  the  lens  a  b  fixed  in 
the  shutter ;  and  the  lens  n  within  the  room.  The  lens  a  6  is  inclosed  in  a  brass 
tube,  and  the  other  in  a  smaller  tube,  which  slides  in  the  former,  for  the  pur- 
pose of  adjusting  it  to  the  proper  distance  from  the  object.  The  mirror  can  be 
so  turned  by  adjusting  screws,  that  however  obliquely  the  incident  rays  £  F  fall 
upon  it,  they  can  be  reflected  into  the  dark  room  through  the  illuminating  lens 
a  b  in  the  shutter.  This  lens  collects  those  rays  into  a  focus  near  the  object, 
and,  passing  on  through  the  object  cffy  they  are  met  by  the  magnifier  n  ;  here  the 


rays  cross,  and  proceed  divergently  to  a  vertical  white  screen  prepared  to  receive 
them ;  on  which  screen,  the  image  or  shadow  y  r  of  the  object  will  appear. 
The  magnifying  power  of  this  instniment  depends  on  the  distance  of  the  white 
screen,  and  in  general  bears  a  certain  proportion  to  the  distance  of  the  object 
eg  from  the  magnifier  n;  that  is,  if  the  screen  be  at  ten  times  that  distance 
from  the  lens  n,  the  image  will  be  ten  times  as  long,  and  ten  times  as  broad  as 
the  object  About  ten  or  twelve  feet  is  the  best  distance ;  for,  if  further  ofi) 
tlie  image,  though  larger,  will  be  obscure  and  ill  defined.  The  apparent  magni- 
tude of  objects  IS  measured  by  the  angle  under  which  they  are  seen  hy  the  eye, 
and  those  angles  are  reciprocally  as  the  distances  from  the  eye.  If  eight  inches 
he  assumed  as  the  nearest  limit  of  a  distinct  vision  to  the  naked  eye,  and  by 
interposing  a  lens,  we  can  see  with  equal  distinctness  at  a  nearer  dutance,  the 
object  will  appear  to  be  as  much  larger  through  the  lens  than  to  the  naked  eye, 
as  its  distance  from  the  eye  is  less  than  the  distance  of  unassisted  vision.  If 
the  focal  distance  of  a  convex  lens  be  one  quarter  of  an  inch,  or  Uie  thirty- 
second  part  of  the  common  limit  of  vision,  or  ei^ht  inches,  the  Ihieal  dimen- 
sions of  an  object  examined  with  it  will  be  magnified  thirty-two  times,  and  its 
surface  1024  times,  or  the  squafe  of  32. 

The  8im|>lest  microscope  which  can  be  employed  to  any  useful  purpose,  i^ 
that  which  is  made  with  a  drop  of  water,  suspended  in  a  very  small  hole  in  ^ 
thin  slip  of  brass,  or  any  similar  material.     A  spherule  of  water,  however,  <^ 
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the  tame  size  as  one  of  glass,  will  not  magnify  so  much  as  the  latter,  because, 
as  its  density  is  not  so  great,  it  has  a  longer  focus.  A  drop  of  water  placed  on 
the  end  of  a  slender  piece  of  brass  wire,  and  held  to  the  eye  by  candle-light, 
will,  without  any  other  apparatus,  magnify,  in  a  very  surprising  manner,  the  ani- 
malculse  contained  in  it  These  water  microscopes  have  given  rise  to  the  use 
of  various  other  fluids,  with  several  varieties  of  constniction.  Dr.  Brewster, 
instead  of  water,  has  made  use  of  very  pure  and  viscid  turpentine,  taken  up  by 
the  point  of  a  piece  of  wood,  and  dropped  successively  upon  a  thin  and  well- 
polished  glass.  The  same  gentleman  has  also  used  sulphuric  acid  and  castor- 
oil,  both  of  which  possess  a  refractive  power  considerably  greater  than  water. 
Fluid  lenses  have  oeen  employed  as  the  object-glasses  of  compound  micro- 
scopes. Minute  glass  spherules  make  excellent  microscopes,  but  the  foci  of  the 
smallest  sort  are  so  short,  that  it  requires  considerable  attention  and  patience 
to  employ  them  well. 

MILK.     a.  fluid  secreted  by  the  females  of  the  class  mammalia.    Although 
the  proportions  of  its  constituents  vary  in  different  animals,  its  general  proper- 
ties are  the  same  in  all.    When  this  fluid  is  allowed  to  stand  for  some  time,  it 
undeigoes  spontaneous  changes,  and  is  resolved  into  its  component  parts :  a 
tiiick  yellowish  substance  collects  on  the  surface,  which  is  creamf  while  the 
milk  beneath  becomes  thinner  than  before,  and  is  of  a  pale  bluish  colour.  When 
cream  is  kept  for  some  days  without  being  disturbed,  it  gradually  becomes 
thicker,  till  at  last  it  acquires  the  consistence  of  cheese ;  so  that  one  method  of 
making  cream  cheese  is  merely  bv  putting  cream  into  a  linen  bag,  and  leaving 
it  there  till  it  becomes  solid.     Wnen  cream  is  shaken,  it  is  resolved  into  its 
component  parts.  The  process  by  which  this  is  accomplished  is  called  churning, 
whence  two  products  result, — InUter  and  btdter-miik.     In  the  making  of  butter, 
cream  is  allowed  to  stand  for  some  time,  during  which  an  acid  is  generated.  It 
is  then  put  into  a  chum  and  agitated,  by  which  the  butter  is  gradually  sepa- 
rated ;  what  is  left  (the  butter-milk)  has  a  sour  taste,  but  not  so  much  as  that 
of  the  cream  before  churning.     Butter  is  also  sometimes  made  from  cream 
which  has  not  become  sour,  but  the  process  is  much  more  tedious,  owing  to  the 
want  of  acid  to  favour  the  separation.     Butter  is  merely  an  animal  oil,  solid  at 
a  natural  heat,  but  held  in  solution,  in  milk,  by  some  of  the  other  substances ; 
thus  obtained,  however,  the  butter  is  not  pure,  and  requires  much  washing  in 
water  to  firee  it  from  its  impurities,  and,  by  the  subsequent  addition  of  salt,  it 
may  be  kept  good  a  long  time.     Milk  from  which  butter  has  been  taken 
imdergoes  spontaneous  clumges;   it  becomes  much  sourer,   and   assumes  a 
gelatinous  form.     When  heated,  the  fermentation  of  this  coagulum  is  hastened, 
and,  by  the  addition  of  certain  substances,  it  very  soon  takes  place  ;  thus  acid 
and  spirits  of  wine  curdle  it,  which  is  owing  to  the  albumen  it  contains  being 
acted  upon  by  them  in  the  same  way  as  blood  or  white  of  eggs.     By  far  the 
most  powerful  coagulator,  however,  is  the  substance  called  rennet.     When  the 
milk  is  previously  heated,  and  rennet  added,  it  instantly  coagulates.     If  the 
ooigulam  be  cut,  a  thinnish  fluid  oozes  from  it ;  and  if  it  is  put  into  a  bag  and 
squeezed,  the  whole  of  this  is  forced  out,  and  a  whitish  tough  matter  remains ; 
the  former  is  whey^,  and  the  latter  curd.    On  this  depends  the  process  of  making 
cheese,  which  vanes  in  richness  according  to  the  mode  followed  in  preparing  it. 
When  milk  is  heated  gradually,  and  merely  to  the  temperature  at  which  it  cui^ 
iWi,  and  the  curd  freed  gently  from  the  whey,  it  retains  almost  the  whole  of 
the  cream,  which  adds  to  its  richness  and  flavour;    but  when  it  is  curdled 
quickly,  and  the  whey  is  speedily  removed  by  cutting  the  curd,  a  great  deal,  or 
ttetriv  the  whole  of  the  cream  is  carried  off,  and  the.  cheese  is  poor,  and  has 
not  the  rich  flavour  of  cheese  made  in  the  other  way.   The  latter  is  the  method 
omally  followed  in  Scotland,  where  both  cheese  and  butter  are  obtained  from 
nulk, — the  whey  procured  in  the  process  yielding  a  considerable  quantity  of  the 
^er ;  and  hence  the  comparative  poorness  of  Scotch  cheese.     In  making 
tHeese,  having  obtained  the  curd,  and  treed  it  from  its  whe^,  the  remaining  part 
of  th8  process  is  merely  to  subject  it  to  pressure,  by  which  the  whole  of  the 
*hey  ii  forced  out ;  the  colouring  ingredient  is  generally  annotta,  to  give  it  the 
dwirediint. 
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HifUk,  according  to  the  analysis  of  Bcrzelius,  consists  of — 

Parts. 

Water 928.75 

Curdy  with  a  little  cream 28.00 

Sugar  of  milk 35.00 

Muriate  of  potash 1.70 

Phosphate  of  potash     .    .     •  ~ 0.25 

Lactic  acid,   acetate  of  potash  with  a  trace  of 

lactate  of  iron 6.00 

Earthy  phosphates >  ^0 

1000.00 

The  same  chemist  found  cream  of  spec.  gray.  1.0244,  by  analysis  to  consltt  of 
butter  4.5,  cheese  3.5,  whey  92. 

MILLS  are  machines  for  triturating  all  kinds  of  substances  capable  of  beiug 
reduced  or  pulverized  by  their  action.  Those  employed  for  converting  grain  into 
flour,  by  rubbing  it  between  two  hard  surfaces,  are  generally  of  stone.  The  earliest 
species  of  mills  were  of  a  very  rude  and  simple  construction,  consisting  of  two  flat 
stones,  one  placed  on  the  other,  and  the  uppermost  turned  by  hand,  resembling 
the  figures  shown  in  the  following  engraving,  which  represents  a  hand-mill  la 


nearly  universal  use  at  the  present  day  amongst  the  eastern  countries.  Tlw 
two  stones  are  put  together,  as  in  the  figure,  and  the  upper  one  is  then  turned 
by  hand  round  the  central  pivot.  Mills  of  this  description  were  in  commott 
use  amongst  the  Egyptians,  Hebrews,  Romans,  and  other  nations  of  antimu^y 
and  continued  in  use  in  the  Highlands  of  Scotland  until  a  very  recent  date; 
the  principle  is  indeed  the  same  as  that  of  our  most  modem  and  improved 
mills,  but  it  is  only  adapted  for  grinding  small  quantities  of  gram  at  a  time. 

Under  the  head  Hand-mills  we  have  described   two  mills,  wluch  we» 
designed  to  illustrate  a  mode  of  applying  manual  power  to  such  machines,  thai 
has  been  deemed  by  various  eminent  writers  on  mechanics  as  the  moat  efficient; 
namely,  that  of  rowma.     But  however  energetic  that  action  may  be,  it  doea  nd 
appear  to  have  stood  the  test  of  experience ;  probably  on  account  of  it  not 
being  so  convenient  at  all  times  as  that  of  the  winch,  wluch  is,  besides,  much 
more  compact,  and  requires  for  its  use  no  previous  initiation.    The  ordinanr 
kind  of  small  hand-miUs  resemble  closely  those  metallic  coffee-grinders  whi» 
almost  every  person  has  in  his  possession,  or  may  see  in  constant  requisition  ii» 
the  shops  of  grocers.   A  few  words  will  describe  the  whole  of  this  dasa. — Tho^ 
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eooaist  of  one  central  solid  frustrum  of  a  cone,  the  outer  circular  surface  of 
which  ia  cut  spirally  into  furrows,  so  as  to  present  at  the  upper  edges  of  the 
ktter  a  continuous  series  of  angular  teeth.  On  the  outside  of  the  latter  is  fixed 
concentrically  a  hollow  frustrum  of  another  cone,  similarly  cut  into  grooves,  and 
10  proportioned  to  the  former,  that  at  one  extremity  the  opposed  grooves  almost 
touch  each  other,  and  at  the  other  they  are  so  far  apart  as  to  admit  the  articles 
to  be  ground,  whole.  These  concentric  conical  grinders  are  fitted  up  in  a  variety 
of  ways.    In  the  little  hox-mills  the  axes  of  the  cones  are  usually  vertical ;  but 
in  the  fixed,  or  post-mills,  the  cones  are  horizontal .  in  both,  they  are  surmounted 
with  hoppers  to  convey  the  nuiterials  to  the  grinding  surfaces,  and  the  products 
of  the  trituration  are  received  into  either  fixed  or  loose  receptacles  beneath.  By 
the  revolution  of  the  inner  cone,  the  substances  are  first  broken  in  the  widest 
pert  of  the  annular  crevice,  and  being  thus  reduced  in  size,  they  gradually  sink, 
or  are  forced  into  narrower  and  narrower  spaces,  until  they  emerge  from  the 
Rinders  in  a  state  more  or  less  comminuted,  according  to  the  adjusted  space 
between  the  grinders,  which  is  usually  performed  by  a  screw  passing  through  a 
traverse  bar,  with  its  end  bearing  against  one  end  of  the  revolving  grinder,  so 
ss  to  limit  the  extent  of  its  separation  or  distance  from  the  fixed  grinder.  Mills 
coBstracted  upon  the  same  principle  are  almost  universally  appned  to  a  great 
variety  of  useriil  purposes ;  and  the  manufacture  of  them  is  one  of  considerable 
extent  in  Birmingham  and  other  places.    But  however  valuable  their  appKca- 
tion  generally,  they  are  but  ill  adapted  to  the  grinding  of  corn  advantageously, 
because  the  perfection  of  that  art  consists  in  an  exact  separation  of  the  husk,  or 
bran  and  pollard,  from  the  pure  flour ;  and  the  operation  cannot  be  success- 
fully performed  if  the  com  be  much  cut  to  pieces,  which  mills  of  the  kind  just 
deienbed  almost  invariably  do  when  they  are  in  order,  or  sharp;  and  when  they 
sre  dull  from  wear,  the  mills  soon  doe,  if  set  close,— or  if  set  open,  a  very 
wasteful  quantity  of  flour  is  left  upon  Sie  bran  or  other  offal.    These  defects 
ariie,  in  our  opinion,  from  an  erroneous  mode  of  construction.   Com  and  grain 
generally  are  extremely  solid  compact,  bodies,  and  when  reduced  to  powder  or 
meal,  they  occupy  a  much  larger  space  than  previously ;  consequently,  as  the 
grinding  pr«^[resses,  the  spaces  for  the  reception  of  the  comminuted  matter  should 
bcproportionaUy  en^^rea;  but  it  will  be  observed,  that  the  annular  crevices 
between  the  concentric  cones,  where  the  grinding  takes  place,  are  rapidly  eott- 
tneUd  into  a  very  acute  angle.     Here  the  clogging  necessarily  occurs ;  and 
B&less  the  grinders  be  set  considerably  wider  apart,  so  as  to  let  the  meal  pass 
<iQt  in  an  extremely  coarse  state,  the  meal,  by  the  continued  attrition  (or 
beading  as  it  were)  becomes  converted  into  a  pasty,  blackened  mass.     From  m 
Kries  of  experiments  made  with  cones  of  various  inclinations  by  the  writer, 
evidence,  conclusive  to  his  mind,  was  afibrded  of  this  fact,  that,  in  proportion 
u  the  concentric  cones  were  reduced  in  their  height,  did  the  flour  improve ; 
lod,  finally,  when  he  brought  the  surfaces  down  to  a  perfect /7a^  the  products 
of  the  grinding  were,  in  the  language  of  the  miller,  more  Uvely^  and  of^  a  better 
nW,  than  in  any  previous  experiments.     From  the  singularly  beautiful  and 
ingenious  device  of  concentric  conical  grinders,  and  their  compactness,  it  is 
innost  to  be  lamented  that  they  do  not  succeed  better  with  wheat.    There  is, 
botever,  anodier  defect  attached  to  these  miUs,  which  we  ought  not  to  forbear 
BoticiDg ;  this  consists  in  the  spiral  grooves  forming  a  series  of  continuous 
cotting  edges,  which  dip  the  erain  to  pieces,  and  cause  much  of  the  husk  to  be 
gfoona  fine,  and  be  mextricaUy  mixed  with  the  flour ;  whereas,  the  action  ought 
to  be  that  of  simple  crashine,  m  the  first  part  of  the  operation,  which  flattens 
tbe  husk,  and  permits  the  flour  to  be  afterwards  mbbed  and  scraped  from  its 
inrfiee,  without  incurring  much  subsequent  minute  subdivision  to  the  detriment 
rf  the  flour. 

A  very  el^ant  and  compact  corn-mill  was  constructed  in  France,  and  was 
fioi>ted  by  £ionaparte  for  the  uses  of  his  vast  army  when  he  invaded  Russia 
is  1812.  Hence  it  was  called  the  French  military  mill,  and  it  was  introduced 
"ibseqnently  into  this  country  on  account  of  its  portability  and  convenience, 
f^contistcd  of  two  circular  cast-iron  plates,  about  12  inches  in  diameter,  placed 
^  t  vertical  position,  one  of  which  was  fixed,  and  the  other  rotative,  upon  a 
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'  horizontal  axis,  turned  by  a  winch.  The  plates  were  indented  all  over  with 
radiating  CTooves ;  the  corn  was  conducted  to  the  centre,  or  eye,  by  means  of 
a  lateral  hopper,  and  the  meal,  as  it  was  ground,  was  projected  mm  around 
the  periphery  by  the  centrifugal  force  of  the  revolving  plate. 

In  1824,  Messrs.  Taylor  and  Jones  took  out  a  patent  for  some  improved 
appendages  or  adjustments  to  this  mill ;  but  there  is  reason  to  believe  that  the 
undertaking  failed  from  an  inherent  defect  in  the  construction  of  the  original 
The  vertic^  position  of  the  plates  is  unquestionably  disadvantageous,  as  the 
efiect  of  gravity  is  always  counteracting  the  centrifugal  action,  and  necessarily 
causes  a  larger  portion  of  the  meal  to  descend  from  underneath  than  from  the 
sides  or  the  top ;  and  this  tendency,  we  suspect,  must  have  rendered  it  expe- 
dient to  work  very  close,  to  prevent  the  meal  dropping  out  in  a  coarse  state  : 
and  from  the  greater  resistance  of  the  meal  on  the  lower  side  than  on  the  upper, 
the  plates  were  liable  to  spring  or  separate  more  underneath ;  or  if  unyielding, 
by  reason  of  their  solidity  and  perfect  centering,  a  deterioration  of  the  meal 
seems  to  be  the  necessary  result 

Many  attempts  have  been  made  to  grind  wheat  b3r  stones  running  vertically, 
both  here  and  in  America,  but  a  litUe  experience  in  their  working  has  gene- 
rally led  to  their  abandonment  A  variety  of  machines  have,  likewise,  been 
constructed  for  domestic  use,  wherein  the  dressing-machine,  or  bolter,  has  been 
annexed  to  the  mill,  so  that  the  two  processes  shafl  be  conducted  consecutively 
within  the  same  framing.  Such  machines,  therefore,  represent  the  apparatus 
of  the  great  public  mills  in  miniature ;  but  they  confer  no  advantages,  because 
they  are  equally  complex,  and  are  put  together  in  an  inferior  manner.  Viewing 
the  subject  in  tnis  light,  the  writer,  a  few  months  ago,  directed  his  thoughts  to 
the  simplification  of  the  miUering  apparatus ;  and  he  so  far  succeeded,  as  to  per- 
fectly grind  and  dress  upon  the  same  continuous  surface,  which  appears  to  be 
the  limit  of  invention,  at  least  as  far  as  the  principle  is  concerned.  The 
following  account  of  this  machine  is  extracted  from  the  Mechmuci'  Magcxme, 
No.  665. 

**  Heh€rt*8  Patent  Flour-makhig  Machine, — From  a  personal  inspection  of  the 
machine  delineated  in  perspective  on  the  following  page,  and  mrni  a  carefhl 
perusal  of  the  inventor's  specification,  it  appears  to  us  to  be  his  design  to  con- 
struct flour-mills  of  the  utmost  simplicity  and  durability ;  in  which,  not  only  the 
arinding  of  the  com,  but  the  dressing  (sifling)  of  the  meal  into  flour,  poUard, 
bran,  &c.,  are  simultaneously  performed.  It  is  not,  however,  to  be  understood 
that  these  combined  operations  are  effected  by  the  mere  annexaUon  of  a  dress- 
ing-machine to  a  mill,  and  driving  them  both  together;  for  in  such  an  arrange- 
ment there  would  be  neither  novelty  nor  economy.  But  the  combined  operations 
of  finding  and  dressing  are  in  this  new  patent  mechanism  so  simplined,  and 
so  intimate,  that  they  are  continuously  going  on,  upon  one  continuous  surface. 
The  essential  members  of  the  machine  arc  thereby  reduced  to  only  two  !  one 
stationary,  the  other  rotative.  This  remarkable  simplicity  conduces  to  many 
advantages,  which  our  mechanical  readers  will  at  once  appreciate,  without  our 
entering  upon  the  details.  The  inventor  has  shown  in  nis  specification,  and 
has  actually  put  into  beneficial  practice,  several  modifications  of  the  prin- 
ciple so  as  to  adapt  the  scale  of  their  operations  to  any  required  magnitude. 
We  have  selected  for  the  present  article  what  the .  patentee  denominates  his 
patent  domestic  flour-maker,  which  is  adapted  to  the  manual  force  of  one  man ; 
but  the  power  requisite  to  work  this  may  be  diminished  or  increased  at  the 
pleasure  of  the  operator,  by  a  corresponding  reduction  or  augmentation  of  the 
feed,  or  quantity  of  com  permitted  to  pass  under  the  operation  of  the  grinders 
in  a  given  time.  In  a  subsequent  number  we  purpose  inserting  a  description 
of  one  of  the  same  kind  of  machines,  which  is  in  use  at  the  workhouse  of  AU 
Saints,  near  Hertford,  where  it  is  worked  by  any  number  of  me^,  from  two  to 
ten,  (by  a  suitable  alteration  of  the  feed,)  and  is  capable  of  properly  grinding 
and  dressing  as  much  corn  in  a  given  time  as  other  mills  will  grind  only  ;  the 
estimated  power  required  to  work  it  efficiently  being  that  of  one  horse,  whether 
worked  by  that  animal,  or  by  wind,  water,  or  stcum. 

<*  We  shall  now  proceed  to  describe  the  *hand-miU,  with  reference  to  thm 


CDfn^Ting  brfbre  adviited  to.  all  so  axis,  mounted  inpltimmar-blocknifr,  and 
tnmed  by  a  irinch  c,  Mtiited,  if  required,  by  a  handle  d,  fixed  lo  one  of  the 
■rail  of  tlie  fly-vbeel  1 1.  The  axi>  a  also  carriei  a  bevelled  wheel  /,  which 
dn*ei  k  pinion  g,  fixed  upon  a  Tertica)  ipindte  h,  that  reT<dves  in  the  centre  of 
>  metallic  bopper  i,  and  carriea  at  its  lower  extremity  the  upper  grinder ;  and 


\*  of  bruihes,  that  revolve  t^ge- 
--  ■■—  .. .»__  »..  ....._.  <~~..yi  ~~-'  •a  one  piece  with  the  hopper  i.     Tne 

Wergtinder  u  fixed  in  the  centre  (^  the  flattop  Jt  of  the  pedestal ;  and  around 


■°  Ilw  pni^er^  of  the  Utter  i>  attached  a 
^  •llh  tt  innde  the  circular  caae^,  catt  it 
Wergtinder  u  fixed  in  the  centre  (^  the  lis 

w  lower  grinder,  in  Ac  tame  plane  ai  tli  lupenor  lurface,  is  an  annulua  of  fine 
^*t-naxe;  over  the  wea  of  which  the  bnuhea  «weep  in  their  revolution,  con- 
^nuljicattMill^  even  particle  of  the  meal,  al  tbeiame  ii  constantly  pn>jec(ed 
Utunute  qnanbtiei  all  around  the  peripheries  of  the  grinders,  on  to  the  wire- 
^o^;  causing  the  flour  to  fhU  through  the  meshes  into  the  draivcr  nni,  below; 
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while  the  bran  and  pollard,  which  cannot  pass  the  wlie-fi^ause,  are  continually 
being  freed  from  their  adhering  flour  by  the  action  of  the  brusheSy  until  they  ar« 
driven  through  an  aperture  at  the  outer  circumference  of  the  wire-^uie,  on  to 
an  inclined  screen  of  coarse  wire-work,  where  the  offal  separates  ittel(  in  the 
mere  act  of  falling,  into  pollard  and  bran,  both  of  which  deposit  themtdvM 
into  separate  compartments  made  in  the  drawer  n.  At  /  is  a  screw  for  regu- 
lating the  admission  of  the  com;  and  at  o  is  a  lever  over  ea  engnifed 
plate,  which  directs  the  operator  which  way  to  move  it^  according  at  lie 
may  desire  to  r^^late  the  grinding,  whether  coarser  or  finer  than  it  wna  pre- 
viously set.  These  adjustments  are  obvious  to  the  sight,  end  unttiiii^  in 
their  action. 

"  Amongst  the  advantages  which  this  machine  presents  to  the  eeonomiet  Bugr 
be  stated  its  convenience,  portability,  and  perfect  cleanliness,  and  there  being 
no  dust  or  waste  of  any  kind.  It  is  particularly  adapted  for  the  use  of  doBBMlk 
families,  who  are  desirous,  not  merely  to  make  their  own  bread,  hot  to  be  ene 
that  the  flour  which  they  use  is  a  genuine  product  of  good  wheat  Ae  leqpecta  ili 
utility  to  emigrants  and  distant  settlers,  we  have  reason  to  believe  diet  ib 
merits  have  already  been  very  satisfactorily  tested ;  the  duralnliW  of  the  grind- 
ing surfaces  being  such  as  to  render  a  renewal  of  them  apparently  unnecessuj 
for  a  series  of  years.  A  mill  of  this  kind  may  be  seen  mt  Mo.  20,  Pater- 
noster-row." 

Since  the  foregoing  account  appeared  in  the  Mechanic'a  Magazine,  sever  fc] 
valuable  improvements  have  been  made  in  the  machine.  The  wire  ganse 
through  which  the  metal  is  sifted,  is  now  rendered  capable  of  being  eaeily  with- 
drawn, so  as  to  convert  the  machine  into  a  simple  mill,  the  whole  or  gross 
produce  being  at  once  deposited  in  the  laige  drawer:  its  utility  is  thus  much 
extended,  as  tnere  are  many  substances  that  do  not  reouire  sifting. 

Owing  to  a  mistake  made  by  the  draftsman,  the  peaestal  of  the  mill  in  the 
foregoing  cut  is  represented  as  disproportionally  small.  With  reference  to  the 
larger  class  of  machines  constructed  on  the  same  principle,  and  alluded  to  in 
the  foregoing  extract,  as  being  in  operation  at  Hertford,  we  may  be  permitted 
to  observe,  that  one  of  the  prominent  disadvantages  of  the  working  of  mills 
and  dressings  machines  of  the  ordinary  construction  in  a  workhouse,  is  the 
necessity  of  employing  a  paid  servant  to  superintend  and  direct  their  operations : 
to  which  may  be  added  the  frequent  stoppages  in  the  work,  for  taking  up  the 
stones  to  recut,  or  dress  their  surfaces  anew,  a  process  which  requires  great 
mUIering  skill  and  practical  experience  to  execute  in  an  efficient  nuuiner ;  and 
however  ably  it  may  be  performed,  it  unavoidably  entails  a  great  waste  of  time, 
much  labour,  and  wear  and  tear  of  tools  and  machinery.  But  the  extraor- 
dinary simplicitv  of  this  patent  machine,  (which  is  now  being  introduced 
into  several  of  the  workhouses  conducted  under  the  new  system  m  poor  laws,) 
renders  the  management  of  it  so  easy  and  obvious,  that  the  master  of  the  wofk- 
house  can,  without  any  difficulty  or  inconvenience,  superint^id  its  operation*  or 
depute  any  unskilled  labourer,  in  whom  he  can  confide,  to  occasionally  look 
to  its  performance;  as  the  machine  requires  no  active  duty,  but  oontinaee 
to  perrorm,  uniformly  for  months  together,  all  its  operations  of  grinding^ 
dressing,  and  separating  its  various  products  of  flour,  pollard,  bran,  &c  without 
any  interference,  but  that  of  keeping  it  clean  and  properly  oiled. 

The  mechanical  arrangements  of  this  new  macnine  equally  adapt  it  to  the 
production  of  every  quality  of  flour  and  meal  that  may  be  requirea ;  to  grind 
and  dress  finer  or  coarser,  at  the  pleasure  of  the  operator ;  to  grind,  break,  or 
crush  only,  without  dressing ;  to  dress  only,  without  grinding ;  and  may  bs 
equally  well  worked  by  any  number  of  men  or  boys,  firom  only  one  up  to 
twenty,  the  quality  of  the  products  being  the  same,  and  the  difference  only 
in  the  quantity.  A  machine  of  this  kind  has  now  been  in  active  operation 
for  several  months,  at  All  Saints*  Workhouse,  of  the  Hertford  Union,  the  guar- 
dians^ of  which,  as  well  as  the  master,  Mr.  Booth,  have  testified  to  the  facts  just 
inentioned.  The  framing  of  this  machine  is  made  partly  of  oak,  but  all  those 
since  constructed  are  entirely  of  metal,  and  combine  other  improvements,  which 
add  to  their  practical  convenience ;  one  of  which  may  be  seen  in  operation  at 


Dr.  AUen's  exccltriit  MlAbliilimmt  for  the  eatt  uf  mcB>»l  diteurB.  at  Hioh 
Betch,  Dear  \Voi>df«d,  Euei.  * 


the  fullowilig  descnpton  of  an  economical  hnr»c  m  II  for  pnnd  ng  cnrn  i« 
tttiettd  ftoni  a  communicBtian  in  the  Friaiilm  Jo  nut!  for  J  ty  1H''6, 
*»«*d  to  the  fknnen  and  planters  of  the  United  btates  — a  o  are  the  mill- 
■^a;  h  the  ipindle,  which  supporis  the  upper  stone  e  a  dnim  Dpon  the 
^ndtcmide  long  to  prevent  the  band  itlEpping ofT  Enlarge  gtn  with ita shaft, 
*nd  »ni(  (the  lever  to  which  ^e  hone  i«  vt^ed  in  not  shown) ;  «  the  bolt  of 
laniKd  le«ther,  fire  or  six  inche*  brood,  with  a  buckte  to  give  it  the  neceraaiy 


tigfitneia.  It  has  not  been  thought  reqiimte  to  ihow  th«  hopper  and  other 
necesNtry  appendagei,  as  with  these  every  country  mechanic  ii  veil  acquainted. 
The  larger  the  diameter  of  the  circle  iu  which  the  horse  travcb  the  better,  but 


it  ihouU  on  no  accaunt  be  lew  than  18  feet;  the  proportion  of  the  haga  and 
■mall  drums  must  he  regulated  by  the  size  of  the  itanea  and  the  diameter  of 
the  hone-track ;  and  it  would  in  most  cases  be  found  be>t  to  nla«e  the  hopper 
and  stones  under  cover,  as  in  the  comer  of  a  bam,  and  the  tiu^e  gin  outside, 
by  which  means  ■  large  horse-track  might  be  formed,  and  the  mill  might  like- 
wise be  driven  in  wet  weather.  In  the  mill  previously  noticed  at  Dr.  Allen's, 
the  usual  necessity  of  a  hone-wheel  is  entirely  obviated. 

The  largest  description  of  com-miUs  in  the  present  day  are  driven  either  by 
water,  wind,  or  steam.  Walecmills  were  in  use  amongst  the  Romans,  who 
established  several  of  them  in  this  ialand  ;  the  mill-course  of  one  of  these  wu 
discovered  some  years  back  near  Manchester.  Windmfils,  we  believe,  w«r« 
likewiie  known  to  them ;  but  [he  application  of  steam  to  this  purpose  is  of  very 
recent  date,  the  fIrA  steem-minB  established  in  this  or  an^  other  country  being 
those  erected  by  Bolton  and  Walt,  near  Blackfriars'  Bridge,  and  named  the 
Albion  MWt.  Whatever  be  the  nature  of  the  driving  power,  the  grinding 
ajniaratuB  U  nearly  alike  in  all  their  mills ;  and  as  both  windmills  ana  water- 
mill*  are  emplovea  for  various  purpoica  besides  that  of  grinding  com,  we  propo*^ 
under  the  head  Witemiill  and  Winphii.1.,  to  notice  the  methods  of  allying 
the  power  derived  &om  these  sources,  and  shall,  in  this  place,  give  n  deacriptiaa 
of  a  mill  of  modem  construction,  as  driven  1^  steam  ;  we  should,  howevCT. 
observe,  that  under  the  head  Baakbk'*  Mill,  Uie  reader  will  lind  a  water  cant- 
mill  of  a  simple  deacription. 

We  shaU  preface  our  descriptitni  of  the  mill  by  a  short  account  of  the  Kwm 
and  the  manner  of  facing  the  millstones.  In  onier  to  cut  or  grind  the  cott^ 
both  the  upper  and  under  millstones  bare  channels  or  furrows  cut  in  them, 
proceeding  obliquely  from  the  centre  to  the  circnmf^nce,  as  shown  in  the 
ligurB  on  p.  15S.  The  furrows  are  cut  perpendicularly  on  one  side,  and  ob- 
liquely oil  the  other,  into  the  stone,  wbieh  gives  to  each  fiirrow  an  inclined 
plane,  up  which  the  corn  is  forced  by  the  revoludon  of  the  upper  stone,  which 
crushes  it  and  bndus  it  so  as  to  make  it  grind  easier  when  it  fall*  upon 
the  (paces  between  the  furrows.  These  are  cut  the  same  way  in  both  atooe^ 
where  they  lie  on  their  backs  (as  above  represented),  which  roakei  them  run 
croseways  to  each  other,  when  the  upper  stone  a  is  inverted,  and  its  furrowed 
side  applied  to  the  furrowed  side  of  h.  When  the  furrows  become  blunt  and 
shallow  by  wearing,  the  running~stone  must  be  token  up,  and  both  stone*  new 
dressed  with  a  chisel ;  and  evi^y  time  that  the  stone  is  taken  up,  ■  small- 
portion  of  tallow  should  be  applied  to  the  bush  of  the  spindle. 


ThB  grinfng  nirlacc  of  the  under  millitoaa  ii  a  little  convex  iiom  the  edge 

to  &e  cmtrs,  u  ezhihilsd  in  the  annexed  leclion 

■I  t,  and  tliat  of  the  upper  itone  s  little  n 

ewe ;   m)  that  tbejr  ue  furtheet  from  one 

ft  the  middle,  and  come  gTaduall;  nearer  towards 

lU  edgea.     By  diii  means,  the  corn  al  ita  fint 

OtTNioe  between  the  itonei  ie  onlj  bnii*ed ;   but 

>  it  goes  further  on  towarda  the  circumference,  or  edge,  it  ia  cut  smaller  and 

naUer,  but  at  last  finely  ground  iuit  before  it  comes  out  from  between  thetn. 
But  although,  in  the  diagram  above  given,  the  concavity  in  the  upper  atone 

Mirea^aoda  wiUi  that  described  by  several  autbora,  we  believe  that  the  upper 

Mono  It  not  uiually  cut  away  to  a  greater  extent  beyond  the  mill-eye  than  that 

Aownm  the  figure  in  thematg^  p.  191,  where  the  grain  ii>howaeiiteriDg  the 

oiD-eye,  and  painng  through  the  ^wrtures  of  the  rind  c,  it  enters  the  cavity 

ndenieath  ;    twre  it  gradually  gets  broken,  bruised  or  coarsely  ground,  and 

(riMD  thence  the  finest  portion  enters  between  Iheparalltl  surface  of  the  mill- 

*aam,   and  by  degreei  passes  ffom  between  them  at  their  peripheriei,  beinr 

cKutantly  urged  outwards  by  the  preiture  of  the  grain  in  the  middle,  as  weU 

m  bf  the  centrifugal  force.    The  rind  c  is  an  iron  croH  let  into  the  upper 

^It^tone,  and  is  fixed  to  the  spindle  # ;  and 

flw  eavitjr  /  i*  filled  completely  by  a  bush 

dnerally  of  wood),    in   which   the    spindle 

Rrolrei.     The  trundle  g,  (driven  by  a  cog- 

•hed,  vhich  is  actuated  by  the  first  mover,) 

(hi«B  motion  to  the  spindle  and  the  upper 

>oaw.      The   aurfece   of  the  upper   stone   is 

koogfat  to  a  perfeetlr  parallel  position  with 

iMpect  ta  the  other,  by  means  of  four  equl- 

£ltant  TBgulating  screws,  acting  upon  a  brasa 

kv  A,  in  which  the  lower  extremity  of  the 

^indla  workj ;  ao  that  the  slightest  movement 

<(  the  box,  efieded  by  the  screws,  mokes  a  cor- 

Mpoodent  alteration  in  the  position  of  the 

^perrtone,  enabling  it  to  be  adjusted  to  the 

met  one  with  the  nicest  precision  and  the 

raalNt  GKilitj'. 

We  dioll    now   proceed  to   describe  tha 
■gnring  on  p.  156,  which  represents  a  vary 

MHpaet  arrancement  of  a  null,  having  four  pair  of  stonei  driven  by  a 
*uait^tujuie.  The  atouM  are  placed  at  equal  distances  from  the  centre  of  .t 
*pm  ^tfbrm,  vesting  upon  cast-iron  columns,  and  die  driving  is  arranged 
Mtath  the  ptatfbnn,  and  supported  by  a  fhunbg  of  Iron  fixed  to  the  columns. 
*h  the  boriiontal  shaft  driven  by  the  steam-engine,  on  wliich  is  fixed  thehevil- 
*W^  workiQg  into  another  bevil-wheel  e,  of  equal  diameter,  fixed  upon  the 
^verliealibaft  which  carries  the  large  spur-wheel  d;  this  spur-wheel  works 
Bio  fau  ^uiofia  e  e,  fixed  upon  the  spindles  //  of  the  upper  millstones,  only 
'■0  ((  vhich  can  be  seen ;  ;  ^  ate  indented  pinioni,  for  the  purpose  of  agitating 


ths  lievMrpUcei)  OTPrtlie  hoppen,  forpreventtn);  itonei  nndother  extm 
(tancM entering tlieho(ro«r;  liare theuppermilistoues;  kAthehvietti 
tl  the  hoppem,  from  which  the  com  descends  into  a  twinging  kind  t 
called  the  shoe,  which  is  continually  shaken  by  a  ihort  bar  of  Iron  tcr 
the  upper  end  of  ihe  sfiindle,  and  having  Tniir  prongi,  which,  Btrikinj 
from  side  to  tide,  dislrilnitcs  the  corn  equally  orei'  Uie  tye  of  lbs  p 


The  ipindlra  of  the  oifU-«ton«  are  supported  on  the  Irui  leven  m  ■ 
can  ba  raisad  or  laweisd  to  adjust  the  stones,  bv  means  of  Tagnlalinf 
at  n  r;  so  an  tcrews  to  nlse  the  ptn Ions  «#,  and  cast  them  oiit  of  gM 
under,  or  bed  atones,  are  partlr  sunk  into  circulu  holes  in  the  ptatfli 
firmly  wedged  therein,  and  a  circular  case  mctosei  each  pair  of  ItunM, 
a«pace  of  about  two  inches  all  round  them;  and  the  com,  reduead 


IS  into  the  ease,  from  whence  it  is  conveyed  to  the  bolting  macbuia, 

ren  by  a  band  fVom  the  drum-wheel  (.    'rhe  bol^g  machine  (■  not  »i 

the  reader  wiS  find  a  description  of  an  improved  one  under  the  wmd  B 


In  erinding  wheal,  it  is  usually  the  endeavour  of  millers  to  aepatafa 
flour  from  the  husk  without  pressing  it  flo  hard  as  to  till  it,  and  withi 
riorating  iti  colour  by  making  minute  greyi.  Tliia  they  have  not  beea 
to  effect  in  a  desirable  manner  with  the  mills  constructed  on  the  uaual  | 
tiT  any  form  of  construction  that  has  hitherto  appeared.  He  n 
obvious ; — if  the  itonea  be  brought  so  close  tiwetber  as  is  neceasarj  to 
the  Itmily  adhering  porttont  of  the  flour  from  the  husk,  the  whole  of  it 
m  a  great  degree,  k^d  and  discoloured  by  the  violent  rubbing  nwa 
clean  the  bran ;  on  the  other  hand,  if  the  stones  ore  kept  further  aparL 
fr'md  high,  mnch  of  the  floiir  will  be  left  in  the  ofiala  and  bran. 


MILLS. 


Ml 


With  a  view  ct  mealing  tline  diffieultiei,  lOTnB  millcra  Imve  grouud  their 
*ll«*t  at  tvo  diitinct  OHrationi ;  ihe;  have,  in  the  fint  place,  Kt  their  itone* 
wider  apart,  at  grind  Ugh ;  and  Ihen,  after  eoUecCing  the  meal,  and  separating 
the  fine  flour  from  it.  have  pasaed  the  remainder  B  lecond  time  through  the 
..!__  .1 —   .i___j,  jjj^^  beft~"     "~    -■--"--   '—      ■>^--   •   -      -• 


■  yrmdmg  km.     TTin*   have   they 


leiDDved  tlie  whole  of  the  flour  fhim  the  huik,  and  preserred  the  good  quality 
oT  a  part  of  it ;  but  the  waite,  and  loi*  of  time  and  power  in  conveying  tha 
nnJ  from  one  place  to  another,  occasioned  by  theie  Mveral  operadoni,  together 
with  the  dilBculty  of  lepanting  the  flour  ftom  it  in  the  unfiniihed  Mate  By  the 
OTdinary  drening  machme,  have  been  fbnnd  to  neutralize  tlie  advantagea  other- 
■toK  reaulling  from  thii  mode  of  proeeeding. 

In  coniequenca  of  the  great  *iie  and  Veight  of  the  ilonei  uiuallj  employed, 
the  erections  and  fitting!  up  of  the  ordinary  mill  are  neceuarily  vecy  heavy  and 
np«ui*e;  and,  owing  to  the  aererBl  proeea«ce  of  giinding,  coaling,  dreutng, 
"""""  ""  *  inducted  in  dWationi  remote  from  each 
TJtit  much  nnnecenor, 
liboor,  and  waste  of  mechanical  power,  are  incurred.  These  disadvantages, 
(tiidi  arc   inwparable  fWim  the  old  system,  are  completely  obviated  by  the 

Kat  progressive  eom-raill,  manufactured  by  Messrs.  CotCerill  and  Hill,  of 
sal,  in  tjlaftbrdshire,  from  tlie  following  causes  :— Instead  of  employing  only 


*""eU  pair  of  atonet  of  great  weight  and  diameter  (by  whicli  a  largo  porhi 
rf  Uh!  Bour  thM  b  formed  near  the  eye  of  the  stone  has  to  pau,  with  the  bM 


158  MINE. 

over  a  greater  extent  of  surface  tlian  is  necessary,  tbus  injuring  it  by  super- 
fluous rubbing,  besides  misemploying  tbe  motive  power  for  the  purpose),  the 
progressive  mUI  is  provided  with  two  pair  of  stones,  of  smaller  diameter ;  and 
underneath  the  first  pair  (shown  in  the  figure,  as  in  the  case  at  a)  ia  suspended 
and  agitated  a  circular  sieve  (,  which  receives  the  product  as  it  fedls  freely  from 
the  stones,  and  separating  that  portion  of  the  flour  which  is  sufficiently  reduced, 
or  softened,  it  delivers  the  unfinished  portion  into  the  eye  of  the  second  pair  of 
stones  underneath,  shown  at  c  c,  with  their  case  removed,  as  well  as  one  of  the 
external  shutters,  which  inclose  the  whole  machine  when  at  work.  This  second 
pair  art  set  closer  together  than  the  first,  to  complete  the  softening  of  the 
remainder  of  the  meiu,  which,  in  consequence  of  the  bulk  of  the  flour  being 
separated  from  it,  will  be  much  more  easily  operated  upon,  and,  at  the  same 
time,  effect  a  saving  of  power.  Underneath  this  pair  of  stones  is  placed  at  d, 
inclosed  in  its  case,  a  dressing-machine,  with  brusnes,  which  receives  tho  metl 
from  Uie  stones  as  it  is  erouna,  and  separates  Uie  remaining  flour,  as  well  as  tiie 
different  qualities  of  offau.  When  several  progressive  mUls  are  employed,  the  meal 
resulting  from  the  second  pair  of  stones  in  each  mill  may  be  advantageously 
conducted  into  one  dressing-machine,  common;to  them  all.  In  consequence  oif 
this  division  of  the  grinding  operation  into  two  stages,  and  the  small  size  of  the 
stones  employed,  the  meal  is  not  heated.  This,  together  with  the  important 
circumstances  of  the  bulk  <of  the  flour  being  separated  from  it,  in  the  first 
instance,  without  brushing,  renders  the  remainder  nt  for  dressing  up  as  &st  as  it 
is  ground.  By  this  arrangement,  therefore,  it  will  be  readily  perceived,  that 
the  original  colour  and  strength  of  the  flour  is  preserved ;  that  all  the  flour  is 
separated  from  the  bran  without  any  injury  to  the  bulk  of  it ;  and  that  the 
whole  process  of  grinding,  dressing,  and  dearing  up  the  offals,  is  one  con- 
tinuous operation,  performed  in  one  compact  machme,  without  waste,  and  with 
little  manual  labour. 

The  progressive  mill  b  made  principally  of  iron,  and  so  arranged  and  put 
together,  that,  while  the  nicest  accuracy  in  its  adjustments,  and  certainty  in  its 
operations,  are  insured,  the  stones  may  be  taken  up  to  be  dressed,  and  put  down 
again  with  the  utmost  facUity  and  ease.  Its  parts  are  readily  taken  to  piooe% 
so  as  to  make  it  easy  of  conveyance ;  and  in  consequence  of  aU  of  them  coming 
together  with  metallic  faces,  it  can  be  properly  re-connected  by  the  commonest 
workman ;  and  firom  its  compactness  and  portability,  it  is  peculiarly  adapted 
for  exportation,  as  the  entire  mill  can  be  packed  in  a  strong  case,  and  the  total 
weight  of  it  is  very  little  more  than  the  stones  alone  of  a  common  mill  doing 
the  same  work. 

MINE  AND  MINING.  Mine  is  a  term  applied  to  works  carried  on  under- 
ground, for  obtaining  minerals  generally,  but  chiefly  for  metallic  ores.  The 
mternfd  parts  of  the  earth,  as  far  as  tney  have  been  investigated,  consist  of 
yarious  strata  or  beds  of  substances,  extremely  different  in  their  appearances, 
specific  gravities,  and  chemical  qualities,  from  one  another.  Neither  are  these 
strata  similar  to  one  another  in  different  countries ;  and  in  one  district,  the  strata 
varies  considerably  in  its  nature,  at  very  short  distances  apart  Rocks  of  most 
kinds  are  traversed  in  every  direction  by  cracks  or  fissures,  having,  in  many 
instances,  the  appearance  of  those  formed  in  clay  and  mud  white  gradually 
becoming  dry  in  hot  weather.  These  fissures  are  in  general  filled  with  sob* 
stances  rormed  of  materials  differing  from  the  rocks  in  which  they  are  situated. 
When  they  contain  minerals  partly  composed  of  any  kind  of  metal,  they  are 
called  metallic  veuu,  lodes,  or  courses.  Metallic  veins  are  only  found  in  what 
are  called  the  primitive  rocks,  as  granite  and  slate;  and,  in  general,  their 
course  is  from  east  to  west  A  yem  rarely  consists  of  metal  in  a  pure  and 
malleable  state,  but  is  almost  always  found  in  chemical  combination  with  other 
substances ;  in  this  state  it  is  called  an  ore,  the  metal  of  which  is  separated  by 
the  process  called  stneltmg,  which  is,  in  fact,  a  meltingH>ut  of  the  metal  from  its 
combinations,  usually  effected  by  the  addition  of  such  foreign  substances  as 
wUl,  by  their  chemical  affinities,  assist  in  the  separation  of  the  metal.  The 
thickness,  extent,  and  direction  of  a  vein  of  metal,  depends  on  many  drcum- 
stances ;  in  generali  its  course  downwards  is  in  a  slanting  direction,  more  or 


MINING.  Ifi^ 

hn  inclined  f  if  it  continues  in  a  straight  line,  and  of  a  unlfbrm  thickness,  It 
is  called  a  txike  ;  if  it  occasionally  swells  out  in  places,  and  acain  contracts,  it 
ii  termed  a  mpe-yem^  and  the  wider  parts  of  the  vein  are  called  floors ;  some- 
times the  yem  divides  itself  into  branches,  and  then  it  is  said  to  take  horn  ;  in 
otfier  cases  a  cross  grain  will  interfere  with  it,  and  heave  or  lift  it,  as  it  were, 
from  10  to  20  feet  out  of  its  course.  At  times  it  will  be  reduced  to  a  mere 
diready  and  at  last  become  completely  obliterated,  appearing  again  at  a  dis- 
tance. In  many  of  these  cases  tne  difficulty  of  tracing  these  precious  deposits 
flirongfa  their  rocky  labyrinths  must  be  evident  In  ful  probability,  however, 
the  metals  were  at  first  procured  from  detached  fragments  of  the  ores,  such  as 
bad  been  separated  from  the  upper  parts  of  the  veins  in  which  they  were  origi<^ 
BsDy  deposited ;  and  in  this  manner  is  gold  yet  procured,  by  washing  the  sands 
of  certam  rivers.  The  pursuit  of  these  scattered  pieces  of  ore  would  naturally 
eondoct  the  persons  thus  employed  to  the  beds  from  which  they  had  been 
dftidiedy  and  in  turning  over  the  soil  to  procure  the  loose  fragments,  the  backs 
of  the  veins  would  be  laid  open  and  discovered. 

The  tin  of  Cornwall  was  the  first  metal  sought  after  in  Britain  of  which  we 
bsTe  an  historical  account ;  but  the  traces  of  the  most  ancient  tin-works  exhibit 
BO  symptoms  of  their  having  been  pursued  but  in  situations  where  the  soil  with 
wlddi  it  was  mixed  could  oe  easily  removed,  or  where  the  ore  could  be  laid 
but  by  conducting  over  it  streams  of  water  to  carry  off  the  lighter  parts  of  the 
mQ.  Lead  is  oflen  found  near  the  surface  of  the  earth,  and  as  the  ores  gene- 
nOy  exhibit  a  metallic  appearance,  that  metal  was  probably  an  early  object  of 
panait ;  bat  it  was  not  until  machines  were  invented  to  pump  away  the  waters, 
and  ontil  gunpowder  had  furnished  the  means  of  splitting  the  hardest  rocks, 
fliat  man  was  enabled  to  penetrate  strata  of  every  description  that  opposed  his 
pn^gresa.  These  inventions,  therefore,  form  most  important  epochs  in  the  his- 
toiy  of  mining.  The  hammer  and  wedges  were  probably  the  first  instruments 
oaployed  for  splitting  rocks,  and  the  pick  followed,  which  is  used  both  as  a 
bammer  and  a  wedge.  Previously  to  the  use  of  iron,  wedges  of  dry  wood  were 
made  use  of  by  driving  them  into  clefts  of  the  rock,  and  tnen  wetting  them,  so 
ai  to  cause  them  to  swell  and  force  the  parts  asunder.  The  means  employed 
for  raising  up  the  minerals  to  the  surface  were  at  first  extremely  rude.  The 
windlass  and  bucket  may  be  reckoned  an  improvement  which  took  place  in  a 
kler  stage  of  mining.  This  simple  mechanism  had  its  origin  in  Germany ; 
and  before  it  was  introduced  into  this  country,  the  mode  adopted  here  was  by 
nakiog  successive  stages,  upon  each  of  which  men  were  placed,  who  raised  the 
exeav^ed  matter  from  one  to  the  other  until  it  reached  the  top,  in  [the  same 
OMoner  as  is  now  conunonly  practised  in  digging  out  the  foundations  for  houses, 
or  for  making  deep  drains.  In  South  America  the  ores  are  for  the  most  part 
eanried  up  by  the  Indians ;  and  where  the  situation  admits  of  sloping  roads,  on 
the  backs  of  mules.  To  Germany  may  also  be  traced  the  introduction  of 
ivdraulic  machines  for  raising  the  water  constantly  collecting  in  the  mines. 
nuDps  were  adapted  to  the  shafts,  and  their  constant  action  secured  by  giving 
notion  to  their  pistons  by  wheels  turned  by  descending  streams  of  water.  To 
Endand,  however,  belongs  the  merit  of  naving  greatly  improved  the  pump* 
™l  and  the  water-engines  to  their  present  effective  condition ;  and  by  the 
mbiequent  application  of  the  steam  engine  to  this  purpose,  the  mining  processes 
€f  oar  countrymen  have  so  far  surpassed  those  of  other  countries,  as  to  render 
tbeir  adoption  indispensable  in  most  situations. 

Althoueh  copper  is  now  the  greatest  metallic  product  of  the  county  of  Corn- 
wall, it  IS  comparatively,  to  the  other  metals,  of  modern  discover)',  not 
Ittvmg  been  woraed  longer  than  a  century.  The  reason  assigned  for  its  having 
10  long  remained  concealed,  b  the  assumed  fact,  that  copper  generally  occurs  at 
t  noch  greater  depth  than  tin  ;  and  that,  consequently,  the  ancients,  for  want 
^  proper  machinery  to  drain  off  the  water,  were  compelled  to  relinquish  the 
"Mtolhc  vein  before  tKey  reached  the  copper.  It  is  stated  by  Pryce  in  his 
^^»eralogia  ConadneruiSf  as  a  general  rule,  that  tin  seldom  continued  rich  and 
woitk  working  lower  than  50  fathoms ;  but  of  late  years  the  richest  tin  mines 
^  Cornwall  liave  been  much  deeper.     Trevenen  mine  was  150  •,   Hevra« 
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Downi,  140 1  Poldlco,  120 ;  aiid  Herel  Vor  la  now  upwards  of  130  fathomi  in 
depth.  Upon  the  first  discovery  of  copper  ore,  the  miner,  to  whom  its  nature 
was  entirely  unknown,  gave  it  the  name  ofpoder;  and  it  wUl  be  hardly  creditecl 
in  these  times,  when  it  is  stated  that  he  regarded  it  not  only  as  useless,  iiut  upon 
its  appearance  was  actually  induced  to  abandon  the  mine :  the  common  expretsioo 
upon  such  an  occasion  was, "  that  the  ore  came  in  and  spoilt  the  tin."  -  About  the 
year  1735,  Mr.  Coster,  a  mineralogist  of  Bristol,  observed  this  said  poder  amoDS 
the  heaps  of  rubbish ;  and  seeing  that  the  miners  were  wholly  unacquainted 
with  its  value,  he  formed  the  design  of  converting  it  to  his  own  advantage,  and 
accordingly  entered  into  a  contract  to  purchase  as  much  of  it  as  could  be  sup- 
plied. The  scheme  succeeded,  and  Coster  long  continued  to  profit  by  Ccmiui 
Ignorance.  Besides  tin  and  copper,  some  of  the  Cornish  mines  yield  cobalt, 
lead,  and  silver.  The*  ores  are  in  veins  or  lodes,  the  most  important  of  which 
run  in  an  east  and  west  direction  :  during  their  course  they  vary  considerable 
in  width  from  that  of  a  barley-corn  to  thirty-six  feet ;  but  the  average  may  be 
stated  at  firom  one  to  four  feet.  Tlie  number  of  mines  usually  at  won  in 
Cornwall,  is  estimated  at  about  130. 

The  mines  of  Cornwall  and  Devon  are  generally  worked  by  a  company  oi 
proprietors,  called  adventurers,  who  agree  with  the  owner  of  the  land,  or* the 
lord  of  the  soil,  as  he  is  usually  denominated,  to  work  the  mine  for  a  certain 
number  of  years,  paying  him,  by  way  of  rent,  a  proportion  of  the  ores  raised, 
or  an  equivalent  in  money.  The  grant  thus  made  to  the  adventurers  is  called 
a  get,  and  the  lord's  rent,  if  paid  in  ore,  is  said  to  be  the  lord's  dish  ;  if  paid  in 
money,  his  dues.  The  adventurers  divide  their  undertaking  into  shares  of  dif- 
ferent magnitude,  the  smallest  usually  held  being  one  sixty-fourth  part  Any 
part  of  the  concern  held  by  one  person  is  called  a  do/i?,  and  its  value  is  known 
by  its  being  denominated  an  eighth-dole,  a  sixteenth-dole,  &c.  The  bounds  or 
limits  of  a  mine  are  marked  on  the  surface  by  masses  of  stone  pitched  at  equal 
distances ;  but  the  property  of  the  soil  above  is  entirely  distinct  firom  that  part 
of  the  mine  beneath  it;  the  miner,  however,  has  the  privilege  of  making  open* 
ings  or  shaAs  at  stated  intervals,  for  the  purpose  of  raising  the  ore,  and  admitting 
air  to  the  works.  In  opening  a  new  mine,  considerable  knowledge  <^  die 
country,  and  of  the  most  likely  situation  of  the  metallic  veins,  ia  of  coiuit 
necessary  to  avoid  the  chance  of  useless  labour.  The  spot  for  commencing 
operations  having  been  selected,  a  perpendicular  pit  or  shc^  is  sunk,  and  at  the 
depth  of  about  sixty  feet  a  horizontal  gallery  or  level  is  cut  in  the  lode  by  two  seti 
of  miners,  working  in  opposite  directions,  the  ore  and  materials  being  raised  in  the 
first  instance  by  a  common  windlass.  As  soon  as  the  two  sets  of  miners  have 
cut  or  drhen  the  level  about  100  yards,  they  find  it  impossible  to  proceed  £or 
want  of  air ;  this  being  anticipated,  two  other  sets  of  men  have  been  sinking 
from  the  surface  two  other  perpendicular  shafts  to  meet  them ;  firom  these  the 
ores  and  materials  may  also  be  raised.  By  thus  sinking  perpendicular  ahaft^  a 
hundred  yards /rom  each  other,  the  first  level  or  gallery  may  be  carried  to  any 
extent.  VlThile  this  horizontal  work  is  going  on,  the  onsinal,  or  as  it  b 
termed,  the  engine  shaft,  is  sunk  deeper ;  and  at  a  second  depth  of  60  feet,  a 
second  horizontal  gallery  or  level  is  driven  in  the  same  direction  as  the  fint, 
and  the  perpendicular  shafts  are  all  successively  sunk  down  to  meet  it ;  in  this 
manner  galleries  continue  to  be  formed  at  difierent  depths,  as  long  as  the  state 
of  the  lode  renders  the  labour  profitable.  The  engine  shaft  in  the  mean  time 
is  always  continued  to  a  greater  depth  than  the  lowest  level,' for  the  purpose  of 
keeping  the  working  shafts  free  from  water.  The  object  of  these  perpendicular 
shafts  is  not  so  much  to  get  at  the  ores,  which  are  directly  procured  firom  thenv 
as  to  put  the  lode  into  a  state  capable  of  being  worked  by  a  number  of  men ;  in 
short,  to  make  what  is  termed  a  mine.  It  is  evident  that  the  shafts  and  gaSleiies 
divide  the  rock  into  solid  right-angled  masses,  each  300  feet  in  length,  and  60 
in  depth,  lliese  masses  are  again  subdivided  by  small  perpendicular  shafts 
into  three  parts;  and  by  this  arrangement  the  rock  is  finally  divided  into 
masses  caWcd  pitches,  each  60  feet  in  height,  and  about  100  fbct  in  length. 

In  the  Cornish  mines,  the  sinking  the  shafts,  and  driving  the  levels,  is  psid 
for  by  what  is  termed  tut-work,  or  task* work,  that  is,  so  nmch  per  fathom;  io 
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addition  to  this  the  miners  receive  a  small  per  centage  on  the  ores,  in  order  to 
induce  them  to  keep  the  valuaUe  portions  as  separate  as  possible  from  the  deads, 
or  rocky  parts  of  the  mass. 

In  addition  to  these  horizontal  and  perpendicular  shafts,  another  description 
of  gallery  is  formed,  caUed  an  a€lit ;  the  use  of  this  shaft  is  to  drain  the  water 
from  the  lower  parts  of  the  mine.  Where  the  mine  is  formed  in  an  exposed 
rock,  as  in  the  BotaUick  mine,  in  Cornwall,  the  adit  can  carry  off  the  water 
without  the  aid  of  machinery,  as  long  as  the  lowest  shaft  is  above  the  level  of 
the  sea ;  but  when  the  shafts  are  sunk  below  that  level,  or  that  of  the  adit  itself, 
recourse  must  be  had  to  the  assistance  of  steam-engines  to  pump  up  the  drainage 
to  a  sufficient  height  The  great  Cornish  adit,  which  commences  in  a  valley  near 
Camon,  receives  branches  from  fifty  different  mines  in  the  parish  of  Guennap, 
forming  altogether  an  excavation  nearly  thirty  miles  in  length.  The  longest 
continued  brtoch,  is  &om  Cardrew  mine,  five  and  a  half  miles  in  length  ;  this 
itopendoua  mine  empties  itself  into  Falmouth  harbour. 

The  lode,  when  divided  as  above  described,  is  open  to  the  inspection  of  all  the 
neighbouring  miners  in  the  country,  and  each  mass  or  compartment  is  let  by 
public  competition  for  two  months,  to  two  or  four  miners,  who  may  work  it  as 
they  choose.  These  men  undertake  to  break  the  ores,  and  raise  them  to  the 
su&ce,  or  as  it 'Is  termed  to  graat^  and  pay  for  the  wliole  process  of  dressing 
the  ores,  that  is,  preparing  them  for  market.  The  men  by  whom  the  mines 
are  worked  in  this  manner  are  called  tributerst  and  their  share  of  the  value  of 
die  ore,  which  varies  according  to  its  richness  in  metal,  is  named  tribute.  This 
tiibnte  is  jiaid  over  to  them  every  week,  the  mineral  being  disposed  of  at  a 
hketing^  or  weekly  sale.  In  addition  to  the  working  miners,  a  set  of  men, 
whose  experience  entitle  them  to  the  office,  are  engaged  at  a  stated  salary,  to 
act  as  overlookers,  and  direct  the  labours  of  the  rest ;  those  whose  business  lies 
in  the  mines,  are  called  under-ground  captams,  and  those  employed  above  ground 
groB  eaptamg.  The  weekly  produce  of  the  mine  being  made  up  by  the 
tnbuters  into  heaps  of  about  one  hundred  tons  each,  samples,  or  little  bags  from 
each  heap^  are  sent  to  the  agents  for  the  different  copper  companies.  The  agents 
take  these  to  the  Cornish  assayers,  a  set  of  men,  who  (strange  to  relate,)  are 
destitute  of  the  most  distant  notion  of  the  theories  of  chemistry  or  metallurgy, 
hot  who  nevertheless  can  practically  determine,  with  great  accuracy,  the  value 
of  each  sample  of  ore.  As  soon  as  the  agents  have  been  informed  of  the  assay, 
they  detemune  how  much  a  ton  they  will  offer  for  each  heap  of  ore  at  the 
weekly  ticketing.  At  this  meeting,  aU  the  mine-agents,  as  welt  as  the  agents 
ibr  the  several  copper  companies,  attend,  and  it  is  singular  to  see  the  whole  of 
the  ores,  amounting  to  several  thousand  tons,  sold  without  the  utterance  of  a 
logie  word.  The  agents  for  the  copper  companies,  seated  at  a  long  table,  hand 
np  individually  to  the  chairman,  a  ticket  or  tender,  stating  what  sum  per  ton 
they  ofier  lor  each  heap.  As  soon  as  every  man  has  delivered  his  ticket,  they 
are  ail  ordered  to  be  printed  together,  in  a  tabular  form.  The  largest  sum 
oi^red  for  each  he^,  is  distinguished  by  a  line  drawn  under  it  in  the  table,  and 
the  i^Dt  who  has  made  this  oner  is  the  purchaser. 

In  order  to  prepare  copper  ores  for  market,  the  first  process  is  to  throw  aside 
the  rubbish,  with  which  they  are  unavoidably  mixed ;  this  task  is  performed  by 
^ildrcn.  The  largest  fragments  of  ore  are  then  cobbed,  or  broken  into  small  pieces, 
kf  women,  and  after  being  again  picked,  they  are  given  to  what  the  Cornish 
niaers  term  maidemf  that  is,  young  girls.     These  maidens  buck  the  ores,  that 
'%  with  a  bucking- iron,  or  flat  hammer,  they  break  them  into  pieces  not  exceed- 
ing half  an  inch  m  size.    The  richer  parts  of  the  ore,  which  are  more  easily 
Mien,  are  now  crushed  smaller  in  a  kind  of  mill,  the  principle  of  the  construe- 
te  of  which  is  showm  in  the  diagram  on  p.  162 ;  where  a  represents  a  weighted 
lever,  by  the  depression  of  which  the  ore  between  it  and  the  roller  b  becomes 
Q!i>ihed ;  and  tm  the  raising  of  the  lever,  the  crushed  ore  falls  away,  and  a 
fiE'tiH portion  of  ore  is  thrown  into  aposition  to  receive  the  pressure  upon  the 
*^^ceediog  depression  of  the  lever.    The  coarser  portions,  which  are  the  hardest, 
«^  braised  in  a  stamping  mUl,  in  which  heavy  weights   or   hammers   are 
"^  hy  cams  on  a  revolving  shaft,  and  allowed  to  fall  upon  the  ore,  a  stream 
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of  water  constantly  passing  through  the  mass,  and  washing  away  the  portion 
which  is  sufficiently  reduced  to  pass  through  the  holes  made  in  an  iron  plate, 
which  forms  one  side  of  the  box  in  which  the  stampers  work. 


The  next  operation  is  that  oi  jigging;  this  used  to  be  perfojgpied  entirely  br 
boys,  and  consists  in  shaking  a  quantity  of  bruised  ore  in  a  kind  of  sieve,  with 
an  iron  bottom  to  it,  while  under  water.  This  occasions  the  heavier  parts,  which 
consist  almost  entirely  of  metal,  to  sink  to  the  bottom  ;  while  the  earthy  matter 
is  washed  away,  and  the  small  fragments  of  stone,  being  lighter  than  the  metal, 
and  containing  little  or  no  ore,  are  left  on  the  surface  in  the  sieve ;  these  are 
carefully  skimmed  off  with  the  hand,  and  the  remainder  is  piled  up  in  heaps 
for  sale.  This  process  has  been  recently  considerably  improved  by  Mr.  Thomas 
Petherick,  a  mme-agent,  of  Penpellick,  who  took  out  a  patent  in  1830,  "for 
machinery  for  separating  copper,  lead,  and  other  ores  from  earths  and  other  sub- 
stances with  which  they  are  and  may  be  mixed,  and  is  more  particiilarly 
intended  to  supersede  the  operation  now  practised  for  that  purpose,  commonly 
called  jigging.  This  machinery  is  thus  composed ;  namely,  a  laree  vat  or  tub^ 
with  a  nxed  cover,  in  which  cover  are  apertures  and  receptacles  adapted  to  the 
form  and  size  of  a  number  of  sieves,  such  as  are  used  in  the  operation  of  sepa- 
rating copper,  lead,  and  other  ores,  from  the  substances  with  which  they  are 
usuaUy  mixed.  The  vat  is  filled  with  water,  and  the  sieves  with  the  minerals 
in  them  are  placed  in  their  receptacles,  so  as  to  be  immersed  in  the  water  con- 
tained in  the  vat ;  the  interior  capacity  of  which  communicates  with  the  interior 
capacity  of  a  hollow  cylinder ;  into  this  a  plunger  or  piston  is  fitted,  which  is 
moved  alternately  up  and  down  within  it,  so  as  alternately  to  displace  water 
therefirom,  and  force  the  same  into  the  vat,  and  then  withdraw  water  from  the 
vat  into  the  hollow  cylinder ;  thus  causing  a  sudden  flux  and  reflux  of  the  water 
through  the  sieves,  which  is  continued  until  the  required  degree  of  separatioD 
of  the  earths  from  the  ores  is  effected. 

In  the  specification  of  a  second  patent,  granted  in  1832,  to  Mr.  Petherick,  in 
conjunction  with  Mr.  Kingston,  of  Islington,  in  Devonshire,  for  improvements 
in  the  patent  machinery  just  described,  it  is  directed  that  the  aforesaid  cylinder 
is  to  be  provided  with  a  bottom  plate  and  foot  valves,  opening  outwards  to  allow 
the  escape  of  the  water  into  the  vat,  but  not  to  permit  its  return ;  and  the  pis- 
ton is  furnished  with  valves  opening  downwards  to  allow  the  water  to  pass 
through  it  in  that  direction,  so  that  the  motion  of  the  piston  shall  canae  the 
water  to  pass  through  the  cylinder  the  same  as  in  a  common  lifting  water- 

Sump.  By  this  improvement,  the  water  instead  of  being  made  to  past  up  and 
own  through  the  sieves,  containing  the  minerals,  as  in  the  previous  plan,  is 
forced  through  the  sieves  by  a  series  of  impulses  varying  in  extent  and  intensity 
with  the  proportion  of  the  area  of  the  piston  to  the  areas  of  the  sieTes,  and 
the  extent  and  rapidity  of  the  motion  communicated  to  the  piston.  The  first 
mover  of  this  machinery  may  be  steam,  or  water,  or  horse,  or  man  power,  as 
circumstances  may  demand.  It  is  proposed  by  the  patentees  as  one  modifica- 
tion of  their  plans,  to  carry  a  shaft  from  a  first  mover  over  a  series  of  separating 
vats  placed  in  a  row,  and  made  to  actuate  each  piston,  by  means  of  a  piston 


rod  add  cruik  connecled  with  the  maJn  ihaft.  It  is  also  propoaed  by  the 
palentccE  in  the  specification  of  this  second  invention,  to  admit  the  water  from 
u  elevated  reurvoir  into  the  aieve  vat,  instead  of  forcing  it  in  bj  a  pump,  oi 
in  the  fint  park  If  there  be  a  lufficient  supply  of  running  water,  the  elevated 
reservoir  is  to  be  kept  constantly  filled  therefroni,  and  it  is  to  be  admitted  into 
the  vat  and  forced  through  the  lieves,  hy  means  of  a  stop-cock  or  valve,  in  a 
•cries  of  impubei,  actuated  by  an  hydraulic  pressure  proportionate  to  the  alti- 
tude of  the  reservoir.  Where  there  is  not  a  running  stream  for  the  supply  of 
tiie  elevated  reiervoir,  the  water  is  to  be  pumped  up  again  for  that  purpose, 
after  it  has  passed  through  the  sieves.  The  ttop-coclu  or  valves  for  the  admis- 
Bto  of  the  water  thim  ^e  reservoir  to  the  vat,  are  to  be  opened  and  closed  to 
prcdace  the  impulses,  either  by  a  boy  operating  with  a  lever,  or  by  being  con- 
DKted  with  one  of  the  pumps  or  water  wheelB,  when  such  are  used.  The 
pUcnted  machinery  of  Messrs.  Petherick  and  Kingston,  is,  we  are  informed,  in 
■uceevful  operation  at  the  Lancicot  and  other  Cornish  mines. 

Diamonds,  gems,  and  the  precious  metals  being  scattered  in  minute  quan- 
lilin  over  extensive  surfaces  of  ground,  chiefly  of  alluvial  soil,  the  process  of 
obuining  and  separating  them  from  the  matrices  and  earths  with  which  they 
m  naturally  combined,  u  extremely  tedious  when  conducted  by  Ibe  ordinary 
pncenet  af  washing,  stampbg,  and  picking  ;  any  improvements,  therefore,  in 
tin  apparatus,  by  which  the  labour  can  be  considerably  abridged,  is  of  essential 
impoitance  to  those  who  are  interested  in  such  pursuits.  The  improvements 
tluch  have  been  patented  by  Mr.  Harsleben,  appear  to  us  to  be  deserving  of 
ibil  character ;  ojad  having  been  informed  that  they  have  been  very  successlully 
inlndaetd  in  some  of  the  gold  mining  districts  of  America,  we  shall  here  annex 


a  detailed  deicription  of  his  apparatus,  prefacing  our  account  with  the  obMT- 
vation,  thatitii  application  is  not  confined  to  the  more  precious  melali,  butmajbe 
Bdrantageoaal^  employed  in  the  eeparation  of  other  aolid  substancea  of  diaaimilar 
■peciGc  graviuet.  If  the  metricea  in  which  metali  are  found  are  of  >  bwd  *ai 
atony  nature,  they  must,  in  tlie  lirat  iustance,  be  reduced  by  hammen,  or  bj 
the  operation  of  an  ordinary  a  tamping- mill,  to  powder  or  duat ;  for  the  smallel 
the  particles  are,  the  more  effectually  will  they  be  separated  by  tbe  aufaaequent 
proceaa.  The  materials  ao  prepared  are  put  into  a  deep  conical  or  cjrlinaricil 
tub,  nitli  a  quantity  of  water  auflicient  to  permit  the  whole  of  the  ore,  aoil,  or 
other  powdered  mateiiala,  to  float  about  in  s  perfectly  free  and  liquid  stale 
whenever  the  water  is  stiired  round  by  the  agitators,  which  we  shall  preaently 
describe ;  and  with  a  force  and  velocity  so  aa  to  drive  the  water  up  tbe  aide*  of 
the  tub  in  such  manner,  that  a  hollow  space,  in  the  ahape  of  an  inverted  cuie, 
may  be  formed  in  the  water  within  the  tub.  fig.  I  of  the  previoua  engraving*, 
ia  a  aide  view  of  the  apparatus ;  Fig,  2  a  plan  of  tbe  same ;  and  Hg.  3  a  sec- 
tioii  of  the  tub,  to  show  the  form  of  the  agitator,  and  the  means  u«ed  to  auspend 
and  move  it ;  the  same  tettera  of  reference  are  used  to  denote  the  same  parts  in 
all  the  figures.  A  is  the  tub,  quite  smooth  in  the  inaide,  supported  upon  a 
platform  B,  forming  a  part  of  the  frame  of  the  machine,  and  from  whicn  the 
two  ttandaida,  C  C,  rise  that  ■'■PPOtt  the  horizontal  crosa-fVaine  D  D,  which 
carries  the  agitator  F  G  H  I.  This  agitator  may  be  made  of  wood  or  iroD, 
according  to  the  mag^nitiide  of  the  machine,  and  consists  of  four  double  ami 
P  F  F  F,  which  auppoLi  and  carry  the  stirrers  1 1 1 1,  which  hang  vettictSy- 
These  stirrers  may  be  screwed  or  morticed  into  tbe  double  arms  F  F  F  F,  which 
are  in  like  manner  screwed  or  morticed  into  tbe  strong  central  block  G ;  through 
the  centre  of  this  block  (which  ia  alio  the  centre  of  the  agitator),  the  iron 
spindle  H  posses,  being  fixed  by  a  nut  and  screw  beneath  the  block,  Mid  ter- 
minating at  its  upper  ejid  in  the  handle  k,  which  serves  to  turn  the  agitator 
round ;  on  which  accouTit  the  spitidle  has  two  turned  bearingt,  which  run  in 
brass  boxes  a  a.  As  the  power  and  velocity  of  the  winch  K  would  not  be  suf- 
ficient in  targe  machines,  a  rigger  is  hung  at  L,  upon  the  iron  tpindia  H,  so 
that  the  agilator  may  be  turned  by  a  banil  passing  round  it ;  and  round  a  large 
rigeer  moved  by  B  horse-wheel  (or  any  aufiiclent  power)  as  shown  in  f^t.  1 
and  2,  where  M  is  the  band,  and  N  the  lat^  rigger  fixed  upon  tbe  vertical 
shaft  O,  the  bevel  pinion  of  which  at  P  takes  mto  tbe  teeth  co'  a  large  hone- 
wheel,  not  shown  in  tbe  drawings  because  it  does  not  constitute  *ny  part  of  the 
invention.  By  this  mode  of  working  any  required  number  oTmachinea  caa  be 
placed  round  the  horse-wheel,  and  be  worked  at  tbe  same  time.  Tbe  estenial 
bars  of  tlie  atirrers  1  1  come  very  nearly  in  contact  with  the  sides,  and  their 
extremities  very  near  to  the  flat  bottom  of  the  tub,  so  as   to   insure   the 


ablation  of  the  whole  quautily  of 
material  that  nuj  be  miied  with 
the  wftl«r,  and  prevent,  aa  far  u 
pouibic,  the  depont  of  an;  put  of 
the  aame,  either  on  the  bottoni,  or 
on  the  tide*  of  the  Cub ;  and  for 
tie  due  adjBMnieat  of  the  end*  of 
the  rtiiren  (o  the  bottom  of  the 
tab,  the  borismlal cro«*-'frsine DD 
k  mov^ite  np  and  down  in  long 
■KoticAd  groovei,  made  for  that 
puTpo*e  at  Q  Q,  near  the  top*  of 
the  two  atandards  C  C,  (ai  d\f 
IJnedjr  lecn  in  ffgi.  1,  2,  and  6,) 
nd  H  fixed  at  the  required  height 
br  mcana  of  the  iron  screw-bolti 
It  R,  which  pau  into  any  of  the 
■criei  of  hole*  made  in  the  tide  of 
llie  standard!,  figt.  3  and  3.  A 
temporary  ekvation  of  the  agitator 
nay,  at  timei,  be  necetiar;  in  fint 
Ktting  the  machine  to  work,  if  the 
p«wd««d  ore  or  land  put  into  the 
ntcT  i*  of  *uch  a  denu  or  heavy 
Blture  aa  to  prevent  the  agitator 
bom  moving ;  while,  by  liffeng  it 
in  the  fint  instance,  and  then  set- 
ting it  in  motion,  and  afterwaidi 
loming  it  Mtitly  while  in  motion, 
it  win  graduaUy  lay  hold  of  the 
■Miniate,  and  loon  put  them  into  a 
vbirling  motion.  In  the  underneath 

?.  4,  ■  perapective  figure  ii  given 
the  agitator,  detached  from  the 
other  paita  of  the  machine ;  and 
fcr  the  pttrpoee  of  lo  detaching  it, 
die  erota-frame  D  D,  together  with 
ih  brut  boxea,  are  made  to  take 
tnoder  loneitudinidly,  a*  teen  in 
Hgi.  1  ana  2,  but  are  bolted 
ttgether  whilit  the  machine  it  in 
tne.  S  i*  a  cock,  or  ijugot  and 
&otet  for  drawing  off  the  water 
bom  the  tab  whenever  it  may  be 
Mcenary ;  in  addition  to  thia,  the 
centre  of  the  bottom  of  the  tub  is 
flmitbed  with  a  peculiar  valve, 
llhe  OH  and  couitmclion  of  which 
(arm)  one  of  the  leadinz  features 
ft  this  invention-  Inis  valve 
■imiti  of  different  constmctioni. 


tMberfoTm  at  Fn. 


t  J^.  3,  and 
5.  In  Fiff.  3 
T  metal  c^in- 
^,  which  mutt  be  bored  in  its 
nwJe  like  a  pump  barrel,  in  order 
t^  <li«  piaton  d,  which  ia  packed 
^^  hemp,  leather,   or  other   fit 
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matcriali  may  move  in  a  water-tight  manner  within  it;  e/  is  an  iron  lever, 
turning  on  the  fulcrum/ for  the  purpose  of  moving  the  piston  with  which  it  is 
connected  hy  the  rod  g  ;  and  A  is  an  iron  loop  or  guide,  which  not  only  causes 
the  lever  €/ to  move  up  and  down  without  external  action,  but  also  reeolates 
and  restrains  its  Quantity  of  motion,  which  is  necessary,  because  when  the  end 
€  of  the  lever  is  drawn  up  to  its  highest  possible  elevation,  the  piston  d  should 
be  at  the  top  of  the  barrel  c  e,  with  its  convex  upper  surface  just  projecting  into 
the  tub,  as  shown  by  the  curved  dotted  line ;  and  when  the  end  t  of  the  lever 
is  at  its  greatest  depression,  the  piston  must  be  at  the  bottom  of  the  said  barrel, 
but  must  never  move  out  of  it ;  and  when  the  said  piston  is  in  its  lowest  situa- 
tion, as  shown  in  the  fie^ure,  its  upper  surface  must  be  just  below  a  row  of  large 
holes,  which  are  formea  round  the  said  barrel  as  at//;  consequently,  while  ue 
piston  is  in  its  position,  an^  fluid  that  may  happen  to  be  in  the  tub  will  flow  oat 
of  it,  through  these  holes,  mto  a  shallow  tub  £,  placed  underneath  to  receive  it; 
but  if  the  piston  is  raised  rather  more  than  its  own  thickness,  it  will  cover  all 
the  said  hole  fft  and  prevent  the  discharge  of  anything  from  the  tub,  although 
it  will  leave  all  the  upper  part  of  the  barrel  c  c  open,  as  a  well  or  receptacle  to 
receive  anything  that  may  fall  into  it ;  and  this  well,  or  receptacle,  may,  in  a 
moment,  be  annihilated  by  pushing  the  piston  upwards. 

The  other  form  of  the  valve,  shown  in  Fig,  5,  is  similarly  placed  in  the  centre 
of  the  bottom  of  the  tub,  and  for  the  same  purpose,  though  rather  more  simple 
in  its  construction.  It  consists  merely  of  a  conical  brass  or  other  metal  stopper, 
turned  and  ground,  or  packed  so  as  to  fit  tightly  into  the  hole  of  the  metal 
plate  i  tf  which  is  let  into  the  bottom  of  the  tub :  this  stopper  is  moved,  as  in 
the  former  valve,  by  the  iron  or  metal  lever  e/,  and  attached  to  the  plug  or 
stopper  by  the  iron  rod  g,  so  that  the  valve  may  be  opened  or  shut  at  pleasure, 
by  applying  the  hand  to  the  end  of  the  lever.  It  wAl  be  observed  in  all  the 
above  figures,  and  particularly  in  the  perspective  view  of  the  agitator  at  Fig.  4, 
that  there  are  no  stirrers  1 1 1  in  Uie  centre  of  the*  a£;itator,  but  that  a  certain 
space,  fully  equal  to  the  size  of  the  central  valve,  is  left  free  for  them,  not  only 
for  the  purpose  of  permitting  the  valve  to  rise  between  the  stirrers,  but  also  to 
prevent  the  same  degree  of  motion  being  given  to  the  central  part  of  the  con- 
tents of  the  tub,  that  is  given  to  the  sides  of  it  Having  so  far  described  the 
general  form  and  construction  of  the  apparatus,  we  shall  next  proceed  to 
describe  the  manner  of  using  it,  for  the  purpose  of  extracting  the  gold,  silver, 
or  other  metals  or  materials,  from  the  sand,  earth,  or  other  matrices  with  which 
they  may  happen  to  be  mixed.  For  this  pm^ose  the  tub  A  A  must  be  about 
half  filled  with  water,  or,  what  is  better,  may  communicate  by  a  pipe,  shoot,  or 
trough,  with  water,  which  can  at  pleasure  be  permitted  to  run  into  the  tub,  or 
may  be  stopped ;  the  cock  S  and  central  valve  being  of  course  closed  at  this 
time.  The  ore  and  matrice,  or  other  material  to  be  operated  upon,  reduced  to 
a  state  of  powder,  must  now  be  thrown  in,  in  such  quantity  that  it  will  not 
exceed  in  weight  more  than  about  half  the  weight  of  tne  water  in  the  tub  at 
any  one  time ;  but  a  greater  or  less  quantity  may  be  added,  according  to  its 
density,  which  will  be  easily  ascertained  by  practice.  The  agitator  is  then  to 
be  put  into  motion,  beginning  slowly  at  first,  but  quickening  it  until  the  whole 
quantity  of  water,  and  the  materials  that  have  been  thrown  into  it,  are  put  into 
rapid  motion,  and  the  whole  of  the  ore,  or  other  material,  however  heavy,  has 
become  completely  incorporated  with,  and  floats  in,  the  water.  It  will  soon  be 
found,  that  the  water,  by  its  centrifugal  force,  will  rise  against  the  rides  of  the 
tub,  and  leave  a  hollow  space  in  the  middle  of  it,  in  the  form  of  an  inverted 
cone,  as  shown  by  the  dotted  lines kkkk,inthe  section  of  lia,  3.  This  effect 
takes  place  to  such  an  extent  (if  the  height  of  the  tub  and  the  sixe  of  the 
agitator  are  properly  proportioned  to  one  another,  and  the  motion  is  sufllciently 
rapid),  that  the  central  valve  at  the  bottom  of  the  tub  can  be  distinctly  seen 
from  above,  and  may  even  be  opened  without  danger  of  discharging  much  of 
the  water ;  and  if,  fdfter  continmng  this  rapid  motion  for  two  or  uree  minutes, 
it  is  firadually  abated,  and  the  agitator  is  brought  to  a  state  of  rest,  it  wih  be 
found  that  all  the  gold  or  silver,  or  other  metah,  so  mixed  with  the  water,  vrill 
be  deposited  in  a  neap  in  the  centre  of  the  tub,  immediately  over  the  central 
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Tilre,  nilh  very  liule  admixture  of  the  und  or  earth  that  wu  previously  mixed 
with  it ;  aod,  consequently,  if  the  piston  d  of  the  tub-valve  in  f^.  3  is  lowered, 
10  a«  to  form  the  chamber  or  eavitj,  at  the  same  time  that  the  motion  of  the 
tgitator  U  tlachened,  such  heav;  material  vriil  be  deposited  in  the  said  chamber 
•r  cavity,  and  may  be  drawn  off  with  a  little  of  the  sand,  earth,  and  water 
■eeompanjing  it,  into  the  receiving  tube  £,  by  lowering  the  said  piiton  below 
the  holea  deambed  at  ///  in  the  figure ;  but  if  the  diicbaige  ahould  be  followed 
by  too  much  aand,  earth,  and  water,  it  may  initantly  be  stopped  by  raising  the 

eon  above  the  boles.  Should  the  ore  or  other  material  not  be  sufficiently 
vy  to  deposit  itself  in  the  centre  of  the  tub,  iben  the  stopper  valve,  shown 
b  F^.  5,  is  to  be  tued  in  preference,  which  ii  not  to  be  opened  until  the  fluid 
in  the  bib  baa  been  moved  for  a  minute,  and  the  central  hollow  cone  is  formed 
ia  the  middle,  when  the  stopper  may  be  raised,  and  the  speed  of  the  agitator 
iunilushed,  until  the  water  begins  to  flow  gently  from  the  valve,  when,  in 
numing,  it  will  bring  tb«  ore,  or  other  heavy  mBleriali  with  it,  and  must  be 


I|°"illed  to  nu)  ao  long  as  this  is  the  ease ;  the  valve  ia  then  to  be  cloied,  nnd 
^  *fitatoT  again  put  into  rapid  motion  ;  after  which  the  valve  is  to  be  again 
■^H  and  so  in  succeslian,  until  ihe  whole  of  the  ore,  or  other  heavy  raalo- 
™.  i«  obtained,  which  will  be  known  by  Its  ceasing  to  run  from  the  lower  cen- 
^  tslie,  when  the  remuning  refuse  ia  to  be  drawn  off  by  opening  the  valve 
•"^"PHol  S,  hatriog  previouily  placed  another  tub,  called  the  waste-tub,  under 
*«  michine  for  the  purpose  of  receiving  it;  and  while  so  running  off,  the 
HitUM  must  b«  kept  in  motion  to  stir  it  up  and  wash  out  the  contenta  of  the 
•^  When  empty,  the  waate-tub,  with  its  contents,  must  be  removed,  and  the 
**  A  A  must  be  supplied  with  a  fresh  quantity  of  water  and  ore,  or  other 
"**j  material,  to  retume  the  operation. 
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From  the  toregoiag  description  of  this  machine  in  its  moat  simple  itate,  it  will 
appear,  that  a  muchlesaproportionate  quantity  of  motion  takes  place  near  the 
centre  of  the  agitator,  than  near  its  outside,  psTliculiiily  vhen  the  machine  i* 
made  o[i  a  large  scale,  on  nhicb  account  it  la  necessary,  in  large  machine*,  to 
(ioQitnicI  a  double  igttalor,  thai  is  to  say,  one  in  which  the  central  part  turns  or 
moves  with  greater  velocity  than  the  external  part,  as  shomi  in  section  at  F^.i, 
where  I  1 1  IFF  show  the  agilstor  constructed  as  before,  except  that  its  ann* 
and  stirrers  are  more  extended  from  the  centre,  so  as  to  make  room  for  the 
smaller  central  agitator  iiij  which  may  be  conatructed  in  the  same  way  as 
before  described,  or  may  have  its  atirrera  fixed  into  the  circular  block  of  wood 
or  metal  jj,  and  the  iron  axes,  instead  of  beine  fixed  into  the  central  block  G, 
now  passes  through  it,  and  is  fixed  to  the  small  or  internal  agitator.  For  ihii 
purpose,  the  central  block  G  of  the  agitator  should  be  lined  with  a  brass  box, 
or  have  proper  bearings  upon  its  ends,  so  that  it  may  revolve  freely  upon  tha 
iron  spindle  H  ;  it  has  also  a  bearing  at  n,  in  the  lower  part  of  the  ctobi  fnmg 
D  D,  to  assist  in  siippotting  it ;  and  on  account  of  the  greater  weight  that  now 
hangs  on  the  said  iron  spindle  H,  two  iVictian  wheels  are  Hied  to  its  upner  end, 
as  at  0  0,  which  run  upon  the  top  of  the  brass  bearing  p,  and  materially  dimi- 
oish  the  Action.  When  the  double  agitator  is  used,  two  riggers  will  be  neces- 
sary, as  at  L  and  Yf,  and  the  one  at  W,  which  communicates  with  the  loige 
external  agitator,  is  made  double  the  diameter  of  the  smaller  one  L,  which  ii 
fixed  upon  the  iron  axle  H,  iii,order  that  the  small  internal  agitator  may  move 
with  double  Ihe  velocity  of  the  large  external  one-     In  every  other  respect,  Ihii 


machine  ia  the  same  as  the  one  already  described.  Fig.  6,  is  an  elevation  of  a 
machine,  with  a  double  agitator  introduced,  merely  to  show  how  such  a  niachine, 
on  a  small  scale,  mav  be  moved  by  hand.  /  and  ic  are  the  two  riggers  of  the 
internal  and  eitemal  agitators,  as  in  the  last  figure,  and  motion  l-  — 
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cilFd  U>  tfaem  by  the  batiits  in  m,  which  pau  round  the  two  rigger*  v  and  ti, 

both  of  the  uin<>  diameler,  and  both  fixed  upon  the  upright  iron  ihoft  xr, 

which  «]■(>  catiiei  the  bevelled  wheel  t/,  which -»  driven  by  ttic  larger  wliuel  Y, 

liung  upon  the  main  ahaft,  which  also  carriet  a  heavy  fly  wheel  ix,   and  iha 

■inch  or  handle  by  which  the  whole  ia  turned,     llie  timber  ftaming  I  /,  for 

nnying  the  uid  wheel  and  riggen,  ii  loo  obvious  to  need  description,  and  may 

be  taried  in  form,  to  tuit  tlie  convenience  of  the  place  in  which  the  macliinory 

■  Gaod ;    and   when   a   borve   ii   adopted   fw   machinery   of  magnitude,   It 

B  almoat  needlMi  to  obBerra,  that  it  mutt  lake  into,  and  drive  the  wheel  ti, 

riiieh  for  thk  purpoae  may  he  fixed  higher  on  iti  shaft,  when  the  wheel  g,  with 

'mij  wheal,  ihaft,  and  handle,  will  be  unnscetaary.    In  the  uae  of  thjs  marine, 

ilii  Tain  to  expect  to  get  the  ore  or  other  heavy  material,  separated  from  the 

Mad,  earth,  or  other  material,  with  which  it  may  be  mixed,  in  ■  clean  and 

pirfiict  atate,  by  one  operation  as  hereinbefore  described,  because  a  conaiderable 

ftrtion  of  sand  and  earth  wilt  inevitably  run  off  with  it  in  the  water.     The 

nodej^opoted  by  the  patentee  therefore  is,  to  save  all  the  firit  poitioni  that 

ran  off  from  the  ceotral  valve  at  the  litat  washing,  in  a  tub  or  other  receptacle  by 

tltnnwlTe*  ;  and  when  a  sufficient  quantity  is  tliua  aecumulated,  it  ia  to  be  again 

put  into  >  machine,  which  may  be  amaller  for  this  purpose,  and  it  is  to  be  treated 

pnciaely  in  the  same  manner  bb  the  crude  materials  m  tlie  firit  instance,  when 

ii  sill  be  further  cleansed  and  purified  ;  but  if  not  in  a  sufficiently  clean  state 

liter  this  second  washing,  it  must  undergo  a  third,  or  even  fourth,  in  the  same 

n  imslier  hand  machines,  according  to  the  purity  required ;  which  by  due  and 

lUmtiTe  care  to  the  directions  herein  given,  and  a  little  practice,  may  be  carried 

inlo  sDy  extent  required.     It  is  alao  necessary  to  obaerve  that  the  operation  of 

vuhing  and  separating  ores,  or  other  heavy  materials,  by  the  machinery  befote 

daciibed,  may  be  effected,  (though  in   a  less  convenient  manner,)  without 

iIh  adoption  of  either  of  the  bottom  central  valvea,  or  any  valves  at  all;  because 

neb  heavy  materials,  if  not  permitted  to  escape  by  tlie  valves,  will  accumulate 

ii  aheap  in  the  centre  of  the  tab,  and  will  be  found  upon  carefully  removing' 

tin  und,  earth,  or  instrice  from  around  about  it ;  or  another  process  may  be 

<m1,iucIi  aa  the  apparatus  delineated  in  the  subjoined  Fig.  7,  is  adapted  for. 


_^__         _eT,  either  with 

(c  wiiluiit  the  blocks  1 1  to  raise  it  above  the'bottom  ol 
inmr  tnb  may  be  fi«ed  in  a  running  stream,  or  a  atream  may  ne  maQc  to  run 
"MilUMllT  into  and  out  ot  it.  When  the  apparatus  is  arranged  in  this  form, 
4.  rerdrttg  motion  of  the  agitator  F  F I  f  will  have  the  effect  of  throwing 
■wrfiiie  water  that  iaiiiiroduMd  with  the  °"  into  the  ahnllow  tub,  oietitt 
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edges  into  the  external  tub,  or  into  the  running  stream,  (as  the  case  may  be,) 
or  into  a  reservoir ;  and  with  it  nearly  all  the  sand,  earth,  or  matricc  will  be 
thrown  over,  so  as  to  leave  the  ore,  or  other  heavy  material,  in  a  nearly  clean 
state  at  the  bottom  of  the  tub,  particularly  if  a  sufficient  quantity  of  water  lias 
been  used  during  the  process. 

The  whole  agitator  is  now  to  be  removed,  for  taking  out  the  clean  ore,  and 
when  an  accumulation  of  refuse  has  taken  place  in  the  outer  tub,  (if  such  a 
one  be  used,)  the  inner  one  is  to  be  removed,  and  the  agitator  loweied  into  the 
other  large  tub  fur  stirring  up  the  said  refuse  and  water,  while  it  is  drawn  off 
by  the  plug,  or  spigot  and  fauset  at  S ;  after  which  such  refuse  and  water  are 
to  be  again  passed  through  a  machine  by  way  of  examination,  to  ascertain  if 
any  ore,  &c.  had  passed  over  with  it ;  and  if  so,  it  will  be  obtained  at  this 
second  washing.  The  refuse  and  water  might  be  led  over  coarse  flannel 
or  cloth,  in  which  the  heavy  material  would  deposit  itself,  if  there  be  any  left 
in  the  refuse.  It  ma}'  likewise  happen  in  some  cases,  that  the  ore,  or  other 
heavy  substances,  cannot  be  conveniently  broken  down  and  reduced  to  powder, 
but  may  contain  diamonds,  precious  stones,  lumps,  or  fragments  which  would 
be  too  large  and  heavy  to  be  put  into  motion  with  the  water,  as  before  described; 
whenever  this  is  the  case,  the  construction  of  the  agitator,  shown  in  Fig,  7,  is 
recommended,  which  in  effect  is  the  same  as  those  already  described ;  but 
instead  of  intersecting  the  arms  F  F,which  carry  the  stirrers  1 1 1 1  into  the  central 
block  of  wood  already  described,  a  circular  kind  of  funnel  or  hopper  is  constructed 
as  shown  in  section  9X  ggg g^  of  iron,  and  the  spindle  revolves  into  transyerse 

Sieces  m  m  within  the  said  hopper ;  such  pieces  being  placed  with  their  thinnest 
imensions  upwards,  so  as  to  cause  as  little  obstruction  as  possible.  '  Thia  hop- 
per is  to  be  fed  with  ore  (previously  broken  into  small  pieces),  by  means  of  the 
shoot  ft  ra,  which  may  be  shook  by  joggles  at  r,  like  a  cornmill,  or  be  fed  by  any 
other  convenient  method.  Fig.  7  also  shows  another  form  of  the  agitator :  a 
double  set  of  arms  to  carry  the  stirrers,  is  not  essential ;  all  that  is  necessary 
is,  that  it  should  possess  sufficient  strength  and  substance  to  put  the  whole  of 
the  water  and  heavy  materials  mixed  therewith.  Into  a  sufficiently  rapid 
motion,  to  produce  the  conical  hollow  space  similar  to  kkk.  Fig.  3,  as  before 
described. 

In  addition  to  the  several  modes  of  working  the  apparatus  explained,  it  is 
roposed  to  work  the  same  in  streams,  or  ponds,  where  gold-dust,  ores,  &c.  may 
e  found,  or  suspected  to  exist,  without  using  a  tub,  in  which  case  the  agitator 
only  is  to  be  used,  and  must  be  supported,  as  before,  by  its  cross-bearers  D  D, 
and  standards  CC.  Figs,  1,  2,  3,  5,  6,  being  either  fixed  to  the  bottom  of 
a  boat  or  punt,  or  supported  between  two  boats  or  punts,  the  same  being 
immovably  moored  or  nxed  upon  the  water ;  or  the  machinery  may  be  placed 
upon  a  stage  with  legs,  adjustable  to  the  depth  of  the  water,  so  that  the  agitator 
may  be  put  into  rapid  circular  motion  as  before  described ;  or  as  near  as  pos- 
sible to  the  bottom  of  such  river  or  stream,  when  it  will  soon,  by  such  motion, 
remove  the  soil  (provided  it  is  not  too  hard  or  strong),  and  will  form  itself  into 
a  circular  hollow  space  equal  to  its  own  diameter,  into  which  space  it  is  to  be 
gradually  lowered  as  the  earth  is  washed  away ;  when,  if  any  gold-dust,  ore,  or 
heavy  metals  are  present,  they  will  be  brought  to  the  centre  thereof  as  effec- 
tually as  if  the  first  agitator  had  been  worked  in  a  tub ;  which  done,  the  posi- 
tion of  the  central  spindle  of  the  agitator  is  to  be  worked  as  accurately  as 
possible,  either  upon  the  stage  that  supports  it,  or  by  placing  upright  straight 
rods  in  the  ground  round  about  it,  when  a  light  metal  tube,  of  tinned  or  plate 
iron,  open  at  both  ends,  and  of  equal  diameter  to  about  one-fourth  of  the 
agitator  that  has  been  used,  is  to  be  lowered  over  the  said  central  spot,  for  the 
purpose  of  confining  and  covering  whatever  may  have  been  so  brought  to  the 
centre,  which  may  then  be  raised  in  the  tube,  by  inserting  a  pump  therein  till 
it  reaches  the  sand  ;  and  aAer  having  made  with  it  a  partial  vacuum  by  raising 
this  pump,  the  whole  tube  is  brought  out  with  it ;  or  by  means  of  proper  ladles, 
augers,  screw-worms,  or  other  implements  used  for  boring  the  eartn,  and  bring- 
ing up  the  same  through  tubes  for  well-sinking,  and  other  well-known  pur- 
poses ;  or  the  implement  shown  at  Fig.  8  ma}'  be  used  to  advantage.  It 
consists  of  an  hexagonal,  or  other  polygonal  pipe  of  iron  made  nearly  to  fit  and 


I 


cngTBvine  of  a  coal 
>f  the  mode  of  wotk- 
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fiti  up  the  insidi'  of  the  light  pi|ie  before  mentloiietl  (dircirli'ii  to  be  lowered  fur 

coTcring  and  Kcunn^;  the  maierials) ;  iu  lower  enii  ia  U<  be  furnied  into  u* 

many  points  aa  tlie  fint  polygonal  has  ride*,  as  at 

taaa  in  Fig.  8;  these  points  aliould  be  of  steel,  not 

only  fuT  durafadity,  but  that  they  miiy  bend  inwards 

and  spring  open  again  in  the  form  ihonn  at  X,  in 

which  stale  the  pipe  ii  to  be  lowered  into  the  lube 

above  mentioned,  iind  it  must  he  pushed  through  tho 

■oil,  or  vhatever  the  agitator  may  have  brought  lo 

the   centre,    bj   slackening   and   turning   It  ruimd  ; 

while,   at   the   same   time,  the  central  chain  which 

eonunnnicBles  by  branch  chains  with   each  of  the 

first  p<nnts,  as  seen  at  Y,  is  to  be  itrained  with  luffi- 

cimt  force,  either  by  the  lever  Z  or  in  any  other 

way,  to  bling  all  the  fint  pointi  a  a  a,  &c.  together,  in 

which  state  they  will  be  retained,  until  the  contents 

thus  confined  to  the  pipe  are  brought  up  out  of  the 

water,  and  ducharged  on  the  boat  or  plalfomi. 

Having  now  described  a  variety  of  processes  for 
obtaining  the  ores  of  copper,  lead,  tin,  gold,  lilver, 
•nd  some  other  metals,  we  will  refer  the  reader  to  the 
Mtide  Coal,  (Vol.  I.  pp.  374  and  375,)  where  a  sectioi 

ing  the  same.  It  is  an  astonishing  and  highly  interesting  eight  to  a  stranger  in 
the  neigfabaurhood  of  Birmingham,  and  in  other  coal  and  iron  districts.  lo 
bebdd,  at  one  view,  a  great  number  of  steam  engjnei,  wilh  all  (heir  mauive 
machinery  and  apparalui,  limullaneDUsty  at  work  in  the  open  air;  some  employed 
in  drawing  up  the  iron  ore,  olhen  coal ;  which,  as  they  emerge  frotn  the  earth, 
are  aometimei  lifted  upon  an  elevated  rail-ruad,  (rum  whence,  by  tlieil  own 
rr>vity,  or  by  tfa«  aid  of  machinery,  they  are  conveyed  with  repidily  to  llirir 
dctlinatioo ;  the  contents  are  instantly  discharged,  and  the  emptied  skip  brought 
back  in  continuous  succession. 

MINIUM.  A  aame  which  was  given  to  what  is  now  called  rhaabar ;  li  Is  a 
native  mineral,  of  a  shining  red  colour,  out  of  which  quicksilver  is  eilracted. 

HINT.  The  place  in  which  the  king's  money  is  coined.  Fonnerly  ifiinis 
existed  in  almost  every  country,  for  notwithstanding  the  coining  of  money 
snican  at  all  times  to  iiave  been  considered  a  ipecia)  prerogative  of  the  crown, 
the  Saxon  princes  ceded  the  privilege  lo  iheir  subjects  to  a  great  extent,  reierv- 
iug  at  the  same  time  eight  mints  for  the  City  of  London.  This  arrangement 
was  continned  by  the  Norman  kings  with  little  alteration  until  the  period  of 
Ridiaid  I.,  who  procured  from  the  east  of  Germany,  persons  well  skilled  in  the 
srt,  for  the  purpose  of  improving  the  coinage.  From  this  time  to  the  accession 
(J  Edward  IL  a.  n.  1307,  but  small  progress  appears  to  have  been  msde. 
Tlst prince  however  endeavoured  by  introducing  many  alterations  In  ihe  con- 
•ilution  of  the  mint,  to  improve  the  coinage.  >  ram  this  period  a  considerable 
Inns  appeals  to  have  elapsed,  without  any  material  changes  taking  place,  until 
tlw  ^ipcdntnieot  of  a  Committee  in  1 798,  to  consider  the  establishment  and 
MHtitBtioo  of  hi*  Majesty's  mint,  the  result  of  which  was  the  creclion  of  tlie 
posnlniiit  OD  Tower  Hill,  between  1805  and  1810,  wilh  highly  improved 
■asdiiMtT,  and  increased  facilities  for  carrying  on  the  process  of  coining  extent 
CTtlj  tad  advantageously.  The  various  chemical  manipulations  necessary  for 
"dliciog  the  metal  to  its  due  degree  of  purity  previous  to  coinage,  it  is  not  our 
poriMe  to  enter  into;  we  shall,  therefore,  proceed  to  a  desciiptioo  of  the  dif- 
^ntpiiii  I  ssiil  of  coining,  after  the  metal  has  been  received  in  the  melting 
'"Mt  The  usual  mode  was  lo  melt  the  silver  in  block  lead  pots,  and  a  cousi- 
^nsUe  coinage  of  tokens  for  the  Dank  of  Ireland  was  produced  in  tliis  man- 
*"-  The  importatioDl  being  entirely  Spanish  dollars,  and  the  tokens  of  the 
■W itandard,  the  meltcr  could  easily  melt  them  in  quantities  of  GO  lbs.  troy, 
J^itb  was  done.     But  the  inconvenience  of  this  mode  was  ultimately  severely 
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standard  of  our  money.  This  obstacle  was  so  severely  felt  that,  in  1777, 
Mr.  Alchome,  then  principal  assay  master,  was  commissioned  by  Government  ta 
visit  tlic  mints  of  Paris,  Brussels,  Kouen,  and  Lille,  for  the  purpose  of  collecting 
information  with  respect  to  the  arts  of  coining  as  practised  in  those  mints,  and 
more  particularly  the  most  approved  mode  of  melting  silver  in  large  quantities. 
Alchome's  intimate  knowledge  of  the  English  mint,  together  with  bis  great 
acquirements  as  a  practical  chemist,  eminently  fitted  him  for  the  undertaking  ; 
and  his  observations  on  the  coin  and  coinage  of  France  and  Flanders,  are 
alike  creditable  to  his  judgment  and  knowledge. 

It  is  recorded  in  the  documents  of  the  mint,  that  at  the  recoinage  of 
William  III.  the  pots  of  silver  weighed  400  pounds  troy,  and  upwards,  and  il 
is  somewhat  extraordinary,  that  no  trace  of  the  process  by  which  this  was 
accomplished  has  been  found ;  it  is,  therefore,  mere  matter  of  conjecture  that 
pots  01  wrought  iron  were  used. 

In  1758,  some  trials  for  melting  silver  in  wrought  iron  pots  took  place,  by 
means  of  a  blast  furnace,  but  they  weve  found  so  inconvenient,  laborious,  and  pro- 
fitless, as  to  cause  the  process  to  be  abandoned.  In  1787,  some  new  experiments 
were  tried  by  Mr*  Morrison,  (then  deputy  master  and  worker,)  who  conducted 
the  meltings.  A  blast  furnace  was  a^in  tried  and  again  abandoned.  He  next 
attempted  to  melt  the  silver  in  large  black  lead  pots,  containing  from  100  lbs.  to 
1 20  lbs.  troy ;  but  the  repeated  breaking  of  these  pots,  although  guarded  on 
the  outside  with  luting,  proved  a  great  interruption  to  the  business,  and  serious 
loss  to  the  melter.  Trial  was  likewise  made  with  cast  iron  pots,  but  these  were 
found  subject  to  melt,  and  the  iron  consequently  got  mixed  with  the  silver. 
The  work  too  was  continually  stopped  by  the  Ring's  assay er,  the  metal  not  being 
of  the  proper  standard,  in  consequence  of  being  refined  by  the  process  of  melt- 
ing, and  lading  it  with  ladles  from  the  pot. 

Great  difficulties  likewise  were  experienced  in  blending  ingots  of  different 
qualities  so  as  to  produce  the  proper  standard,  the  pots  not  being  sufficiently 
large  to  contain  the  larger  ingots  of  60  to  80  lbs.  troy,  when  blended  together. 
It  was  therefore  obvious  that  this  mode  of  conducting  the  silver  meltings  was 
exceedine^Iy  defective,  and  was  in  consequence  abandoned.  Experiments  were 
then  tried  with  a  reverberatory  furnace,  built  after  the  model  of  those  used  in 
the  Lille  mint,  but  with  no  better  success ;  and  the  process  was,  as  in  former 
cases,  abandoned.  The  principal  obstacle  here  appears  to  have  been  the  great 
refinement  of  the  silver  in  the  melting,  by  the  oxidation  of  the  alloy.  In  1795 
and  1798  further  trials  were  made  by  Mr.  Morrison,  for  the  purpose  of  over- 
eomine  this  apparently  insurmountable  difficulty.  In  these  experiments  he  tried 
three  furnaces  of  different  constructions,  and  although  he  accomplished  much 
towards  his  object,  there  remained  still  a  serious  imperfection,  arising  from  the 
process  of  dipping  out  the  metal  from  the  pots  with  ladles,  which  in  addition  to 
chilling  the  metal,  was  exceedingly  laborious,  and  fraught  with  many  disadvan- 
tages. In  1 803  Nf r.  Morrison  died,  without  bringing  the  process  of  melting 
silver  to  that  degree  of  perfection  which,  had  he  survived,  by  the  actirity  of  his 
intellect,  great  knowledge  of  his  subject,  and  unwearied  perseverance  in  its 
prosecution,  he  would,  doubtless,  have  accomplished.  His  son,  who  suoraeded 
to  his  situation,  appears  to  have  inherited  his  father's  active  and  intelligent 
mind ;  for  in  a  short  period  he  so  successfully  exerted  himself  for  the  accompush- 
ment  of  the  object  sought  to  be  attained,  that  by  the  construction  of  a  fnrnace 
adapted  for  the  use  of  cast-iron  pots,  the  use  of  pots  of  a  size  capable  of  melting 
from  400  to  500  lbs.  troy  at  one  ctiarge,  the  adoption  of  such  machinery  as  would 
supersede  the  clumsy  and  wasteful  process  of  lading  the  silver  from  the  pots 
when  melted ;  and  lastly,  the  introduction  of  the  use  of  moulds  made  of  cast 
iron,  in  place  of  those  then  used,  which  were  made  of  sand,  the  process  of  melt- 
ing silver,  so  far  from  being  a  laborious,  troublesome,  and  expensive  process^ 
became  simple,  and  efficient  in  operation,  and  capable  with  ease  of  melting 
10,000  lbs.  troy  of  silver  daily.  Tlie  illustration  opposite  exhibits  a  perspective 
view  of  the  furnace  at  present  in  use.  A  A  are  the  furnaces  in  which  the  metal 
is  melted.  These  are  the  air  furnaces,  built  of  fire  brick,  in  the  usual  manner 
of  melting  furnaces,  but  to  render  them  more  durable,  the  brickwork  is  case^ 
in  iron  plates,  which  are  put  together  by  screws.    6  6  are  the  coven  io  the  fur- 
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noces ;  they  are  held  down  to  the  top  plate  by  a  single  screw  pin  for  each,  and 
on  the  opposite  side  of  the  cover  a  handle  a,  is  fixed  ;  by  pushing  this  handle, 
the  cover  is  moved  sideways  upon  its  centre  pin,  whicli  leaves  the  furnace  open ; 
a  roller  is  fitted  to  the  cover,  to  run  upon  the  top  plate,  and  render  the  motion 
easy.  The  interior  of  each  fiimace  is  circular,  30  inches  deep,  and  21  in 
diameter ;  the  bottom  is  a  grate  of  cast  iron  bars,  movable  for  the  purpose  of 
admitting  air.  Upon  the  grate  is  placed  a  pedestal  or  stand  of  cast  iron,  of  a 
concave  shape,  covered  an  inch  thick  with  coke  or  charcoal  dust,  upon  which 
the  melting  pot  is  placed ;  the  pedestal  is  nearly  two  inches  thick,  and  is  fully 
two  inches  broader  in  diameter  than  the  pot,  the  ol]ject  of  which  is  to  protect 
the  hip  of  the  pot  from  the  intense  heat  which  tlie  current  of  air  ascending 
thTo^|n  the  grate  when  the  furnace  is  at  work  creates,  and  which  might  other- 
wise  melt  it  On  the  top  or  mouth  o(  the  pot,  is  placed  a  muffle,  which  is  a 
ring  of  cast-iron,  six  inches  deep,  made  to  fit  neatly  mto  the  pot;  the  use  of  this 
mi&e  is  similar  to  that  used  in  melting  gold,  to  give  a  greater  depth  of  fuel  in 
the  iiimace  than  the  mere  length  of  the  pot,  and  which  adds  materially  in  per- 


fecting the  process.  The  muffle  likewise,  by  rising  above  the  pot,  enables  ingots 
of  silver  to  be  charged,  which  are  longer  than  the  depth  of  its  interior.  The 
top  of  the  muffle  is  covered  with  a  plate  of  cast  iron,  to  prevent  the  fuel  from 
fiilins  into  the  pot,  and  secure  the  metal  from  the  action  of  the  atmospheric 
air  when  in  fusion.  Each  furnace  is  provided  with  a  flue,  which  proceeds  in  a 
'  borisontai  direction,  and  extends  to  the  flue  c  which  is  carried  up  in  a  sloping 
direction  to  the  stack  or  chimney. 

When  the  furnace-covers  h  b  are  closed,  the  current  of  air  which   enters 

•t  die  grata  ascends  through  the  body  of  the  furnace,  and  causes  the  fuel,  which 

b  ooke,  to  bum  with  great  intensity  around  the  melting  pot    The  degree  of 

W  it  accurately  regulated  by  a  damper,  fixed  in  the  flue  of  each  furnace. 

When  the  furnace  u  put  to  work,  it  is  lighted  by  some  ignited  charcoal  being 

put  opoii  the  grate,  and  around  the  pot,  (for  the  melting  pot  is  always  in  its 

pUee  oelbre  the  fire  is  lighted ;)  upon  the  charcoal  about  three  inches  depth  of 

coke  is  placed ;  the  cover  b  is  shut,  and  the  damper  is  withdrawn  about  two 

indies.    When  the  coke  is  ignited,  a  similar  Quantity  is  added,  and  so  continued 

ontil  the  furnace  is  filled  with  ignited  coke.    The  object  of  this  precaution  is  to 

prevent  the  crackine   of  the  melted  vessel  by  being  too  suddenly  heated. 

Before  the  silver  is  charged,  the  pot  is  heated  to  a  bright  red :   it  is  then  care- 

folly  examined  to  ascertain  if  it  has  successfully  witnstood  the  action  of  the 

^vnace,  or  cracked  during  the  operation.     The  silver  is  then  placed  in  the  pot, 

SRompanied  by  a  small  quantity  of  coarsely  grained  charcoal  powder, — which 

^  CMting  the  inner  surface  of  the  pot,  prevents  the  silver  from  adhering  to  it. 

^'Hiet)  the  silver  has  attained  the  fusing  point,  the  quantity  of  charcoal  is 

inereaied,  until  about  half  an  inch  thick  on  the  surface  of  the  silver,  which 

ffeienes  it  in  a  great  measure  from  the  action  of  the  atmosphere,  and  prevents 

^  destruction  of  the  alloy  which  was  found  so  great  a  difficulty  in  the  earlier 

I^ll^cetces  of  coining.     When  the  silver  is  completely  and  properly  melted,  it  is 

"^ined  with  an  iron  stirrer,  in  order  that  the  whole  may  be  of  one  standacd 
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lifted  from  the  furnace 

d  hooks,  or  claws,  which 

1  siiflicient  height  from 

that  it  may  be  braught 


quality.     Tlio  lessel  containing  llip  molten  biIvi^ 
by  means  of  a  powpiful  crane,  (o  wliich  are  suspended 
finnly  clutch  tlie  rim  of  llie  pot ;  which  htine  rail 
the  furnace,  is  swung  round  by  the  gib  of  the  crj 
over  the  pouring  machine,  of  the  princi|iBl  porllon  of 
which  ihe  foUonuig  engraving  will  convey  an  adequate 
idea.     A  is  an  axi:<  to  wliicli  is  affixed  a  cradle,  which 
receives  the  pot.      The  cradle  ie  bo  coimtrucled   as  to 
open  and  shut,  and  tht  screw  h  draws  the  parts  together 
tiU  they  fit.     Forming  a  continuation  of  the  principal 
bors  of  the  cradle,  is  the  arelied  rack,  C.     When  the 
cradle  is  in  its  place,  the  rack  is  engaged  by  a  pinion, 
and  can  thereby  he  elevated  to  pour  the  metal  by  means 
of  a  lip,  or  spout,  made  in  (he  edge  of  the  pot  for  (hat 

riiTpose.  into  the  ingot  nioulili.  D  is  the  melting  pot, 
rmly  embraced  by  the  cradle,  preparatory  to  filling 
the  moulds,  which  are  composed  of  cast  iron,  the  upper  edge  of  the  monih 
)eing  slightly  enlarged,  to  facilitate  the  reception  ol  the  metal.  A  n>w  of 
these  moulds  are  placed  in  a  carriage,  and  screwed  lightly  together,  at  the  same 
time  resting  on  a  plate,  which  can  be  raised  or  lowered,  as  the  dilFerence  of 
size  in  moulds  may  reijuire.  The  carriage  is  8n))ported  upon  four  wbeela,  and 
runs  upon  a  railway,  by  which  means  tlie  moulds  are  bought  in  regulaj-  eiir- 
cesaion  imder  the  melting  pot,  which  by  means  of  the  arched  rack  C,  is  lowered 
to  allow  the  molten  metal  to  escape  freely  until  the  moulds  are  filled. 

The  next  process  to  which  the  silver  is  subjected  after  being  taken  from  the 
moidds,  is  that  of  fiatlening,  rolling,  or  laminating  in  the  rolling  mill.  For  the 
purpose  of  facilitating  this  process,  the  bars,  or  plates  of. metal,  are  heated  to 
redness,  by  which  a  much  greater  degree  of  extension  is  obtained  by  the  aaDie 
amount  of  power  than  could  he  otherwise  accomplished. '  Gold  bam  do  not 
require  to  he  eo  treated,  they  being  rolled  out  while  cold  with  great  ease,  to  the 
thinness  of  a  half-sovereign,  without  the  least  symptom  of  cracking ;  this  u 
easily  accounted  for  by  the  difTerence  in  the  constituent  particles  of  the  two 
metals — gold  and  silver.  The  rolling  mill  is  nut  in  motion  by  a  powerful 
steam-engine,  which,  by  a  judicious  and  beautiful  arrangement  of  mechanism, 
causes  two  rollers  to  revolve  in  opposite  directions,  and  Uien  their  adjacent  lur- 
faces  will  move  together,  between  which  the  silver  to  be  rolled,  or  flattened,  is 
introduced.  Connected  with  the  mill  there  is  also  a  gauge,  or  scale,  to  aacei^ 
tain  the  thickness  of  (he  plates  which  have  undergone  extension  by  meani  of 
the  rollers.  It  cousisls  of  two  steel  rulers  fixed  fast  together  at  one  end,  the 
other  end  being  a  certain  distance  asunder,  forming  an  opening  between  them 
gradually  diminishing  to  nothing ;  the  sides  of  the  rulers  are  divided,  and  in 
using,  to  determine  the  thickness  of  a  niece  of  plaie,  the  edge  of  the  metal  is 
applied  to  the  opening  between  the  rollers,  and  the  engraved  divisions  ahow  the 
distance  it  will  go  into  the  opening  before  fitting  tight.  After  the  completion 
of  ibis  process,  it  becomes  necessary  that  the  metal  should  be  cut  into  unifonB 
slips,  of  a  convenient  width  for  cutting  out  the  circular  pieces  or  blanks,  wbicb 
are  to  form  the  coin  i  this  width  being  generally  that  of  two  crowns,  two  half- 
crowns,  and  two  shillings.  This  is  accomplished  with  accuracy  and  p 
by  passing  the  metal  between  two  cutter- 
wheels,  as  exemplified  in  the  annexed  illus- 
tration. A  and  B  are  the  circular  cutters, 
the  edges  of  which  lie  in  close  contact  late- 
rally, and  overlap  each  other  a  little;  they 
are  turned  very  truly  circular,  and  are,  on 
the  whole,  constructed  with  great  care  and 
nicely.  The  edge*  are  formed  of  hardcne<l 
steel,  and  whilst  revolving,  if  the  edge  of 
any  piece  of  metal  be  presented  to  them,  It 
will  be  cut,  or  divided,  iti  the  same  manner 
as  by  a  i)air  of  shears.  C  is  a  narrow  shelf, 
upon  which  the  plate  is  supported  when  pushed  forward  to  be  cut ;  and  D  is    ^ 
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guide,  fixed  upon  the  snclf,  against  which  the  edge  of  the  plate  of  methl  is 
applied  whilst  it  is  moved  forward  to  the  circular  cutters,  and  which,  by  being 
movable,  determines,  by  the  distance  which  it  stands  back  from  the  cutting 
edges,  or  line  of  contact  of  the  cutters,  the  precise  breadth  of  the  slip  of  metu 
which  will  be  cut  off.  To  ^ve  these  slips  of  metal  the  exact  thickness  requisite 
before  being  cut  into  blanks,  they  are  subject  to  a  more  delicate  rolling,  or  are 
drawn  between  dies,  by  an  ingenious  and  efficacious  modification  of  the  great 
rollers,  invented  by  Mr.  Barton,  the  present  comptroller  of  the  mint. 

Mr.  Barton  has,  likewise,  brought  into  successful  operation  a  new  machine 
for  drawing  the  metal  between  dies,  in  a  similar  manner  to  that  in  which  wire 
drawing  is  accomplished,  by  which  a  greater  degree  of  accuracy  and  uniformity 
is  obtained  in  the  thickness  of  the  metal.  It  is,  however,  necessary,  before  this 
operation  can  be  accomplished,  that  the  ends  of  the  slips  of  metal  should  be 
thinned,  that  they  may  enter,  with  ease,  the  drawing,  or  elongating  apparatus; 
for  which  purpose  thev  are  passed  between  rollers,  the  construction  of  which 
the  annexed  figure  will  explain.  A  is  the  upper  rolleri  B  the  lower,  which  has 
three  flat  sides;  C  is  the  piece  of  metal  placed  between 
the  rollers ;  D  is  a  stop,  adjustable  in  the  line  of  the 
motion  of  the  slip  of  metal  C,  which  is  presented  to 
the  rollers  when  they  are  in  such  a  position  that  one 
of  the  flat  sides  of  the  lower  roller  is  opposite  the 
upper,  then  the  piece  of  metal  can  be  pushed 
forward  between  the  two  until  prevented  by  the 
stop  D ;  as  the  rollers  then  revolve,  and  the  flat 
side  passes  by,  the  cylindrical  parts  will  take  the 
metal  between  them,  and  roll  it  thinner  at  the  end 
which  is  between  the  stops  and  the  point  of  contact 
of  the  rollers.     This  thin  portion  of  the  slip  of 

metal  is  then  introduced  between  the  dies,  which  are  two  steel  cylinders  made 
very  hard  and  true.     These  dies  are  attached  to  one  extremity  of  the  drawing, 
or  elongating  machine,  which  is  provided  with  endless  chains,  to  which  are 
attached  tongs  similar  to  those  used  in  wire-drawing,  which  grasp  the  metal 
slip  with  ^reat  force,  drawing  it  through  the  dies  as  the  endless  chain  performs 
its  revolution.     This  machine,  although  important  in  its  result,  and  apparently 
exercising  a  great  power  of  action,  is,  with  but  little  labour,  rendered  available 
for  the  purpose  for  which  it  was  intended,  by  the  trifling  muscular  energy  exer- 
cised by  two  boys,  who  conduct  its  operations.     At  the  mint  there  are  two  of 
these  machines^  by  means  of  which  the  pieces  of  metal  are  brought  more  nearly 
to  the  standard  weight,  which  is  an  object  of  considerable  importance. 

The  next  process  to  which  the  silver  slips  are  subjected,  is  accurately  and 
efficiently  performed  by  Mr.  Bolton's  cutting-out  press,  for  which  he  obtained  a 
Intent  in  1790.     This  press  differiB  not  materially  from  those  in  use  at  most 
foundries.     Twelve  of  them  are  at  the  Royal  Mint,  arranged  in  a  circle  around 
aWge  wheel,  which  is  turned  by  a  steam  engine,  and  has  a  fly-wheel  fixed  on 
the  lanie  axis,  just  above  the  wheel,  to  regulate  the  motion,  the  whole  presenting 
A  I^easine  and  commodious  arrangement  of  machinery.     The  rouna  pieces  of 
^Iver,  or  blanks,  are,  after  being  cut  out  by  the  Bolton  press,  carried  to  the 
siang-room,  where  each  individual  piece  is  adjusted  to  its  standard  weight. 
Ihelight  pieces  are  selected  for  remelting,  and  the  heavy  ones  (if  not  consider- 
ahly  beyond  weight)  are  reduced  to  their  standard  weight  by  rasping  their  sur- 
faces with  a  rasp,  or  file.  ITie  accuracy  and  efficiency  of  Mr.  Barton's  machine 
for  drawing  the  metal  between  dies,  has  considerably  abridged  the  labour  of  this 
uielegant  and  unmechanical  process.    The  pieces  thus  adjusted  are  in  a  state  of 
^n\  hardness  firom  compression  by  the  rolling  and  drawing  processes,  and  by 
*nich,  in  fact,  a  great  portion  of  their  latent  heat  ha:s  been  squeezed  out.  They 
J*4in  their  softness  again  by  being  heated  to  a  cherry  red,  m  a  reverberatory 
^^"^^^id ;  after  which  they  are  boiled  in  dilute  sulphuric  acid,  which  makes  them 
^•^^y  clean,  and  of  a  white  colour.     When  dried  either  in  warm  saw- dust,  or 
V^^  ^'cfy  slow  fire,  they  are  in  a  fit  state  for  the  two  next  processes,  which  are 
"»c  milUiig,  and  the  coining,  or  stamping. 
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The  operation  of  milling  is  performed  round  the  edges  of  the  pieces  of  money 
io  prevent  their  being  clipped  or  filed,  vrhich  was  a  fraud  commonly  practiseci 
upon  the  ancient  money,  made  before  the  introduction  of  milling  or  lettering 
round  the  edges.  The  construction  of  the  milling  machine  is  simple,  but  efficacious. 
It  consists  of  two  rulers,  or  steel  bars,  which  are  accurately  cut,  or  fluted,  and, 
by  the  aid  of  a  simple  combination  of  mechanical  contrivances,  so  placed  that 
^though  the  lower  one  is  immovable,  the  upper  has  a  horizontal  motion,  carry- 
ing the  piece  of  money  with  it,  which  is  placed  edgeways  between  the  two,  the 
grooves,  or  flutes,  in  the  steel  bars,  forming  corresponding  indentationa  and 
elevations,  on  the  edge  of  tlie  coin. 

The  next,  and  last  operation,  which  remains  to  be  performed  to  complete 
the  process,  is  that  of  stamping  the  effigy,  or  impression,  upon  the  hitnerto 
blank  pieces  of  silver.  This  is  accomplished  by  the  coining  press,  of  which 
there  are  eight  in  the  Royal  Mint.  They  are  worked  by  a  steam  engine,  which 
communicates  its  power  from  an  adjoining  room,  by  means  of  connecting 
mechanical  arrangements.  Both  sides  of  the  piece  of  money  are  stamped  by 
one  stroke  of  the  press.  The  blank  piece  of  metal  being  placed  flat  upon  the 
lower  die,  which  is  immovable,  is  then  forcibly  struck  by  the  upper  die,  which, 
at  one  stroke,  produces  the  impression.  The  piece  of  blank  coin  is  contained 
within  a  steel  ring,  or  collar,  whilst  being  stamped,  which  preserves  its  circular 
fic;ure.  There  is,  likewise,  connected  with  this  machine,  a  beautiful  arrangement 
of  mechanical  power,  by  which,  when  one  piece  of  metal  is  struck  it  will  be 
removed  and  replaced  by  another.  This  is  accomplished  through  the  agency  of 
the  same  power  which  puts  the  press  in  action,  and  consists  of  an  arrangement 
of  levers  and  other  mechanical  contrivances. 

The  process  of  coining  is  now  accomplished.  Throughout  this  short  notice 
we  have  mentioned  silver  as  the  metal  coined  into  money  by  the  beautiful  and 
efficient  machinery  to  which  we  have  directed  the  attention  of  our  readers ; 
and,  by  so  doing,  we  have  embraced  almost  every  process  to  which  the  other 
metals  used  for  the  same  purpose  are  subjected ;  the  operation,  in  every  case, 
being,  with  a  few  trifling  exceptions,  tlic  same.  We  may  now  truly  aay  that 
the  art  of  coining  has  arrivea  at  that  degree  of  perfection,  that  its  farther 
improvement  has  ceased  to  be  the  object  of  national  importance,  which,  in 
earlier  ages,  it  must  have  appeared.  But  still  there  cannot  be  a  doubt,  tliat, 
considering  the  rapid  strides  which  the  physical  sciences  are  making  towards 
perfection,  many  years  will  not  elapse  before  we  may  look  back  upon  aome  of 
those  combinations  of  mechanical  skill  and  ingenuity  which  we  have  been  aocns- 
tomed  to  consider  as  preeminently  excellent,  as  things  which  have  been,  having 
given  way  to  more  perfect  efforts,  which,  in  their  turn,  may,  perhaps,  upon  the 
discovery  of  some  entirely  new  moving  power,  be  considered  cumbrous  and 
unskilful  efibrts  of  human  industry. 

MIRROR.  A  surface  of  polished  metal,  or  of  glass,  silvered  on  its  posterior 
side,  capable  of  reflecting  the  rays  of  light  from  objects  placed  before  it,  and 
exhibiting  their  image.  There  are  three  classes  of  mirrors,  distinguishaUe  by 
their  reflecting  surfaces ;  namely,  plane,  concave,  and  convex.  The  reflection 
of  light  by  mirrors  observes  the  invariable  law,  that  the  angle  which  the  inci- 
dent rays  make  with  the  reflecting  surface  is  equal  to  the  angle  of  reflection. 

MOORINGS  are  an  assemblage  of  anchors,  chains,  and  bridles,  laid  athwart 
the  bottom  of  a  river  or  harbour,  to  ride  the  shipping  therein.  These  anchors 
have  generally  but  one  fluke,  which  is  sunk  in  the  river  near  low-water  mark. 
Two  anchors,  being  thus  fixed  on  the  opposite  sides  of  the  river,  are  furnished 
with  a  chain  extending  across,  from  one  to  the  other ;  in  the  middle  of  which 
is  a  large  square  link,  whose  lower  end  terminates  in  a  swivel,  to  which  axe 
attached  the  bridles,  which  are  short  pieces  of  cables  well  served,  whose  upper 
ends  are  drawn  into  the  ship,  and  secured  to  the  bits,  &c.  By  these  means  the 
vessel  veers  round  easily,  according  to  the  change  of  the  wind  or  the  tide ;  in 
some  places,  however,  particularly  on  rivers,  each  ship  takes  in  a  bridle  astern, 
also,  by  which  she  becomes  moored  head  and  stem. 

MORTAR.     A  cement  made  of  lime,  sand  and  water.     See  Limb. 
MORTAR.    A  strong  hollow  instrument,  usually  made  of  marble.  Wedge- 


fawd  or  brittle  nibttancet  t 


wood  ware,  or  metal,  in 
pcrcoMion  or  grin^ng  with  Raother 

partake  ri  the  shape  of  an  inverted  bell,  but  their  form,  capacity,  and  wUdi^, 
M  well  aa  the  malerial  of  which  tbey  are  made,  rary  with  the  object  for 
which  they  are  mainly  designed.  Thui,  they  may  be  purchiued  ready  made, 
bom  ao  inch  to  eighteen  inchea,  internal  diameter,  Tarylng  in  weight,  from  an 
ooDce  or  two,  to  Mveral  hundredweight  Large  mortan  are  uiually  fixed 
upon  a  Uock  of  wood,  of  auch  a  height,  that  the  mtntar  may  be  lerel  with  the 
inidtlle  of  the  operator.  When  the  pe«tle  ii  Urge  and  heavy,  it  ia  lometimea 
■mpendDd  by  B  cord  or  chain,  attached  to  a  moveable  pole  placed  horitontaDy 
•bene  the  mottar;  tliii  polo  coniiderahly  relievei  the  operator,  owing  to  itt 


•»fi 


y  aaditiiig  the  railing  of  the  peitle. 
In  the  aunned  diagiam  u  repreiented  a  plan  for  econominog  the  labour  of 
jMOtidiiig  and  aifting,  which  bw  been  recommended  by  a  peraon  of  practical 
expRHDce  in  thoae  operalioni.  «  and  b  are  two  farge  mortan,  containing  the 
nateiial  to  be  reduced ;  e  and  J  are  the  pntlei,  wi£  their  roda ;  e  and  /  are 
twolerenmpendedattlieirfidcnunita  a  (imple  frame  to  the  ceiling,  connected 


U  DM  end  by  Joiuti  to  the  endi  of  the 

aaiilar  manner,  to  deicending  rodi  attai 

^  ilteinately  by  the  man  in  the  centre  (tepping  from  c 

wMr.    In  thia  manner  a  force  of  ISO  Ibi.  is  applied  ti 

WernDu  were  in  die  centre.     ___ ._ , 

Mlwre  toatep  tip  high  in  liAinghii  weigbt  Irom  one  treadle  to  the  other,  and 

"        '""    *    "  '        '  ■  ■  '  I  very  considerable, 

re  ahortened,  to  as 


^Ibi.  TUaloMorpower,  intheEnltnaU 
"'^tliepeatlee  being  raiaed  higher  m  the 
*^*°tT>  ud  the  increnad  momentum  with 


make  the  force  about 

ii  however  fiilly  compeneated 

apace  of  time,  or  with  greater 

h  which  they  (alternately)  itnketVift 
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springs  ijy  in  the  ceiling,  is  returned  by  the  action  of  the  latter  Upon  the  sub- 
stances in  the  mortars.  When  one  of  the  pestles  has  struck,  the  man  steps  off 
that  treadle  which  operates  upon  it,  on  to  the  other :  the  long  arm  of  the 
lever  of  the  former  then  descends  by  its  superior  weight,  and  being  jointed 
near  the  extremity,  it  passes  by  the  pin  on  the  rod,  (which  should  have  an  anti- 
friction roller  upon  it,)  by  the  joint  opening,  as  shown  in  dotted  lines,  and  after- 
wards closing,  it  locks  itself  under  the  pin.  In  its  re-ascent  it  then-takes  up 
the  rod  and  pestle,  and  allows  them  to  drop  when  it  has  passed  beyond  the 
sphere  of  its  action,  as  shown  on  the  opposite  side,  where  the  lever  is  exhi- 
bited as  being  just  beyond  the  point  of  contact,  and  the  pestle  is  about  to  return 
to  the  mortar  with  all  its  accumulated  force.  Underneath  each  treadle,  a  strong 
steel  spring  is  fixed,  to  prevent  those  shocks  which  the  man  might  experience 
by  the  treadles  striking  against  the  floor,  after  ^le  levers  have  passed  the  rollers 
on  the  pestle  rods  ;  and  the  reaction  of  these  springs  is  attended  with  the  further 
advantage  of  assisting  the  mto  on  to  the  other  treadle. 

It  is  apparent  that  by  this  method  of  pounding,  a  surplus  of  power,  amount- 
ing to  about  70  lbs.  is  devoted  to  the  giving  an  accelerated  force  to  the  pestletb 
If  we  then  take  away  a  small  portion  of  this  surplus  power  for  the  purpose  of 
siting,  it  may  so  well  be  spared,  as  to  make  a  scarcely  perceptible  difference  in 
the  impelling  force  to  the  pestles.     There  are  several  obvious  modes  of  causing 
sieves  to  nbrate  by  this  apparatus.     Accordingly  there  may  be  placed  a  large 
semicircular  sieve  on  a  floor,  with  cords  attached  to  each  extremity  or  corner, 
which  being  made  fast  to  the  ends  of  the  lever,  cause  it  to  rock,  as  they  are 
alternately  raised  or  depressed.     In  the  drawing,  the  sieve  is  shown  as  moving 
upon  a  central  bearing  or  pivot ;  this  is,  however,  only  another  mode  of  pro- 
ducing the  effect.     The  sieve  is  composed  of  two  parts ;  viz.  ^,  which  contains 
the  material  to  be  sifled,  and  /,  the  receptacle  for  the  resulting  product  or 
powder.     The  situation  of  this  sieve  between  the  two  mortars,  for  receiving 
their  contents  alternately,  will  be  found  convenient     It  should  be  placed  at  a 
suitable  distance  behind  or  before  the  man  at  work ;  a  rod  should  therefore  be 
fixed  to  the  end  of  each  lever,  at  right  angles  with  them,  but  in  an  horizontal 
position,  which  it  would  always  maintain ;  and  a  long  range  of  sieves,  separate 
or  connected,  may  be  moved  by  the  same  means,  according  to  the  length  of 
the  horizontal  rod.     In  the  foregoing  drawing,  many  of  the  subordinate  parts, 
which  every  engineer  knows  how  to  supply,  are  omitted  to  avoid  complexity. 

MORTAR.  A  piece  of  artillery,  snorter  and  wider  than  a  cannon,  and 
having  a  powder  chamber  less  than  the  size  of  its  bore ;  it  is  used  to  throw 
bombs  and  shells  into  fortified  places. 

MOSAIC  GOLD.     See  Aurum  Musivum. 

MOSAIC  WORK.  An  assemblage  of  little  pieces  of  glass,  marble,  precious 
stones,  &c.  of  various  colours,  cut  to  a  determined  pattern  or  design,  and 
cemented  on  a  ground  of  stucco,  in  such  a  manner  as  to  imitate  painting.  See 
Marquetry. 

MOTHER  OF  P£ARL,  is  that  beautiful  natural  white  enamel,  which  forms 
the  greater  part  of  the  substance  of  the  oyster  shell,  particularly  the  pearl 
oyster.  It  is  found  to  consist  of  alternate  layers  of  coagulated  albumen,  and 
carbonate  of  lime. 

MOTHER-WATER,  is  the  uncrystallizable  residue  of  a  compound  saline 
solution ;  thus  the  liquor  lefl  in  a  salt  pan,  after  the  salt  is  taken  out,  is  the 
mother-water. 

MOULD.  A  general  term  applied  to  a  great  variety  of  implements 
employed  in  the  mechanic  arts.  Thus  with  a  shipwright,  a  mould  sismifies  a 
thin  flexible  piece  of  wood,  on  which  the  required  curves  of  the  tinibers  are 
truly  cut  out.  Moulds,  in  the  manufacture  of  paper,  are  the  frames  in  which 
the  sheets  of  paper  are  moulded ;  see  Paper  Manufacture.  BttUet  mtmlibf 
are  similar  to  uron  pincers  in  their  handles  and  joint,  but  the  jaws  are  solid, 
each  coniaming  a  nemispherical  concavity,  which,  when  closed  together,  form 
an  entire  sphere,  leaving  a  small  hole  or  jet  through  which  the  melted  lead  is 
conveyed.  GUaien*  moulds  are  of  several  forms,  for  casting  the  strips  of  lead, 
which  are  afterwards  drawn  through  their  vice.     Candle  moulds  are  used  by  th« 
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tallow-^haiidlers,  for  casting  their  mould  candles  in.  The  term  mould  is  indeed 
of  such  general  application  to  patterns  for  working  by,  and  to  various  tools  con- 
taining hollow  cavities,  either  for  casting  in  or  producing  various  forms  by  per- 
cussion or  compression. 

MOULDINGS.  Any  thing  that  has  been  cast  in  a  mould,  or  has  that 
appearance ;  in  architecture,  the  term  is  applied  to  the  ornamental  projections 
from  a  wall  or  column,  &c. 

MOWING  MACHINE.  An  agricultural  implement,  designed  to  supersede 
the  use  of  scythes  by  hand.  Many  have  been  made  at  different  times,  but  the 
difficulty  of  adapting  them  to  the  ordinary  unevenness  of  the  surface  of  the 
fields,  has,  we  believe,  caused  their  general  abandonment ;  but  it  is  not  impro- 
bable they  will  ultimately  be  brought  into  use  in  many  situations.  In  a  model 
of  one  of  these  machines,  which  is  placed  before  us,  a  circular  knife  or  knives 
are  attached  to  the  periphery  of  a  wheel,  which  revolves  horizontally  between 
the  running  wheeb  of  a  lieht  carriage ;  the  axis  of  the  running  wheels  com- 
jnonicating  the  motion  to  the  horizontal  cutting  wheel,  through  the  medium  of 
lieveUed  gear.  The  height  of  the  cutting  wheel  from  the  ground  is  regulated 
ty  means  of  a  lever  and  weight ;  and  the  machine  is  forcea  forward  by  a  horse 
^oked  behind  it  For  mowing  grass  plots,  a  beautiful  machine  has  been 
invented  and  matured  by  Mr.  Budding.  See  Grass  in  the  work ;  also  a 
model  of  the  machine  in  the  Museum  of  the  Mechanical  Arts,  in  Leicester- 
square. 

MUCIC  ACID.  This  acid  has  generally  been  known  by  tho  name  of 
MoceholactiCf  because  it  was  first  obtained  from  sugar  of  milk,  but  all  the  gums 
Appear  to  afford  it  readily. 

MUCILAGE.  A  general  term,  denoting  any  viscid  or  glutinous  liquid ; 
"kmt  chemically  speaking,  it  is  understood  to  apply  only  to  an  aqueous  solution 
of  gum,  or  mucilaginous  extract  of  vegetables. 

MUFFLE.  A  vessel  employed  in  metalliurgic  operations.  In  figure  it 
vrpresents  an  oblong  arch  or  vault,  the  hinder  part  of  which  is  closed  by  a  semi- 
^rcular  plane,  and  the  lower  part,  or  jfloor,  is  a  rectangular  plane.  It  is  a  little 
oven,  that  is  placed  horizontally  in  assay  and  enamelling  furnaces,  so  that  its 
«ipen  side  corresponds  with  the  door  of  Uie  fire-place.  Under  this  arched  oven, 
^mall  cupels  or  crucibles  are  placed ;  and  the  substances  contained  are  thus 
^oposed  to  intense  heat,  without  contact  of  fuel,  smoke  or  ashes. 

MULE.     A  machine  employed  in  spinning  cotton  and  other  fibrous  mate- 

nds.     It  was  invented  by  Crompton,  in  1779,  and  was  found  to  produce  finer 

yam  than  was  spun  by  the  machine  previously  in  use.     For  producing  fine 

Ureads,  a  process  analogous  to  that  performed  with  carded  cotton,  upon  a  com- 

'^on  spinning  wheel,  and  called  $tretching^  is  resorted  to.     In  this  operation, 

^rtions  of  yam,  several  yards  long,  are  forcibly  stretched  in  the  direction  of 

tteir  length,  with  a  view  to  elongate  and  reduce  those  parts  of  the  yarn  which 

liave  a  greater  diameter,  and  are  less  twisted  than  the  other  parts,  so  that  the 

%ize  and  twist  of  the  thread  may  become  uniform  throughout.     To  effect  the 

larocess  of  stretching,  the  spindles  are  mounted  upon  a  carriage,  which  is  moved 

fftickwards  or  forwards  across  the  floor,  receding  when  the  threads  are  to  be 

stretched,  and  returning  when  they  are  to  be  wound  up.    The  yam  produced  by 

mill  spinning  is  more  perfect  than  any  other,  and  is  employed  m  the  fabrication 

of  the  finest  articles.     The  sewing  thread,  spun  by  mules,  is  a  combination  of 

two,  four,  or  six  threads.     Threacu  have  been  produced  of  such  fineness,  that 

i^  pound  of  cotton  has  been  calculated  to  reach  167  miles.     See  Cotton  and 

MULLER.  A  tool  employed  for  holding  or  grinding  substances  upon  a 
itone.  The  glass-grinders  thus  call  the  instrument  used  for  grinding  their 
lUnes,  which  consists  of  a  round  piece  of  wood^  about  six  inches  long,  to  one 
nd  of  which  is  cemented  the  glass  to  be  ground,  whether  convex  in  a  basin,  or 
concave  in  a  sphere.  For  grinding  colours,  the  muller  is  of  stone,  and  is 
^ifosUy  employed  upon  a  flat  slab  of  stone ;  as  may  be  seen  in  most  painters' 
^  colourmen's  shops.  An  improvement  upon  this  plan  was,  however,  intro- 
^«e«d  by  Mr.  RawUDSon,  for  which  the  Society  of  Arts  awarded  Mm  iViett 
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silver  medal.  As  this  machine  is  said  to  have  been  proved,  by  many  years' 
ezperiencei  to  be  more  effectual  and  expeditious  in  grinding  colour  to  that 
extreme  fineness  required  by. artists,  and  to  be  less  prejudicial  to  the  health  of 
the  workman,  we  shall  here  add  a  description  of  it. 

The  machine  consists  of  a  short  cylmder  of  black  marble,  16|  inches  in 
diameter,  and  4|  in  thi^ckness,  turned  vertically  on  its  axis  by  means  of  a  winch. 
A  concave  piece  of  marble  is  provided,  of  the  same  breadth  as  the  ciieular 
stone,  and  forming  a  segment  of  the  same  circle,  one-third  of  the  circumference 
in  extent ;  this  segment,  which  may  be  considered  as  the  muller,  is  fitted  into 
a  solid  piece  of  wood  of  a  similar  shape,  one  end  of  which  is  secured  by  a  hinge, 
or  otherwise,  to  the  frame ;  the  other  end  rising  over  the  circular  stone,  and 
supported  by  it,  is  further  pressed  down  on  it  by  a  long  spring  bent  over  from 
the  opposite  extremity  of  the  stand,  and  regulated  as  to  its  pressure  by  a  screw, 
whose  end  turns  against  the  concave  muller.  A  slight  frame  of  iron  in  front, 
moveable  on  a  hinge,  supports  a  scraper,  formed  out  of  a  piece  of  watch- 
spring,  which  takes  off*  the  colour,  and  is  turned  back  out  of  the  way  when  not 
in  use. 

MURIATIC  ACID.     See  Acid,  Muriatic. 

MUSK.   A  strong  perfume,  obtained  from  an  animal  of  that  name. 

MUSK£T.     The  nre-arm  of  the  common  soldier. 

MUSKETOON.     A  short  thick  kind  of  musket ;  also  called  a  blunderbuss. 

MUSLIN.  A  fine  sort  of  cotton  cloth,  first  imported  from  India,  but  now 
for  the  most  part  manufactured  in  this  country- 

MUST.    The  unfermented  juice  of  the  grape. 

MYRRH.  A  gummy,  resinous,  concrete  juice,  which  issues  by  incision,  and 
sometimes  spontaneously,  from  the  trunk  and  large  branches  of  a  tree,  growing 
in  Arabia,  and  Egypt,  especially  in  Abyssinia.  It  consists  of  one-third 
and  two-thirds  gum. 
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NAILS  are  small  spikes  or  pegs  of  metal,  usually  of  iron,  extensively  iis«l 
in  building,  and  generally  in  the  constructive  arts.  From  the  immense  quan- 
tities of  nails  made  in  this  country,  the  manufacture  may  be  deemed  one  oi 
first-rate  importance ;  for,  in  the  neighbourhood  of  Birmingham  alone^  upwards 
of  60,000  persons,  men,  women,  and  children,  are  occupiea  in  their  production ; 
and  many  of  the  iron- works  in  the  same  district  furnish  from  100  to  200  tons 
weekly  of  **  split-rods,"  of  the  various  sizes  and  qualities  required  in  the  "»fl^?ng 
of  the  nails  (see  Iron).  The  workmen  who  forge  the  nails  are  called  "nailocs;^ 
women,  boys,  and  girls,  are  likewise  employed  in  the  same  kind  of  work ;  siid 
it  is  very  common  to  see  a  whole  family  working  together.  Each  individual 
usually  confines  himself,  or  herself,  to  a  certain  peculiar  class  of  nails,  who^  conse- 
quently, acquires  a  great  degree  of  expertness  and  celerity  in  their  production, 
not  to  be  equalled  by  those  nailers  who  have  been  habituated  to  forge  other  kinds. 

Under  tne  article  Foaos  we  have  given  a  drawing  and  a  descripticm  of  a 
nailer's  forge  of  the  most  improved  description ;  we  have,  therefore^  onW  ta 
notice  the  other  tools  employed  in  the  art  These  are,  a  small  steel  anvil,  wnioh 
is  inserted  in  a  massive  block  of  cast-iron ;  and  this  latter  is  usually  imbedded 
in  slack,  so  that  the  steel  anvil  only  is  seen.  The  hammers  used  are,  of  oouess» 
proportioned  in  weight  to  the  size  of  the  nail,  and  the  shapes  vary  eonsidenfaly, 
according  to  the  ideas  of  the  workmen ;  but  they  are  usually  the  frustrums  of 
cones,  the  smaller  ends  of  which  constitute  their  faces ;  the  planes  of  whidi  are 
not  parallel  to  the  bandies,  but  inclined  to  them.  A  nailor  keeps  constantly  several 
rods  in  the  fire,  which  he  takes  up  in  succession  as  they  become  hot,  so  as  no! 
to  have  to  wait  for  a  heat.  When  the  shank  of  the  nail  has  been  drawn  out 
to  the  required  form  and  length,  it  u  nearly  cut  off*  the  rod  by  striking  it  over  a 
fixed  chiseli  and  is  then  inserted  into  the  heading  tool,  from  whidi  the  rod  is 
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broken  off;  the  nail  is  then  headed  in  the  tool,  and  turned  out  of  it  b^  turning 
it  upside  down,  and  striking  it  upon  the  anviL  Such  is  the  celerity  with  which 
these  operations  are  performed,  that  there  are  instances  of  nailers  making  as 
manj  as  3000  nails,  of  three  inches  in  length,  in  a  day,  and  continuing  to  work 
«t  this  rate  £ar  many  days  in  succession.  Every  such  nail  requires,  at  the  least, 
twenty-five  blows  of  the  hammer  to  form  it,  besides  two  or  three  blasts  of  the 
bellows ;  nevertheless,  the  work  proceeds  at  the  rate  of  three  or  four  per 
minute! 

In  contemporary  publications  (the  Lomdon  and  BrUiih  CydopttdUu)  we  observe 
it  is  stated,  that  ihe/orged  wrought-iron  naib  we  have  been  speaking  of  have  been 
superseded  by  the  introduction  of  those  made  by  pressure  and  percussion  in 
machines.  But  this  statement  is  extremely  incorrect,  as  every  person  acquainted 
with  this  department  of  art  well  knows.  The  fact  is,  we  believe,  that  the  forged 
nail  manufacture  has  considerably  increased,  notwithstanding;  there  is  a  very  great 
demand  for  the  cut  or  pressed  nails,  which  are  preferred  m  some  few  depart- 
ments of  art,  on  account  of  their  uniformity,  and  their  square  points ;  and  in 
some  others,  by  reason  of  their  greater  cheapness  than  forged  nails.  It  should 
be  understood  that  there  are  three  leading  distinctions  of  iron  nails,  as  respects 
the  state  of  the  metal  from  which  they  are  prenared ;  namely — 

1.  Wrought,  or  forged  iron  nails,  being  worked  out  entirely  by  the  hammer 
from  rods,  or  bars. 

2.  Cut,  or  pressed  iron  nails,  which  are  stamped,  or  pressed,  out  of  strips  of 
plate-iron. 

3.  Catt  iron  nails,  in  which  the  metal  is  melted,  and  cast  in  forms  of  the 
precise  shape  of  the  nails  made. 

Foreed  nails  are  made  of  three  distinct  qualities  of  iron,  that  is,  more  or  less 
refined,  or  tough,  according  to  the  purposes  for  which  they  are  designed.     The 
very  best  quality  is  employed  for  horse-shoe  nails,  to  admit  of  their  being  drawn 
out  very  fine,  and  prevent  their  breaking  in  the  hooC     Wheelwright's  nails» 
which  are  forcibly  nailed  against  the  iron  tire,  and  the  clouts,  also  require  the 
metal  to  be  very  tough.     In  like  manner,  hurdle-nails  reauire  good  iron,  that 
the  points  may  clench  soundly,  and  their  broad  heads  not  be  broken  off.    The 
finer  or  smaller  kinds  of  nails,  beine  much  drawn  under  the  hammer,  must  also 
be  of  good  iron ;    and,  indeed,  aU  such  where  great  stability  is  of  essential 
iniMrtance.     It  would,  probably,  be  good  nolicy  in  the  consumer  to  have  aU 
BsOs  made  of  at  least  the  second  best,  or  medium  quality  of  iron ;  but  the  ereat 
oompetidon  by  the  manufacturers  to  render  them  as  cheap  as  possible,  leads  to 
tlit  emplovment  of  a  very  inferior  quality  of  nail  rods  tor  making  the  majo- 
rity of  naiU,  of  which  immense  quantities  are  always  in  demand  for  the  home 
tnde,  as  well  as  for  exportation  to  all  parts  of  the  world. 

0/  the  wrought,  or  forged  iron  nails,  there  are  about  300  sorts,  the  forms  of 
vhich  are  known  to  the  trade  bv  certain  specific  names,  which,  for  the  most 
put,  express  the  uses  to  which  they  are  applied ;  as  hurdle,  pail,  deck,  scupper,. 
*fip,  ftc ;  but  there  are  others  whose  applications  are  so  general  that  they  are 
(iatiBguished  by  certain  technical  names,  expressive  of  their  form ;  thus — 
^^  cUup,  diamomd,  &c.,  explain  the  form  of  tlieir  heads,  aadjlal,  sharp,  spear, 
&t.  thdr  points.  The  thickness  of  any  specified  form  is  expressed  by  the  terms 
M  iadardf  strong.  The  length  of  some  kinds  of  nails  is  directly  expressed  by 
to  lineal  measure ;  but  thebr  length  is  more  usually  comprehenoed  b^  the 
BQabor  of  pounds  or  ounces  a  thousand  of  them  weigh.  Thus  the  simple 
^mination  "  7  lb.  rose,"  implies  a  rose-headed  nail  with  a  sharp  pointy 
itiglhing  about  7  lbs.  to  the  thousand,  and  measuring  about  1 1  inch  in  len^h^ 
Ksv  rose  nails  sate  made  from  1)  to  40  lbs.  per  thousand ;  in  all,  about  thirty 
^ftrmt  sties ;  and  taking  the  various  sizes  of  other  nails  (which  are  not  so 
lUMniis),  we  may  compute  the  average  number  of  nzet  of  each  sort  at  10, 
vlibh,  multiplied  by  300,  the  number  of  sorts  before  mentioned,  makes  300a 
^iitioetive  names  to  nails,  dl  of  which  are  immediately  and  precisely  understood 
^  pciions  engaged  in  the  trade.  The  terms  employed  by  retailers,  of  fourpenny,. 
"(xiwiyy  tenpenny,  &c.,  are  verr  undefined  as  respects  the  kind,  as  well  as  the 
Mm  iiB^  tJMie  Taiying  with  the  locality  whereinthey  are  sold.  To  enter  lata 
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a  detailed  description  of  all  the  varieties  we  have  named  would  be  tediona  tnil 
uninteresting  to  the  generality  of  resders;  but  impressed  with  the  uniTenal 
utility  of  mare  information  than  we  have  already  given,  we  ihaU  proc««d  to 
B  very  condensed  and  systematic  view  of  iheir  peculiarities  and  uaes. 

It  having  been  explained  bow  the  various  sizes  and  thickneHei  are  distin- 
guished, it  will  only  be  necessary  to  show  the  principal  distinguishing  fonni, 
without  regard  to  actual  dimension;.  For  convenience,  therefore,  the  Hvenl 
kinds  delineated  in  the  following  engravings  are  repreietited  as  of  one  bIm; 
■nd  the  words  printed  above  and  under  each,  are  their  proper  names. 


The  first  described  kind,  roie-iharp,  are  very  extensively,  and  almoat  unirer- 
idly,  used  for  coopering,  fencing,  and  a  great  variety  of  coarse  purposes,  in 
which  hard  wood,  such  as  oak  and  beech,  are  used.  There  is,  however,  « 
thinner  sort,  called  fne-rote,  of  which  prodigious  quantities  are  sent  to  Canada 
and  other  parts,  which  arc  used  in  pine  acid  other  soft  woods,  their  broad 
spreading  heads  being  calculated  to  hold  the  work  down.  The  rose,  with  flat 
or  chisel  points,  are  employed  in  preference  to  the  sharp,  where  the  wood  is  in 
danger  of  being  split  by  the  dnving  in  of  the  sharp  points,  which  act  aa 
wei^es,  while  those  with  flat  points  being  driven  with  their  edges  across  tiie 
grain,  prevent  the  splitting  effect,  and  hold  faster.  For  these  reasons  spikes  are 
imiformly  made  with  flat  points,  from  4  to  12  inches  in  length,  unless  ordered 
to  the  contrary,  for  the  Brazil  market,  01  other  parts  of  the  world,  where  they 
may  be  required  for  much  harder  woods  than  any  of  our  own  country. 

Of  the  third  sort,  clatp,  there  are  three  dislinct  ibicknessra, — fine,  bastard, 
and  strong ;  and  of  each  numerous  sizes.  These  nails  are  (hose  commonly  used 
by  the  London  and  other  house-carpenten,  in  deal  and  siniilaT  woods ;  their 
beads  are  made  projecting  downwards,  so  that  when  they  are  driven  home 
flush,  their  heads  stick  into  the  wood  and  clasp  it  together,  thus  checking,  to  a 
certain  extent,  any  disposition  in  the  wood  to  split  open  \  their  heads  are,  in 
smooth  work,  driven  below  the  surface,  so  as  afterwards  to  admit  a  plane  CFVer 

Of  the  fourth  sort,  elout,  there  are,  also,  three  thicknesses  of  the  form  of  tbat 
•hown ;  namely,  fine,  bastard,  and  strong;  besides  numerous  sizes.  They  an 
much  used  for  nailing  iron  work,  and  various  substances  to  wood,:  they  hava  a 
flat  circular  head,  round  shanks,  and  sharp  points- 
There  is,  however,  another  kind  of  clout,  extensively  used  by  wheelwiights 
and  smiths,  called  counUr-ckaU,  the  form  of  which  it  delineated  in  the  nllh 
illustration,  which  shows  that  they  have  counter-sinks  under  their  head*,  and 
chisel  points ;  they  are  usually  made  of  tough  iron,  to  bear  the  battering  they 
receive  in  nailing  down  the  atout  iron  work  for  which  they  are  designed :  tbey 
•re  made  from  I  inch  up  to  4  inches  in  length,  and  of  any  required  tfaiekneo. 
The  sixth  figure  of  the  foregoing  sketches,  is  denominated  jtHs-diw,  in  contr*- 
distjnction  to  i/rono,  or  aieighly-Jog,  the  difference  being  merely  in  their  propof- 
UpDBtethickDew;  these  are  madcfroml]toSinchei1oDg,uidar«tUBdliirmula^:~ 
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purposes  to  the  last-mentioned|  as  well  as  others,  where  the  heads  (which  are 
very  solid,  and  slightly  countersunk,)  are  not  required  to  lie  flush  with  the 
work ;  their  shanks  are  round  drawn,  and  their  points  speared,  which  adapts 
them  for  piercing  and  clenchine  well. 

The  seventh  nail  is  called  AetUrhurdle,  prohahly  from  having  been  first  used 
in  Kent  of  that  peculiar  form :  has  a  broad,  thinnish  rose-head,  a  clean-drawn, 
flat  shank,  a  good  spear-point,  well  adapted  for  nailing  and  clenching  the  oaken 
bars  of  hurdles  together.  There  are  several  kinds  of  hurdle-nails  differing  from 
these,  but  in  points  so  immaterial  as  not  to  reouire  notice  in  this  article.  Go/e- 
naiUf  which  are  nearly  allied  to  them,  are  similar  in  form,  but  are  usually  made 
stouter :  they  are  made  of  various  lengths. 

The  eightn  of  the  foregoing  figures,  rote-clench^  is  a  class  used  for  ship  and 
boat  building,  of  which  there  are  several  varieties,  and  numerous  sizes.  For 
tiie  former  purpose  they  are  much  employed  in  nailing  on  the  wood  sheathing, 
which  is  son,  and  liable  to  split,  unless  bored ;  and  as  the  nails  have  no  points, 
the  ends  being  left  square,  they  punch  out  their  own  holes,  driving  a  por- 
tion of  the  wood  before  them,  hold  very  fast,  and  render  boring  unnecessary. 
For  the  latter  reasons  clench-nails  are  now  extensively  used  in  the  making 
nf  packing-cases  and  boxes,  it  being  found,  by  experience,  that  this  form  holds 
much  firmer  when  driven  in  the  direction  of  tne  grain  of  the  wood,  than 
tapered  or  pointed  nails.  The  term  clench  is,  however,  derived  from  the  mode 
of  employing  them  in  boat- building,  in  whicli  they  are  clenched,  either  by  bat- 
tering down  the  extremity  with  the  hammer,  or,  preferably,  by  placing  over  the 
extremity  a  little  diamond-shaped  plate  of  metal,  as  shown  in  the  drawing,  and 
called  a  rove,  and  riveting  the  end  of  the  clench-nail  down  upon  it,  which 
draws  the  planks,  &c.  of  the  boat  very  firmly  and  durably  together.  We  are 
surprised  that  this  simple,  cheap,  and  admirable  mode  of  fastening,  should  be 
slmost  wholly  confined  to  boat-building. 

Fiff.  9  represents  the  horse-shoe  nails  in  general  use  ;  [formerly  the  heads  were 
made  square,  which  are  now  nearly  disused,  the  preference  to  the  counter-sunk 
Iwing  chiefly  given  on  account  of  their  lying  flush  in  the  groove  made  for  them, 
and  more  securely  attaching  the  shoe  to  the  hoof. 

Fig.  10  represents  one  of  a  large  class  of  very  useful  nails, -called  hrads  ;  they 
are  made  of  various  thicknesses,  according  to  the  strength  of  the  work,  and 
Tsnring  in  length  firom  ^  to  3  inches. 

Deci-spikes  do  not  have  rose-heads,  as  they  would  leave  greater  holes  in  the 
vufwe ;  but  either  a  neat,  square,  flat  head,  that  beds  in  flush  with  the  surface, 
or  a  clasp  or  diamond  head,  as  shown  in  Fig,  3.  Scupper-nails  have  extremely 
liroad  heads  for  fastening  down  the^lead  linings.  Sheathinp-nails,  of  the  ordinary 
kind,  are  stout,  flat,  pointed  nails,  with  clasp  heads.  There  are  also  peculiarly 
formed  nails  for  the  rudders,  the  ribs,  and  various  other  ]>arts  of  ships.  The 
Da3i  used  in  barge-building  are  chiefly  very  broad  and  flat  in  the  shanks,  with 
chisel  points.  Pound-^ails  are  extensively  used  in  Essex,  Suffolk,  and  Norfolk ; 
their  form  will  be  understood  by  reference  to  the  rose-sharp^  which  they  resemble 
in  fonn,  but  are  made  stiffer,  and  with  better  and  more  solid  heads ;  they  are 
excellent  for  coarse,  strong  work,  such  as  field-fencing,  in  oak. 

Tadts  are  also  a  very  numerous  and  useful  class  of  nails ;  they  are  techni- 
cilly  divided  into  rose-tacks,  Flemish-tacks,  and  clout-tacks ;  the  Flemish-tacks, 
Werer,  chiefly  obtain  ;  and  the  heads  of  these  are  "  Flemished,"  that  is,  not 
ftised  so  much  as  a  rose-head,  nor  so  flat  as  a  clout-head.  The  sizes  of  these 
ve  from  an  eighth  to  three-quarters  of  an  inch  in  length ;  or,  as  they  are 
dominated,  from  1  oz.  to  16oz.  per  thousand.  The  chief  place  of  manufac- 
^  for  these,  and  other  very  small  kinds,  is  Bromsgrove,  m  Worcestershire, 
*1>ereit  is  a  common  feat  of  the  work-people  to  forge  a  thousand  (1200)  tacks 
•0  nasSi  as  to  easily  fill  the  barrel  of  an  ordinary  goose-quill,  the  weight  of  the 
^  being  about  20  grains. 

Ve  could  extend  our  description  to  numerous  other  denominations  of 
^^"^  WTought-iron  nails ;  but  as  these,  for  the  most  part,  differ  in  merely 
^ciiential  points  from  those  we  have  explained,  we  shall  next  proceed  to  the 
**»deraiion  of— 
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Catt-ircn  wult.  These,  from  their  great  brittleness,  are  qipUeaUe  to 
comparatively  few  purposes,  such  as  garaen-walls,  the  lathing  of  plasterers, 
coarse  shoes  and  boots,  &c. ;  and  they  are  desirable  for  those  purpotes  merely 
on  account  of  their  great  cheapness.  It  shoidd,  however,  be  obeerred,  that 
cast-iron  nails  are  made  of  three  distinct  qualities,  two  of  which  are  produced 
by  annealinff  processes  subsequent  to  that  of  casting.  In  the  state  the  naib 
come  from  the  moulds,  they  are  so  extremely  brittle  as  to  be  only  applicable  to 
shoes,  and  those  only  of  the  very  small  short  kinds,  called  sparrow-bills.  The 
cast  nails  for  the  use  of  plasterers,  as  well  as  those  for  garden-walls,  and  those 
of  similar  sizes,  undergo  a  process  of  annealing  to  prevent  their  flying  into 
pieces  on  being  driven  by  a  hammer.  The  best  sort  of  cast-iron  nails  are  cafled 
«  malleable  cast-iron,"  from  their  actually  being  rendered  partially  so  by  a  long 
continued  process  of  annealing ;  but  the  metal  used  for  this  purpose  is  very 
pure,  having  been  deprived  of  the  greater  part  of  its  carbon.  It  is,  however, 
only  a  few  sorts  of  small  nails  of  this  kind,  such  as  tacks,  that  have  stood  the 
test  of  experience ;  the  annealing  process  having  the  effect  of  not  merely 
destroying  the  brittle  quality,  but  of  rendering  the  metal  nearly  as  soft  as 
copper,  and,  consequently,  not  sufficiently  stiff*  for  the  purposes  desiraed.  AU 
attempts  to  combine  in  cast  iron  nails  the  properties  of  adequate  stiffness  free 
from  brittleness,  having  failed,  the  manufacture  of  ctif  or  pressed  iron  nails  by 
machinery,  from  sheets  of  wrought  iron,  has  been  resorted  to,  and  it  has  been 
attended  with  considerable  success. 

Cut  or  pressed  iron  ruit/!*.— Sheets  of  rolled  iron,  of  the  thickness  of  the 
intended  nails,  are  cut  into  strips  or  ribands,  that  are  in  width  equal  to  the 
length  of  the  intended  nails ;  bem^  then  held  horizontally,  with  a  flat  side 
upwards,  the  ends  are  pushed  in  a  slide  against  a  regulated  stop,  under  a  cutter, 
fixed  to  a  powerful  lever,  or,  as  is  generaBy  the  case,  to  the  lower  extremity  of 
a  fly-press,  which  cuts  off*  a  portion  constituting  a  brad,  or  nail.  In  making 
brads  or  sprigs,  which  have  no  heads,  and  are  merely  wedge-formed  pins,  the 
strip  of  iron  is  turned  upside  down,  alternately,  at  every  cut,  which  keeps  the 
inclination  of  the  angle  of  the  cut  uniform  throughout  the  length  of  the  strip 
of  iron  without  any  waste.  In  making  brads  with  half-heads,  or  bills,  the  strip 
of  iron  is  kept  with  the  same  side  upwards,  and  the  position  of  the  cutter  u 
alternately  reversed  by  making  a  half  turn  backwards  and  forwards ;  thus  are 
formed  two  bilied-braas  out  of  one  parallelogram.  To  make  this  matter  under- 
stood, we  add  the  annexed  illus- 
tration : — a  represents  a  strip  of  ,j  ^ 
sheet-iron,  which  is  passed  between  ^^^^ 
two  guides  b  h  against  the  stop  c;  ^^ 
the  line  dd  marks  the  direction  of  ^^ 
the  edge  of  the  cutter,  which  may  ^^ 
be  supposed  to  have  descended  ^^ 
and  cut  off*  a  portion  0,  forming  a  ^ 
brad :  it  will  now  be  seen  that  if 

the  strip  a  be  turned  upside  down,  and  pushed  against  the  stop  c,  the  next  por- 
tion/will take  the  place  and  position  of' «,  and,  consequently,  be  cut  off*  by  the 
next  descent  of  the  cutter  dd;  and  thus,  by  repeatedly  turning  the  strip  over 
and  back  again,  and  pushing  it  forward  every  time  with  one  hand,  whde  the 
other  is  occupied  in  working  the  lever  of  a  fly-press,  the  brads  are  formed  with 
preat  rapidity.  It  will  be  seen,  likewise,  on  reference  to  those  lines  marked  g 
m  the  figure,  that  they  represent  two  brads,  with  half- heads,  or  biUs,  which, 
being  placed  in  that  manner,  head  to  point,  it  is  obvious  that,  by  turning  the 
cutter  naif-way  round  alternately,  they  will  be  cut  both  alike,  out  of  one  paral- 
lelogram, as  represented.  Except  for  making  the  larger  kind  of  cut  naiu,  Uie 
strength  of  boys  and  women  is  fully  competent,  who  are,  consequently, 
employed  in  most  manufactories,  each  of  them  working  a  distinct  press ;  and 
headless  nails  are  thus  made  by  each  worker  with  nearly  the  rapidity  and  regu- 
larity of  the  ticking  of  a  watch.  Ingenuity  has,  however,  devised  much  more 
expeditious  modes  of  working,  of  which  the  machine  we  shall  next  deserflie  it 
a  respectable  specin^en.   It  is  a  recent  invention  of  Messrs.  Lediam  and  Joiic% 
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lowiBg  iaf«Tiiation. 
McMn.  LedMci  uid  Jonei  have  given,  in  theii  qmeification,  a  leiiai  of 
Invingi^  ic)>TeMOtuiK  two  different  ibnai  of  their  mschine,  togetbar  with 
mweni  vaiistioiu  id  tbe  detail ;   but  it  bai  been  our  iludy  to  compriM  all  that 
entisl  in  the  following  eleridon  of  their  apparatui,  which,  we  tnut,  will 
,»_i_.i^    by   thu  expbnatioB  : — a  a  in   the  following  engmiog, 


"teil  two  (oat  of  four)  of  the  elandards  to  tho  frame,  the  other  two  bemg 
^^M  ihew,  uid  connected,  in  b  nniilar  way,  by  horizontal  bars,  ai  that 
^  Tbii  frame  ia  fixed,  end  fanna  the  sujiport  of  a  iwinging-fratne  cc,  and  a 
■^•wtal  ihafl  d  d,  which  levolvei  in  heanugi  at  e  e  ;  /  ie  an  eccentric  on  the 
^^  4  regulated  by  a  aciew,  and  adjug  on  a  frame  g,  attached  to  the 
■■npng-hune  e,  which  latter  vibrates  upon  ami  or  liunnione  fth;  a  ii  a  con- 
""^  ni  attached  to  the  crank  on  the  axil  i^  Bad  to  the  «xi«  of  &  &lmA  fKX 
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of  leaves  *  * ;  tliis  axis  move«  vertically  in  a  groove,  as  shown  by  dotted  linat  in 

the  central  cheeks  of  the  swinging-frame ;   the  leaves  *  *  are  connected  by 

hinges  to  the  boxes  /  /,  which  are  supported  by  the  rocking  standards  mm;  these 

boxes  contain  the  inwmg  cutters  nn,  which  are  kept  in  their  places  by  screwi 

(not  shown) ;  on  the  inclined  faces  of  this  gauge,  the  rods,  or  strips^  of  which 

the  nails  or  brads  are  formed,  rest ;  r  r  are  ftxed  cutters  in  the  end  cheeks  of 

a  swinging-frame,  and  retained  in  their  places  by  screws  «  #  ;  I  a  frame  attached 

to  the  fixed  frame,  and  carrying  the  cross-bar  r,  shown  on  a  larger  scale  by  the 

annexed  Ftg,  2 ;  «;  is  one  of  the  guide  rods  hooked  on  the  cross-bar  v,  and 

screwed  up  to  a  beam  above ; 

X  a  per£brated  weight  sliding  ^     ^ 

upon  w,  having  its  lower  end  ^' 

hollowed  to  receive  the  ends 

of  the  bar,  or  strip  y,  of  which 

the  brads  are  made.    This  bar 

slides   down  atUr  every   cut 

against  the  edge  of  the  fixed 

cutter  r,  and  rests  upon  the 

surface  of  the  gauge  g^  which 

determines  the  oreadtn  of  the 

nail;    then  the  leaf  k  forces 

forward  the  box  /,  containing 

the  cutter  fi,  which  cuts  off  the 

iron  in  a  right  line  with  the 

plane  of   the  under    surface 

of  the  opposite  cutter  r.     z, 

Fw,  1,  is  a  band-wheel  for  communicating  motion  from  the  prime  mover,  with 

a  loose  pulley  at  its  side  for  throwing  the  machine  out  of  action. 

The  itciian  of  the  madmu  it  (ufoUoun: — By  the  revolution  of  the  axis  d,  the 
eccentric  upon  it  forces  the  swinging-frame  c  into  an  mdmed  position;  the 
crank  on  the  axis  at  the  same  time  acting  upon  the  rod  t,  draws  the  leaves  kk 
into  a  horizontal  position,  and  thereby  forces  the  movable  cutters  n  n  forward 
against  the  fixed  cutters  r  r,  dividing  obliquely  the  strips  of  iron  placed  between 
them  in  their  progress,  the  same  as  if  cut  by  shears ;  tne  brads  thus  formed  fall 
down  the  inclin^  surface  of  the  gauge,  and  are  received  in  a  box  beneath. 
The  opposite  vibration  of  the  swinging-frame  makes  a  second  cut,  and  thus  on 
both  siaes  of  the  machine  (though  represented  only  on  one  side)  a  series  of 
rods,  or  strips  of  iron,  are  placed  in  a  line,  all  of  which  are  cut  twice  at  ereiy 
revolution;  thus,  supposing  eight  rods  or  strips  (the  number  used  by  tlie 
patentees)  are  applied  to  each  pair  of  cutters,  32  brads  are  cut  at  every 
revolution  of  the  axis :  of  course  a  considerable  power  beine;  necessary  to  do 
this,  that  of  a  steam-eneine,  or  water-wheel,  is  to  be  employed  in  this  machine, 
in  preference  to  manual  labour.  The  ends  of  the  cutters  are  only  brought  into 
view  in  the  figure ;  these  are,  however,  of  greater,  and  may  be  of  any  required 
length,  to  cut  a  given  number  of  brads  at  a  time,  as  may  suit  the  power  of  ths 
engine,  and  other  circumstances.  It  will  now  be  seen,  that,  by  the  patentees 
employing  long  continuous  cutters,  and  causing  them  to  take  an  opposite  iadtaed 
position  at  eacn  vibration  of  the  swinging-frame,  a  number  of  brads  «m  cut  at 
once,  without  moving  the  rods,  which  drop  down  to  the  stop  on  the  gange  as 
they  are  cut.  By  the  former  mode  described,  with  the  fly-presses,  the  cotter 
moves  always  in  the  same  plane,  and  the  iron  is  turned  round,  or  inclined, 
instead.  In  cutting  that  species  of  brads  with  heads,  tha  patentees  employ 
cutters  with  gaps  left  in  their  edges,  and  the  cross-bar  v  has  shts  in  it  to  receive 
the  rods  y,  and,  instead  of  being  fixed,  receives  an  alternating  side  motian  from 
the  frame. 

For  the  purpose  of  hetuUng  the  nails,  the  shanks  made,  as  already  described, 
are  usually  Drought  under  the  operation  of  a  heavy  hammer  head,  which  is  lifted 
from  its  work  by  a  spring  pole,  like  a  turner's  throw,  and  is  brought  down  upon 
it  by  a  pedal,  worked  by  a  woman,  sittine  down  before  a  little  bench;  in  fiwit 
of  this  oench  is  fixed  a  pair  of  clams,  which  are  opened  and  shut  by  tha  torn- 
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ioff  of  the  lever  of  a  screw  on  the  left  hand  of  the  operator,  who,  with  her 
^it  hand,  niccessively  places  the  shanks  between  the  jaws  of  the  clams,  brings 
m  hammer  smartly  down  upon  it,  which  forms  the  head ;  and  then,  by  tum- 
iBg  the  screw  with  her  left  band,  the  jaws  open,  and  the  newly-headed  nail 
dropa  into  a  box  midemeath.  The  clams  are  provided  with  steel  dies,  impressed 
with  the  shape  of  the  under-side  of  the  head  and  that  of  the  shank,  and  so 
much  of  the  leneth  only,  as  to  leave  projecting  above  the  top  a  sufficiency  of 
metal  to  form  uie  head ;  the  form  of  the  upper  surface  of  the  head  being 
determined  by  a  die  fixed  in  the  face  of  the  hammer. 

There  are,  however,  several  manufactories  in  which  the  machinery  is  so  con- 
structed as  to  cut  and  head  the  nails  by  a  single  operation  of  the  same  machine. 
This  mode  of  manufacturing,  we  believe,  originated  in  America,  where  such 
machinery  has  been  long  since  in  successful  use.  In  1829  Mr.  Edward 
Hancorne  took  out  a  patent  for  an  improvement  upon  the  American  mechanism. 
We  have  perused  the  specification  of  this  patent,  from  which  we  learn  that  the 
invention  is  *'  the  communication  of  a  foreigner  residing  abroad;"  and  that  it 
consists  in  a  machine  made  of  two  horizontal  frames,  the  one  movable  and 
the  other  fixed,  an  axis  with  a  crank,  a  cam,  a  fly-wheel,  and  drum.  The 
bearings  of  the  axis  are  attached  to  the  lower  or  fixed  frame,  and  the  crank  is 
connected  with,  and  causes  the  upper  or  movable  frame  to  traverse  in  fi^rooved 
rnides  on  the  lower.  From  an  iron  rod,  of  an  appropriate  size,  placed  hot  into 
ue  machine,  a  piece  the  size  required  for  a  nail  is  cut  off  by  two  cutting  edges 
brought  together  by  the  motion  of  the  upper  frame,  and  held  between  two 
steels,  while  the  head  of  the  nail  is  formed  by  the  action  of  a  kind  of  hammer, 
whose  tAce  is  shaped  like  a  die  into  the  form  required,  and  whose  stem  is  acted 
upon  by  a  kind  oi  cone  on  the  axis.  The  nail  is  then  to  be  tapered  or  pointed 
by  the  action  of  two  eccentric  steel  sectors,  whose  circular  surxaces  are  placed, 
at  the  commencement  of  the  operation,  sufficiently  apart  to  receive  the  thickest 
portion  of  the  nail ;  and  at  the  termination  of  the  operation,  when  they  are 
brought  by  the  motion  of  the  upper  frame  in  a  position  with  the  point  of  con- 
tact, is  nearly  in  a  line  between  the  centres  of  motion. 

Bram  and  copper  nails  are  extensively  used  for  shipping,  and  some  other  pur- 
poses. For  nailing  on  the  copper  sheathing  of  ships,  nails  cast  of  an  alloy  of 
tio  and  copper  are  generally  used ;  but  great  efforts  were  made  by  a  manuiac- 
Inrer  at  Bristol,  some  years  ago,  to  substitute  for  them  nails  of  pure  copper : 
dwse,  for  a  time,  obtained  a  preference  in  the  navy  yards,  as  well  as  the  mer- 
diants'  yards ;  it  having  been  shown  that  the  bottoms  of  ships,  whose  sheathing 
bad  been  nailed  with  the  rough-headed  cast  metal  nails,  were  extremely  foul, 
and  that  to  the  head  of  almost  everv  such  nail  was  appended  a  barnacle,  which 
flsateriaUy  impeded  the  sailing  of  the  ships.  Mr.  Guppy  (the  manufacturer  to 
whom  we  have  alluded)  ma&  hu  nails  with  a  smooth  bright  head  (produced 
by  the  poKshed  surface  of  the  hammer,)  which,  being  counter-sunk  unaemeath, 
were  dnven  down  flush  with  the  surface  of  the  copper  sheathine.  The  improve- 
Bcni  was  evident,  and  experience  showed  that  snips  so  sheathed  sailed  better 
and  returned  home  from  their  voyases  earlier,  and  with  cleaner  bottoms.  This 
trnun]^  or  rather  success,  was  of  short  duration.  Mr.  Greenfell,  who  had  for 
manv  years  supplied  the  government  with  copper  sheathing  and  nails,  took 
the  hint  aflR)rded  by  the  smooth-headed  nails,  (the  admirable  construction  of 
wfaidi  were  in  other  respects  the  subject  of  a  patent  granted  to  Mr.  Guppy,)  and 
bad  IIm  rough  heads  of  nb  cast  nails  made  flat,  smooth,  and  bright,  on  the  upper 
SBifiice,  by  turning  in  a  simple  kind  of  lathe ;  and  upon  repeated  ti'ials  of  these, 
they  vere  found  in  no  respect  inferior  to  Mr.  Guppy  s  patent,  while  they  were 
■■ferially  cheaper,  and  they  have,  in  consequence,  maintained  their  ground,  to 
die  alnMMt  total  exclusion  of  the  pure  copper  nails,  for  the  peculiar  purpose 
■tntiaiied.^  Pure  copper  nails  are,  however,  extensively  used  in  ship-building, 
and  sen-going  boats,  on  account  of  their  greater  durability  than  iron,  when 
opoaed^  to  the  action  of  salt  water.  The  principal  kind  in  use  are  rose-denckf 
nular  in  form  to  the  iron  nails  of  that  denomination,  already  explained  and 
if^ed.  The  manner  of  making  ihese  nails  is  similar  to  that  of  tlie  other 
bndii«iid  may  be  readily  explained  and  practised  by  our  brief  description.  The 
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copper  nail-maker  fbmishes  himself  from  the  copper  wire-drawer  with  tquare 
wire  of  the  sizes  of  the  intended  nails.  Suppose,  for  instance,  he  has  to  make 
some  rose-clench,  two  inches  long ;  he  taxes  the  square  copper  wire  of  the 
required  thickness  of  the  nail,  and,  by  means  of  his  fixed  shears,  he  cats  the 
wire  into  lengths  of  about  2  inches  and  f^  ;  the  ^  being  required  to 
form  the  head.  They  are  all  cut  exactly  of  a  length,  by  the  wire  beins  pushed 
against  a  stop  before  it  is  cut ;  this  stop  is  fixed  to  the  block,  and  is  aajustable 
to  any  required  distance  from  the  edge  of  the  shears.  The  only  tools  necessary 
to  complete  these  pieces  of  wire  into  nails,  are  a  strong  smith's  vice,  a  hammer, 
and  a  pair  of  clams,  designed  to  hold  wire  of  the  size.  The  jaws  of  these 
clams  open  by  a  spring,  and  are  closed  by  compressing  the  jaws  of  the  vice ; 
when  so  closed  they  leave  a  cavity  between  them,  which  is  occupied  by  a 
piece  of  the  copper  wire  before  mentioned,  ^  of  which  project  above  the 
upper  surfhce  of  the  clams.  The  workman  then,  with  one  or  two  Uows  of 
his  hammer,  drives  the  wire  firmly  to  the  bottom  of  the  groove  made  between 
the  clams  (or  against  a  stop  placed  therein) ;  this  has  the  effect  of  spreading  oat 
the  head  sufficiently  to  receive  four  more  blows  struck  around  it  in  an  incuned 
direction,  which  produces  four  facets,  meeting  at  the  top,  called  a  rose-head : 
then,  by  turning  the  handle  of  the  vice,  the  jaws  of  the  clams  open,  the  nail  ii 
taken  out,  and  another  piece  of  wire  substituted  to  repeat  the  heading  operation 
described.  It  is  obvious,  that  by  the  same  tools,  and  a  different  application  of 
the  hammer,  a  flat,  a  diamond,  or  other  fonned  head,  may  be  made.  To 
strengthen  the  heads  underneath  the  upper  edges  of  the  clams  are  slightly 
countersunk ;  and  in  order  that  a  single  pair  of  clams  may  do  for  van'oitf  Ungik» 
of  one  sized  wire,  the  groove  is  made  the  depth  of  the  longest  ,*  and  for  any 
nail  of  a  shorter  length,  a  piece  of  wire  is  dropped  in  the  groove,  as  a  stop,  ii 
such  a  length  as,  with  the  intended  nail,  to  fill  the  groove  entirely.  Should  the 
nails  thus  made  be  required  with  flat  points,  they  are  flattened  by  a  few  blows 
upon  an  anvil,  in  the  cold  state.  Copper  in  the  cold  state  is  worked  under  the 
hammer  with  about  the  same  facility  as  iron  at  a  cherry-red  heat. 

NAPHTHA,  or  Rock  Oil,  is  a  yellow  or  brownish  bituminous  fluid,  of  strong 
penetrating  odour,  greasy  to  the  touch,  and  so  light  as  to  float  on  alcohol.  By 
exposure  to  the  air  it  thickens  into  the  substance  called  petroleum.  There  are 
copious  springs  of  naphtha  at  Baku,  on  the  shore  of  the  Caspian  Sea.  There 
are  also  at  Pitchford,  in  Shropshire,  extensive  beds  of  sandstone,  saturated  with 
this  fluid,  which  is  separated  from  the  stone  by  distillation,  and  is  sold  under 
the  name  of  Betton's  British  oil.  The  Russians  and  Persians  use  naphtha  tntei^ 
natty,  as  a  cordial.  Naphtha  bums  with  a  brilliant  white  flame,  and  is  therefim 
much  used  in  lamps*  both  at  home  and  abroad. 

NAPIER'S  BONES,  or  Napier's  Rods,  are  certain  instruments  invented  by 
Lord  Napier,  for  performing  some  of  the  fundamental  rules  of  arithmetic,  w 
an  easy  mechanical  process.  They  may  be  made  of  bone,  ivory,  horn,  weo^ 
pasteboard,  or  any  other  convenient  materiaL  There  are  five  of  them,  and  the 
race  of  each  is  divided  into  nine  equal  parts,  each  being  subdivided  by  a 
diagonal  line  into  two  triangles.  In  these  compartments  or  squares  the  num- 
bers of  the  multiplication  table  are  inserted,  the  units  or  right-hand  figmea 
being  placed  in  the  right-hand  triangle,  and  the  tens  in  the  lefi 

N  AISLES  YELLOW,  is  prepared  by  calcining  lead  with  antimony  and 
potash,  in  a  reverberatory  furnace.     See  Painting. 

NATHON.  The  native  carbonate  of  soda.  It  is  found  in  vast  abundance 
in  the  lakes  near  Alexandria,  in  ^?ypt. 

NAUTICAL  INDICATOR.  For  finding  the  latitude,  longitude,  and  varia- 
tion, invented  by  James  Hunter,  member  of  the  Glasgow  Philosophical  Soeiety. 
The  indicator  consists  of  a  stand,  supporting  a  circular  plate  of  polished  braai^ 
about  14  inches  in  diameter,  representing  the  horizon,  and  marked  and  nam- 
bered  accordingly  with  the  proper  divisions.  This  horizon  is  surmounted  by  a 
semicircular  plate,  as  a  meridian,  set  at  right  angles  to  the  plane  of  the  horizon- 
tal plate,  properly  divided,  and  furnished  with  an  index-  attached  to  a  nonioi, 
indicating  minutes.  This  meridian  plate  is  cut  out  at  the  centre  to  allow  room 
/br  ap}\*ot,  or  hinge,  fbr  other  parts  of  the  indicator.  On  one  side  of  thisroeridiaB 
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are  placed  two  quadrants,  and  on  the  other  side  one,  similarly  divided  as  the 
mendian,  and  furnished  with  a  similar  index  and  nonius.  These  quadrants  are 
movable  on  a  pivot  dr  hinge,  rising  perpendicularly  from  the  centre  of  the 
horiiontal  plate,  or  agreeing  to  this  centre ;  they  are  singly  movable  on  the 
pivot,  bat  capable  of  ^ing  attached  at  any  relative  distance,  and  retained  in 
that  situation  by  a  screw,  binding  together  tails  attached  for  that  purpose.  To 
the  eaat  and  west  points  of  the  horizontal  plate  is  attached  a  horary  circle, 
divided  into  hours,  ic.  This  horary  circle  represents  the  daily  path  of  the  sun, 
and  it  may  be  furnished  with  a  nonius,  as  other  parts  are.  This  circle  is  so 
attached  to  the  horizontal  plate,  that  it  can  be  moved  parallel  to  it  to  suit  the 
iun*s  dectinatjon ;  this  b  effected  by  the  cirde  being  attached  to  two  tangent 
plates,  which,  by  grooves,  slide  on  the  projections  from  the  horizontal  plate  by 
means  of  screws  passing  through  and  working  in  these  projections,  and  carrying 
the  tangent  plates,  and  with  them  the  horary  circle,  to  the  degree  of  the  sun's 
declination.  This  degree  is  indicated  on  a  scale  of  tangent  divisions  on  the 
tangent  plates ;  and  as  such  tangents  are  of  various  leneths,  an  expanding  ver* 
nier  is  used  to  adjust  them.  Its  expansion  is  effected  by  friction  wheels,  and 
iprings  working  against  a  proper  curve. 

NAVE.  The  central  boss,  or  hubf  as  it  is  in  some  places  called,  of  a  wheel, 
through  which  the  axletree  passes,  and  which  receives  the  ends  of  the  spokes 
in  deep  mortices  made  therem.  Althot^h  the  naves  made  of  wood  are  usually 
of  great  solidity,  these  parts  are  so  subject  to  strains  and  concussions  as  not  to  be 
so  durable  as  the  mass  of  material  might  lead  one  to  suppose.  In  consequence 
of  this  defect,  a  patent  was  taken  out  some  years  ago  for  making  this  part  of 
east  iron,  which  has  been  extensively,  and,  we  doubt  not,  advantageously 
adopted. 

NEEDLES.  Well  known  little  instruments,  usually  made  of  steel,  pointed 
at  one  end,  and  perforated  at  the  other,  to  receive  a  thread,  for  sewing  with^ 
Ac  The  processes  of  manufacturing  needles  have  been  much  varied,  but  the 
following  account  combines  the  most  recent  improvements. 

Steel  wire  of  the  size  required,  afler  having  been  annealed,  is  cut  from  the 

eoils  into  lengths  of  four  or  five  inches ;  these  are  gathered  up  into  cylindrical' 

tiandles  of  three  or  four  inches  in  diameter,  over  the  ends  of  which  are  passed 

^wo  stoat  iron  rinn,  and  more  wires  in  their  curved  state  are  forced  amongst 

tibose  in  the  bundle,  until  the  rings  are  tightly  packed.    This  bundle  is  laid  upon 

«n  iron  Mb,  and  over  it  a  bar  of  iron  about  two  feet  long  is  placed,  transversely 

lietween  the  two  iron  rings ;  the  workman  then  takes  hold  of  each  end  of  the 

ivon  bar,  and,  pressing  it  against  the  bundle  of  wires,  he  rolls  the  latter  back- 

'^vards  and  forwards  over  the  iron  slab  until  every  steel  wire  in  the  bundle  become* 

^erfiectly  straightened.   These  wires  are  next  pointed  upon  a  grindstone  running 

Ory.   In  this  operation,  the  workman,  sitting  astride  before  the  stone  on  a  block 

^lisped  like  a  saddle,  takes  up  20  or  30  wires,  laid  side  by  side  across  a  small 

'^vooden  ruler,  covered  with  soft  leather,  another  similar  ruler  being  laid  over  the 

l^eedles  to  confine  them.    The  workman  holds  the  rulers  in  his  hands,  and  thus 

^aresentinf  the  wires  to  the  grindstone,  points  them  with  great  dexterity,  each 

^^vire  reroTving  whilst  in  contact  with  the  stone.     Af^er  pointing,  the  wires  are 

^nit  off  the  length  of  the  required  needles.    The  next  operation  is  flattening  a 

l^htle  the  Olds  that  have  to  receive  the  eyes.    This  is  effected  by  a  workman 

taking  three  or  four  pieces  of  wire  between  his  finger  and  thumb,  placing  them 

xtpoD  aa  anvil,  and,  striking  one  blow  upon  each,  expands  the  ends  sufficiently 

te  receive  the  point  of  the  punch,  which  pierces  the  eye.    This  the  same  person 

^oet,  before  he  lays  them  down,  with  a  small  instrument,  fixed  on  the  same 

yiock  as  that  to  which  the  handle  is  fixed.    The  end  of  the  needle  is  placed 

ui  a  small  notch  in  the  bed  of  the  instrument,  and  is  put  exactly  beneath 

^  punch,  and  a  slight  stroke  of  the  hammer  punches  the  eye,   and  at 

theiime  time  forms  the  semicircular  groove  near  the  eye  of  the  needle, 

to  Inry  the  thread.     The   notch  which  receives  the  needle  is  made  in  a 

V*6e  of  iteel,  which  fits  into  a  dove-tailed  notch  in  the  bed  of  the  instrument, 

*o  that  it  can  be  changed  for  a  larger  or  smaller,  correspondent  to  the  size  of 

^  nsedlcs  to  be  pierced.  The  workman  holds  the  needles  in  the  same  maau^v 
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as  lie  did  for  flatting ;  and  placing  them  one  by  one  successively  in  the  notch  ia 
the  bed-piece,  pierces  them  through  by  a  single  blow  of  his  hammer  in  the  end 
of  a  slider,  which  recoils  to  its  former  position  by  the  reaction  of  a  iroring.  He 
now  places  the  next  needle  under  the  punch ;  and  when  they  are  au  pierced  in 
this  manner,  he  rolls  them  over  by  moving  his  thumb»  so  as  to  turn  them  all 
half-round,  and  bring  them  upwards  on  the  opposite  side  to  that  which  was 
pierced ;  this  being  done,  h^  repeats  the  punching  on  the  other  side  with  a  view 
to  finish  and  clear  the  eye,  and  to  complete  the  groove  which  there  is  in  aH 
needles.  They  are  now  rounded  at  the  eye  end  to  take  off  the  roughness^ 
which  is  effected  in  an  instant  by  applying  them  to  a  grindstone. 

In  making  the  larger  kinds  of  needles,  the  grooves  are  formed,  and  the  eyea 
pierced,  by  a  stamp  and  fly-press.  A  piece  of  wire  of  the  length  of  two 
needles,  and  pointed  at  both  ends,  is  placea  exactly  in  the  middle,  npon  a  steel 
die,  having  the  form  of  the  eye  groove,  &c.  projecting  from  its  surface ;  and 
over  this  die  is  suspended  another  exactly  similar,  so  that,  by  means  of  a  Uow 
from  the  stamp  hammer,  the  two  needles  between  the  dies  are  exactly  impressed 
on  both  sides  with  the  grooves  already  mentioned.  The  piece  of  pointed  wire 
is  then  in  a  similar  manner  placed  under  a  fly-press,  where,  by  means  of  two 
very  delicate  steel  punches  falling  over  corresponding  holes  in  a  die,  the  two 
eyes  are  instantly  pierced  with  great  precision.  These  needles  are  then  divided, 
and  the  heads  corrected  with  a  smooth  file.  During  these  operations  tlie 
needles  have  become  more  or  less  crooked ;  these  are,  therefore,  placed  in  files 
on  a  smooth  metal  plate,  and  with  an  iron  rolled  until  they  are  straight. 

The  next  processes  are  hardening  and  tempering.  To  effect  these,  the 
needles  are  placed  several  thousands  together,  covered  with  ashes,  in  a  cast^roa 
box,  and  heated  in  a  close  furnace  to  a  cherry  red,  when  the  box  is  withdrawn^ 
and  its  contents  dropped  into  a  tub  of  cold  water ;  they  are  next  taken  out  of 
the  water,  and  placed  upon  an  iron  plate,  kept  nearly  red  hot  by  meana  of  a  fire 
underneath;  here  they  are  carefully  distributed  about,  so  as  to  heat  them 
equally,  and  until  they  acquire  the  blue  tinge,  when  they  are  immediately 
removed.  Some  manufacturers  make  use  of  oil  or  tallow,  and  other  ingre- 
dients, instead  of  water,  which  substances  are  supposed  by  them  to  improve  the 
process.  The  needles,  thus  hardened,  are  returned  to  the  furnace  with  the  oil 
upon  them,  and  remain  there  till  the  oil  inflames,  when  they  are  withdrawn 
and  again  cooled  in  cold  water.  This  second  process  tempers  them ;  at  fint 
they  were  quite  hard,  and  so  brittle  as  to  break  with  tlie  slightest  touch ;  Uia 
tempering  renders  them  tough,  yet  sufliciently  hard  to  take  a  good  point. 
When  they  are  hardened  in  water,  according  to  the  former  method,  it  is  con- 
sidered that  the  proper  heat  for  tempering  them  can  only  be  determined  by 
long  experience  and  observation ;  but  that  the  flaming  of  the  oil  determines  the 
precise  temperature.  If  the  needles  be  now  examined,  many  of  them  will  be 
found  to  have  become  crooked  in  the  hardening;  these  are  discovered  by  rolling 
them  over  as  they  lay  in  rows  on  a  board,  and  such  are  selected  and  made 
straight  by  a  blow  in  a  notch  in  a  small  anvil  for  the  purpose.  In  some  manu- 
fiftctories  the  needles  are  next  pointed  and  finished ;  in  others,  where  the  pointing 
has  been  already  effected,  the  next  process  is  that  called — 

Scouring. — In  this  process  the  needles  are  piled  in  rows  many  tien  deep^  and 
in  several  parallel  rows,  upon  a  piece  of  buckram,  or  stout  cloth,  which  is  satu- 
rated with  oil  and  fine  emery.  The  needles,  after  they  are  deposited,  are 
also  sprinkled  over  with  flour  of  emery  and  oil,  when  the  whole  mass,  contahung 
from  10  to  50,000  needles,  is  tightly  rolled  up  and  well  bound  at  both  ends. 
Several  of  such  rolls  are  operated  upon  together  by  a  kind  of  mangle ;  a  stout 
plank  being  laid  upon  the  rolls  of  needles,  which  is  loaded  with  heavy  weights 
and  made  to  traverse  backwards  and  forwards  for  two  or  three  days.  Dniinc 
this  time  several  successive  wrappers  have  been  completely  worn  out,  whi£ 
have  been  replaced  by  new  ones,  with  fresh  charges  of  oil  and  emery,  and 
sometimes  soft  soap.  At  the  end  of  three  days  they  are  thus  made  very  bright 
and  clean. 

In  the  next  operation,  called  heading  and  picking,  the  eyes  of  all  the  needles 
are  placed  in  one  direolion,  and  ail  the  points  in  another ;  and  all  the  needles^ 
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with  broken  ejret  or  points,  are  picked.  These  operations  are  usually  perfinmed 
by  children  with  a  dexterity  and  rapidity  that  can  only  be  acquired  by  practice. 
Ine  needles  are  placed  sideways  in  a  heap,  on  a  table  in  front  of  the  operator. 
The  child  puts  on  the  forefinger  of  its  rignt  hand  a  small  cloth  cap,  or  finger- 
siaUy  and  rolling  from  the  heap  from  six  to  twelve  needles,  it  keeps  them  down 
by  the  forefinger  of  the  left  hand,  whilst  it  presses  the  forefinger  of  the  right 
hand  gently  against  the  ends  of  the  needles ;  those  which  have  their  points 
Cowards  the  right  hand,  stick  into  the  finger-stall ;  and  the  child,  removing  the 
finger  of  the  left  hand,  allows  the  needles  sticking  into  the  cloth  to  be  slightly 
TaJMd,  and  then  pushes  them  towards  the  left  side.  Those  needles  which  had 
their  ejree  oo  the  right  hand,  do  not  stick  into  the  finger-stall,  and  are  pushed 
to  the  heap  on  the  right  side  previous  to  the  repetition  of  the  process ;  each 
movement  of  the  finger  carrying  five  or  six  needles  to  its  proper  neap. 

The  finishing  operation  to  the  best  needles  consists  in  wnat  is  termed  blue 
pointing,  in  allusion  to  the  dark  polish  upon  them ;  this  is  effected  by  a  revolving 
stone,  of  a  bluish  colour,  against  whicn  the  needles,  several  at  a  time,  are 
•applied.  After  this  they  are  made  up  into  little  packages  of  from  25  to  100 
•each,  and  labelled  for  sale. 

The  needles  which  have,  of  late  years,  been  so  much  puffed  by  the  vendors 
^a  "warranted  not  to  cut  the  thread"  and  to  be  " gold-eyed  and  ''silver- 
eyed,"  are  made  the  same  as  other  needles  with  these  trifling  variations  ; — the 
«yes  of  the  former  beine  produced  by  dipping  them  into  an  ethereal  solution  of 
£old  ;  but  the  eyes  of  the  latter  have  not  a  particle  of  silver  laid  over  them, 
^e  silvery  hue  upon  them  being  produced  by  a  peculiar  kind  of  polish.  The 
*'  drilled-eyed  needles"  do,  however,  possess  the  merit  of  being  less  disposed  to 
c:at  the  thread ;  the  eyes  of  these  arc  made,  at  first,  in  the  usual  way,  and  are 
anfterwards  finished  by  a  drilling  counter-sink,  which  improves  them  materially ; 
mnd  the  steel  being  softened  to  enable  the  drill  to  cut,  they  rarely  snap  or  break 
la  the  eye. 

Paekmg^needUSf  bodkins,  Sfc. — Some  years  ago  a  patent  was  taken  out  for 
■aiaking  needles  of  this  kind,  by  Mr.  William  Bell,  of  Walsall ;  and  as  the 
•amnnfacture  of  them  has  ever  since  been  continued  with  success,  we  shall  close 
^lie  present  subject  by  subjoining  that  gentleman's  brief  specification  verbatim. 
*^The  method  by  which  I  make  needles,  bodkins,  fish-hooks,  knitting-pins, 
*^ettmg-needles,  and  sail-needles,  is  by  casting  them  with  steel,  or  common 
Visible  iron,  called  pig  or  cast-iron,  into  moulds,  or  flasks,  made  with  fine  sand ; 
^^,  otherwise,  I  make  stocks  or  moulds,  of  iron  or  steel,  or  any  other  compo- 
^tion  capable  of  being  made  into  moulds ;  on  which  stocks  or  moulds  I  sink, 
Engrave,  or  stamp,  impressions  of  the  said  articles.  Into  these  I  pour  my 
>kidted  iron  or  steel  (I  prefer  for  my  purpose  sand  casting),  and  prepare  my  iron 
^>r  steel  as  follows : — I  melt  it  in  a  pot,  or  crucible,  in  smaJl  quantities  about  the 
^ardght  of  twelve  pounds  (and  upwards  to  twenty  pounds),  the  more  cou- 
^enioitly  to  divest  it  of  its  heterogenous  particles,  and  to  purify  it  from  its 
^«rthy  or  sulphureous  qualities.  When  the  iron  has  attainea  a  proper  heat,  I 
^«ke  charcoatdust,  mixed  with  lime  or  common  salt,  which  I  throw  into  the 
)V)t  flf  melted  irim ;  and,  by  frequently  stirring  it  with  an  iron  rod,  I  bring  to 
^e  surface  of  the  iron  a  scoria,  which  I  frequently  skim  (^,  and  thus  bring  my 
^*XHi  mto  a  refined  state ;  I  then  pour  it  into  the  mould  before  described.  The 
^Utidee  being  thus  formed,  are  capable  of  being  softened,  hardened,  or  tempered, 
^  the  nsual  way,  by  which  nee^es,  bodkins,  fish-hooks,  knitting- pins,  netting- 
^ecdka,  and  sail-needles,  have,  heretofore,  been  manufactured ;  therefore,  the 
Pvindpal  merit  of  my  invention  is  in  casting  them  instead  of  making  them  in 
^^  usual  way." 

NET.    A  trellis-like  fabric  of  dureads  or  cords,  chiefly  used  for  entra^^ing 

^■^Vnds,  and  other  animals.    The  term  is  likewise  applied  to  a  particular 

Vvtadi  of  manufacture,  of  a  fine  open  texture,  usually  applied  to  the  purposea 

of  dress.    The  making  of  the  former  description  of  net  is  an  easy  process.    The 

^MCMiiry  to^  merelv  consist  of  wooden  needles,  of  different  sizes,  some  round* 

L         sBdothcis  fiat,  a  pan:  of  round-pointed  and  flat  scissars,  and  a  wheel  to  wind 

\       ' 


fiahei  required  to  be  taken,  ft  u  aecewATf ,  in  many  cuei,  (o  alter  the  natuiwl 
colour  or  the  thread ;  the  cdour  uiually  used  ii  nutet,  which  ii  obtained  by 
immeraing  the  thread  in  a  tanner '■  pit,  and  letting  it  lie  there  until  wfficiently 
tinged.  A  green  colour,  which  is  lometiine*  deiirable,  ii  obtained  by  chopping 
aome  vbeni,  and  boiling  it  in  water,  and  then  aoaking  the  net  in  the  tinctuie. 
A  jellow  colour  i>  obtained  by  the  ume  proceaa,  uiing  the  decoction  of  celan- 
dine, which  givei  a  pale  itraw  colour. 

Mi.  Alexander  Buchanan,  of  Paisley,  some  years  ago  invented  an  ingenioiH 
machine  tor  weaving  any  deacription  of  net-work  without  knola,  and  likewiae  to 
allow  the  holes  or  meshes  of  the  net-work  to  be  enlarged  or  dirainitbed  *t  Aa 
pleasure  of  the  operator.  The  annexed  engraving  will  convey  an  adequate 
idea  of  thi)  machina.  A  B  C  D  repreienia  •  wooden  aland,  upoa  which  an  iraa 


frame  E  F  G  H  is  supported  at  each  corner ;  in  this 
wheels  1  23  45  S  7  that  pitch  into  each  other;  iklm 
■re  continuations  of  the  axis  of  the  wheels  numbered 
135  7;  upon  the  ends  of  the  axis  thus  continued,  cir- 
cular pieces  of  wood  I  K  L  M  are  fixed,  of  which 
Fig.  2  IS  a  representation.  The  other  wheels  2  4  6  are 
introduced  in  order  that,  when  the  machine  is  put  in 
motion,  those  numbered  135  7  may  revolve  in  the 
same  direction,  as  it  is  ncceasaiy  that  the  parts  of  the 
machine  attached  to  the  axii  of  these  should  do  so. 
Into  each  of  the  circular  pieces  of  wood  four  grooves 
are  cut,  which  allow  the  shuttles  abedefgh  to  slide 
out  and  in,  at  the  circumferences  of  the  circular  woods, 
bnt  prevent  them  from  coming  out  wbeu  drawn  in  a  dueclion  towardi  Ri  tba  UN 
of  the  grooves  is  to  allow  the  shuttles  to  be  moved  from  one  circular  wood  toaootlMr 
laraoMiag  the  threads  to  form  meibet  of  the  net-work.  In  our  figure  the  cirenlar 
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woods  are  refMretentod  ai  turned  half  round,  to  show  the  grooves  and  shuttles  in 
them.  The  pirns,  or  bobbins,  of  which  one  end  is  considerably  thicker  than  the 
other,  are  prorided  with  grooves,  which,  when  the  bobbin  is  placed  in  its  proper 
siUiatioo,  admits  a  spring,  which  acts  as  a  counterpart  to  a  weight  suspended  from 
the  ends  of  the  threads ;  each  of  these  springs  must  be  in£vidually  so  strong 
ihat  their  aggregate  strength  will  prevent  the  weight  from  drawing  the  threads 
off  the  pirns,  and,  at  the  same  time,  sufficiently  weak  to  allow  toe  threads  to 
come  easily  oflf  the  pirns  when  drawn  by  the  operator.  Into  the  centre  wheel 
4  another  pitches,  having  the  same  number  of  teeth ;  this  wheel,  which  cannot 
be  repreaented  in  the  figure,  is  fixed  to  one  end  of  the  iron  rod  O  P,  at  the  other 
end  of  vhich  a  handle  N  is  attached ;  by  this  handle  the  machine  is  put  in 
notion* 

Having  now  given  a  general  description  of  Mr.  Buchanan's  machine,  we 
proceed  to  the  method  of  using  it  The  pirns  or  bobbins  having  been  previously 
filled  with  thread,  or  with  any  other  material  of  which  the  net-wora  is  to  be 
composed,  are  placed  on  the  shuttles.  The  ends  of  the  threads  are  then  col- 
lected and  tied  together;  after  which  thev  are  put  through  a  ring  that  is 
fisstened  on  the  top  of  the  gudgeon  S,  and  also  through  a  hole  T  in  the  sole,  or 
wooden  stand ;  a  weight  is  then  suspended  by  the  threads,  the  use  of  which  is 
to  prevent  them  from  entangling.  It  must  be  observed,  however,  Uiat  before 
the  machine  is  put  in  motion,  the  shuttles  occupy  the  proper  grooves ;  this  is 
illustrated  in  Fig.  1,  where  the  shuttles  a  b,  in  the  circular  wood  I,  occupy  the  first 
suid  third  grooves ;  those  of  K  occupy  the  second  and  fourth ;  those  of  L  the  first 
and  third:  and  those  of  M  the  second  and  fourth.  The  operator  then  commences 
weaving  the  net-work  by  tumine  the  handle  at  N ;  the  size  of  the  meshes  of  the 
net-work  he  increases  or  diminishes  at  pleasure,  by  turning  the  handle  a  greater  or 
leas  number  of  times.  The  wheels  are  thus  made  to  revolve  in  the  iron  name,  the 
circular  pieces  of  wood  likewise  revolving  in  consequence  of  the  continuation  of  the 
axis  of  four  of  the  wheels,  by  means  of  which  the  threads  that  proceed  from  the 
•buttles  of  each,  are  twining  round  each  other.  The  twist  made  by  this  move- 
ment is  made  fast  by  the  operator,  who  puts  a  finger  of  his  left  hand  between 
^ach  pair  of  threads,  and  with  his  right  hana  inserts  horizontally  the  clearer,  which 
sa  a  tliin  piece  of  wood,  shaped  like  a  paper  cutter,  between  each  pair  of  threads, 
^riwing  both  his  hand  and  the  clearer  towards  K,  at  which  place  it  is  prevented 

Soing  any  farther  by  a  knot.  He  then  removes  his  hand,  leaving  the  clearer  to 
eep  the  twist  tight,  and  crosses  the  threads  to  form  the  meshes.  This  is 
effected  by  moving  the  shuttles  from  one  circular  wood  to  another,  which 
OfKfation  resembles  and  effects  exactly  the  same  object  as  the  crossing  of  the 
^las  in  working  lace ;  the  shuttles  of  the  middle  circular  woods  are  changed 
QrsL  Those  of  the  circular  wood  K,  occupying  the  second  and  fourth  sprooves, 
^^  moved  into  the  second  and  fourth  fi;rooves  of  the  circular  wood  £,  while 
Uioie  of  L  are  shifted  into  the  first  and  third  grooves  of  K ;  this  movement 
^Qrms  half  a  mesh.  Tlie  operator  then  turns  the  handle  the  same  number  of 
^Mnes  as  formerly  to  twist  the  other  side  of  the  mesh  that  is  already  half- 
^^srmed.  This  being  dmie,  and  the  twist  made  tight  by  the  method  just 
.Explained,  the  threads  are  again  crossed,  which  is  effected  by  moving  tlie 
^buttles.  By  the  first  moving  of  the  shuttles,  those  of  the  circular  wo<^s  K 
^ere  shifted  into  the  corresponding  grooves  of  L,  and  vice  vertd ;  so  that  by 
^bifttng  them  in  the  present  instance,  those  which  originally  occupied  L  are 
Gloved  into  I,  and  those  that  originally  occupied  K  into  M;  this  operation  com- 
itates other  two  meshes:  thus,  by  twining  and  crossing  the  threads,  any 
Syuttiti^  of  net-work  may  be  wove,  the  operator  drawing  more  thread  off*  the 
^ma  as  the  former  quantity  is  used. 

KICKEL.    A  white  metal,  which,  when  pure,  is  both  ductile  and  malleable, 

sad  may  be  foiged  into  very  thin  plates,  whose  colour  is  intermediate,  between 

^hil  of  sUver  and  tin,  and  is  not  altered  by  the  air ;  it  is  nearly  as  hard  as  iron. 

^te  ijpeeifie  granty  is  8.279,  and,  when  forged,  8.666.  The  species  of  nickel  ores 

IR  ifei  slloy  with  arsenic  and  a  httle  sulphur,  and  its  oxide.    Tlie  first  is  the 

■at  iibuniant,  and  the  one  firom  which  nickel  is  usually  extracted.  It  is  known 

^v^meralogists  by  the  German  name  of  kupfemickel,  or  false  copper,  from  its 

^w..n.  B  a 
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colour  and  appearance ;  it  occurs  generally  massive  and  disMtninated ;  iti 
colour  is  copper  red,  of  Tarious  shades.  By  the  experiments  that  have  been 
made,  nickel,  in  its  pure  state,  possesses  a  ma^etic  power.  The  effect  of  the 
maffnet  on  it  is  little  inferior  to  that  which  it  exerts  on  iron ;  and  the  metal 
itself  becomes  magnetic  by  friction  with  a  magnet,  or  even  by  beating  with  a 
hammer.  Magnetic  needles  have  been  made  of  it  in  France,  and  have  been 
preferred  to  those  of  steel,  as  resisting  better  the  action  of  the  air.  The  nickel 
preserves  its  magnetic  property  when  alloyed  with  copper,  though  it  ia  some- 
what diminished;  by  a  small  portion  of  arsenic  it  is  completely  deatroyed- 
Nickel  is  fusible  at  ISO^  of  Wedgwood,  and  forms  alloy  with  a  number  of 
metals.  Nickel  is  found  in  ComwEul,  and  in  some  other  counties  of  Ei^land ; 
in  Germany,  Sweden,  France,  Spain,  and  several  parts  of  Asia.  The  Cnineae 
employ  it  in  making  white  copper ;  and,  in  coniunction  with  copper  and  xinc^ 
they  manufacture  it  into  various  kinds  of  children's  toys.  Nickel  gives  a 
certain  degree  of  whiteness  to  iron  ;  it  is  used  with  advantage  by  some  of  the 
Birmingham  manufacturers,  in  combination  with  that  metal ;  and,  by  otheTi^ 
in  combination  with  brass.  If  it  were  possible  to  discover  an  easy  method 
of  working  nickel,  there  can  be  little  doubt  but  it  would  be  found  very 
valuable  for  sureical  instruments,  compass  needles,  and  other  articles,  since  it  la 
not,  like  iron,  liable  to  rust  Oxide  of  nickel  is  used  for  giving  ooioon  to 
enamels  and  porcelain  :  in  different  mixtures  it  produces  brown,  red,  and 
green  tints. 

NITRATES.    Compounds  of  the  nitric  add,  with  various  salifiable 
NITRE.    The  usual  name  given  to  a  combination  of  the  nitric  acid  with 
potash.     See  Acid,  Nitric 

NITROGEN.  A  simple  or  undecomposed  gaseous  substance,  waa  fint  dia- 
tinffuished  by  Dr.  Rutherford,  in  1772.  It  is  sometimes  called  azote,  from  its 
inability  to  support  animal  life ;  but  it  is  commonly  designated  nitrogen,  from 
its  being  an  essential  ingredient  in  nitric  acid.  It  constitutes  four-fifths  of  te 
volume  of  the  atmosphere,  and  may  therefore  be  procured  by  abstracting  the 
oxygen  from  atmospheric  air.  It  may  be  conveniently  prepared  by  bommg  a 
piece  of  phosphorus  in  a  jar  full  of  air,  inverted  over  water.  The  phoaphonis^ 
on  account  or  its  strong  affinity  for  oxygen,  wiU  abstract  it  from  the  mixton^ 
and  the  vessel  will  become  filled  with  a  white  cloud,  which  is  the  pyrophoa* 
phone  acid.  In  about  half  an  hour  this  will  subside,  and  the  residiial  gas  u 
nitrogen,  contaminated  with  a  little  carbonic  acid  and  vapour  of  phosphoni% 
both  of  which  may  be  removed  by  a^tating  them  with  a  solution  of  pure 
potash.  A  solution  of  protosulphate  of  iron,  charged  with  binoxide  of  nitromi, 
will  separate  the  oxyeen  from  common  air  in  a  few  minutes.  A  stick  of  phoe- 
phorus  placed  in  it  will  accomplish  the  same  in  twenty-four  hours.  Nitrogen  gas 
may  also  be  obtained  by  exposing  a  mixture  of  fresh  muscle  and  nitric  add  to 
a  moderate  temperature.  Effervescence  occurs,  and  a  laige  quantity  of  nitrogen, 
mingled  with  carbonic  acid,  is  evolved,  the  latter  of  which  may  be  removed  by 
a^tation  with  lime  water.  Nitrogen,  when  pure,  is  a  colourless  gaa,  devoid 
either  smell  or  taste ;  it  does  not  bum,  and  extinguishes  all  burning  *  ** 
immersed  in  it ;   it  does  not  cliange  the  blue  colour  of  vegetables ;   no 


can  live  in  it,  yet  it  exerts  no  injurious  influence  on  the  lungs  or  other  paita 
the  animal  system,  the  privation  of  oxygen  bdng  the  sole  canse  of  doith 
Water,  when  deprived  of  air  by  boiling,  takes  up  about  one  and  a  half  per 


of  it    Its  specific  gravity  b  .9722 ;  and  therefore  100  cubic  inches^  at  a  m( 
temperature  and  pressure,  vrill  weigh  30.15  grains.     In  the  combinatian 
nitrogen  with  oxygen  in  the  atmosphere,  it  seems  merely  to  moderate  or  dilulw^ 
the  oxygen,  so  as  to  render  its  action  less  energetic.    Ccnisiderable  doubts  hav^ 
existed  as  to  its  siinple  nature,  in  consequence  of  experiments  made  with  tlk.* 

falvanic  battery.     When  ammonia  (which  is  a  compound  of  nilarcwen  m^ 
ydrogen)  is  submitted,  in  conjunction  widi  mercury,  to  the  action  jof  gslvanisnr 
an  amalgam  is  formed,  which  is  considered  to  arise  from  some  meta&ic  base  " 
the  hydrogen  or  nitrogen ;  but  as  the  idea  of  a  metaJic  base  to  hvdrogen  i 
precluded  by  reason  of  its  extreme  lightness,  it  has  seen  inferred  that  it 
form  a  constituent  of  the  nitrogen.   This  supposition,  however,  seems  inca] 
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of  prool^  aa  the  eontdtiients  of  the  amalgam  leparate,  and  are  retoWed  mto 
•mmoiiia»  hydrogen,  and  mercury,  as  toon  as  the  galvanic  influence  is  with- 
drawn.     Nitrogen   unites  with   several   substances  in   different  proportions, 
forming  a  Tariety  of  compounds,  distinguuhed  by  striking  peculiarities.     With 
oxygen  are  fermed  the  nitrous  and  nitric  oxide,  and  the  nypo-nitrous,  nitrous, 
md  nitric  add.      With  chlorine  and  iodine  it  forms  the  chloride  and  iodide  of 
nitrogen,  and  with  hydrogen  it  forms  ammonia.      Our  limits  will  permit  us  to 
give  hot  a  brief  account  of  these.    The  nitrous  oxide,  or  protoxide  of  nitrogen, 
was  diacoTered  by  Dr.  Priestley  in  1772,  who  called  it  dephlogisticated  nitrous 
lir.    The  best  mode  of  procunng  it  is  by  means  of  nitrate  of  ammonia.    When 
this  sail  ia  exposed  to  a  temperature  of  400^  or  500o  Fahr.  it  liquefies,  and 
babbles  of  gaa  begin  to  escape,   and  in  a  short  time  a  brisk  effervescence 
ensues,  whidi  contmues  till  all  the  salt  disappears.    The  nitrate  of  anunonia 
ibould  be  contained  in  a  glass  retort,  and  the  heat  of  a  lamp  applied,  so  as  to 
naintain  a  moderately  rapid  evolution  of  gas.     In  accurate  experiments  the 
gis  must  be  received  over  mercury;    but  for  ordinary  purposes  it  may  be 
ifeeived  orer  water.     It  has  a  sweet  taste,  and  a  faint,  agreeaole  odour,  and  is 
ibiorbed  by  its  own  volume  of  recentlv-boiled  water.     Most  substances  bum  in 
it  with  lar  greater  energy  than  in  the  atmosphere ;  but  the  most  remarkable 
of  its  properties  b  its  effect  when  respired.   A  few  deep  inspirations  are  followed 
by  the  moet  agreeable  feelings  of  excitement,  similar  to  the  early  stages  of 
ioUndcatiofi.    This  is  shewn  by  a  strong  propensity  to  laughter,  by  a  rapid 
ilow  of  yivid  ideas,  and  an  unusual  disposition  to  muscular  exertion.    These 
Mings  toon,  however,  subside,  and  the  person  recovers  his  ordinary  state 
vitboot  eneriencing  that  languor  which  is  the  usual  result  of  excitement  by 
ipritooua  uqaors.     It  varies  somewhat  in  its  effects  on  different  individuals, 
aid  sometimes  produces disa^preeable  symptoms.    The  specificgravity  of  this 
ff»  is  1 JS277 ;  and  100  cubic  inches  weigh  47.377  grams.     The  binoxide  of 
idtrogen,  or  nitric  oxide,  is  best  obtained  bv  the  action  of  nitric  acid  of  specific 
liaritT  1.3  on  metallic  copper.     Brisk  efiervescence  ensues,  and  the  gas  may 
ie  eoUected  over  water  or  mercury.    The  nitric  oxide  is  a  colourless  gas ;  but 
when  mixed  with  oxygen  or  atmosnheric  air,  dense  suffocating,  orange-coloured 
Hfoat  of  nitrous  add  is  produceo.     Few  inflammable  substances  bum  in  it ; 
chareoal  and  phosphorous,  nowever,  when  in  vivid  combustion,  bum  in  it  with 
i&creMed  brimaney.     It  is  sparingly  absorbed  by  water,  does  not  redden  vege- 
Uble  bhiea,  and  is  ^nite  brrespirable.    100  cubic  inches  weigh  32.3  grains,  and 
^  apeeifie  gravity  is  1.0416.      The  hypo-nitrous  acid  has  not  hitherto  been 
^blamed  in  a  free  state,  but  combined  with  potash.     Pure  nitrous  acid  is  formed 
^  the  mixture  of  binoxide  of  nitrogen  with  oxygen  gas,  out  of  contact  with 
Cither  water  or  mercury.    When  condenied  in  water,  it  forms  the  liquid  nitrous 


NORIA.    See  Htdxauuc  Macbinis. 

MUTOALLS.  Excrescences  formed  on  the  leaves  of  the  oak  by  the  nunc* 
of  an  insect,  which  depodts  an  egg  upon  them.  The  best  gdls  orcom- 
are  those  imported  from  Aleppo ;  they  are  chiefly  used  by  dyers,  calico 
peinlen,  and  ink  maken^  and  are  peculiarly  vduable  on  account  of  their 
vidmeas  in  tannin  and  the  gallic  add. 

MUTBfEG.  The  kerad  w  a  lar^  fruit,  not  unlike  the  produce  of  the  miristica. 
The  nitmeg  is  separated  from  its  mvestient  coat,  the  mace,  before  it  appears  in 


o. 

OAKUM.  The  substance  into  which  old  ropes  are  reduced  when  they  are 
^»^^>^ited,  loosened,  and  drawn  asunder.  It  is  used  chiefly  for  caulking  the 
••narfihips. 

.9^  A  long  piece  of  timber,  flat  at  one  end,  and  round  or  square  at  the 
"^t  uaed  to  propel  a  vessel  through  the  water,    llie  flat  part,  which  is 
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dipped  in  the  water,  is  cafled  the  blade;  and  thai  which  ii  within  tba 
board  is  termed  the  loom,  whose  extremity,  being  small  enough  to  be  ffraqped 
by  the  rowers,  is  called  the  handle.  To  push  the  vessel  forwards  by  thii 
instrument,  the«rowers  turn  their  backs  forwards,  and  dipping  the  Uade  of  tlw 


oar  in  the  water,  pull  the  handle  forward,  so  that  the  blade  at  the 
may  move  aft  in  the  water.  But  since  the  blade  cannot  be  so  moved  witbottt 
striking  the  water,  this  impulsion  is  the  same  as  if  the  water  were  to  strike  the 
blade  nrom  the  stem  towards  the  head;  the  vessel  is  ^erefore  neeeasarilf 
moved  according  to  the  direction.  Hence  it  follows  that  she  will  edvanee 
with  the  greater  rapidity,  by  as  much  as  the  oar  strikes  the  water  more  forciblv; 
conseauently,  an  oar  acts  upon  the  side  of  a  boat  or  vessel  like  a  lever  of  tlie 
second  class,  whose  fulcrum  is  the  station  upon  which  the  oar  rests  oq  ^m 
boat's  gunwale.  In  large  vessels  this  station  is  usually  called  the  row-pott;  \mk 
in  lighters  and  boats,  the  row-lock.  Oars  for  ships  are  generally  cut  out  of  fir* 
timber ;  those  for  barges,  out  of  Dantzic  or  New  £ngland  rafters ;  and  those  te 
boats,  eitlier  out  of  English  ash  or  Norwav  fir  rafters.    See  Boat. 

O  BS£R V  ATORY.  A  building  purposely  constructed  for  viewing  the  heaven^ 
bodies,  and  furnished  with  suitaUe  instruments  and  conveniences  for  fnrilitating 
the  operations. 

OCHRG,  (red,)  is  an  iron  ore  of  blood-red  colour,  which  is  sometimea  finnd 
in  powder,  and  occasionally  in  a  hardened  state.  It  has  an  earthy  texture^  and 
sometimes  stains  the  fingers  when  handled.  The  principal  use  of  red  chalk  m 
for  drawing.  For  the  latter  purpose,  it  should  be  free  from  grit,  and  not  too 
hard.  In  order  to  free  it  from  grit,  and  render  it  better  for  use,  it  is  aometiawa 
pounded,  washed,  mixed  with  gum,  and  cast  into  moulds  of  convenient  sluao 
and  size.  Under  the  name  of  reddle,  this  substance  is  much  •  used  fiir  IM 
marking  of  sheep,  and  when  mixed  with  oil,  for  the  painting  of  palce,  gele^ 
and  the  wood-work  of  out-buildinn. 

ODOMETER.  An  instrument  for  measuring  the  distance  travelled  over  bft 
post-chaise  or  other  carriage ;  it  is  attached  to  the  wheel,  and  shows,  by  meiai 
of  an  index  and  dial-plate,  the  distance  gone  over. 

OIL.  The  distinctive  characters  of  oil  are  unctuosity  and  inflammabflity, 
insolubility  in  water,  and  fluidity  at  moderate  temperatures.  Oils  are  diatui- 
guished  into  Jixed,  or  fat  oils,  which  do  not  rise  in  distillation,  at  the  temperatnn 
of  boiling  water ;  and  volatile,  or  essential  oils,  which  do  rise  at  that  tempenUnn 
with  water,  or  under  320<>  by  themselves.  The  latter  having  been  treated  of 
under  the  word  Essential,  in  the  preceding  part  of  this  work,  wo  riuJl  hen 
confine  our  attention  to  the  former  class  chiefly. 

J^ed  oils  are  generally  contained  in  the  seeds  and  fruits  of  thooe  vegefablaa 
of  which  they  are  the  products,  and  are  formed  principally  at  the  period  if 
maturity.     They  are  extracted  by  pressure,  sometimes  with,  and  aometimn 
without,  the  aid  of  heat    They  are  usually  impregnated  with  the  mucilaginoot 
or  extractive  matter  of  the  vegetable,  whence  they  acquire  colour,  odour,  and 
taste  ;    and  if  heat  has  been  employed  to    favour   their   extraction,  tlMf 
acquire  acrimonious  qualip'es,  and  undergo  a  change  in  some  of  their  obeniaeii 
properties.    The  purest  oils  are  those  expressed  from  the  fruit  of  the  olivc^  er 
the  seeds  of  the  almond ;  others  less  pure  are  extracted  from  linseed,  hMip 
seed,  and  numerous  other  seeds  of  plants.     Fixed  oils  are  usually  fluid,  but  d 
a  thick  consistence,  and  they  congeal  at  moderate  temperatures ;  some  areerM 
naturally  concrete.     When  fluid,   they  are  transparent,  colourless,  or  of  4 
yellowish  or  greenish  tinge,  inodorous,  and  insipid ;  they  are  lighter  ihtak  wtda* 
The  following  table  exhibits  the  specific  gravities  of  the  principal  sorts  cf 
commerce ;  water  being  1.000 : — 


Cacao 0.892 

Rape  seed 0.918 

Olives 0.913 

Bon 0.917 

Beech-nut 0.923 

Wahiut 0.932 


Almond 0.939 

Linseed      .*....  0.939 

Poppy   .......  0.939 

Hazel-nut 0  941 

Palm 0.968 
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Wbotd  oik  are  ineaiMble  of  combining  with  water ;  and  are  Tery  iparingly 
nlnlila  in  alcohol,  in  tne  cold,  with  the  exception  of  castor,  which  it  abundantly 
diMohred  bj  rectified  alcohd,  and  of  linseed  oil,  which  is  dissolved,  thougu 
more  tpaxinglj;  boiling  oil  dissolves  it,  and  also  the  others  in  sensible  quality. 
Eacpresaed  oils  cannot  be  volatilized  by  heat,  without  a  change  of  their  pro- 
peitiea.     At  temperatures  below  600*  of  Fahr.  they  remain  fixed,  if  the  heat 
hss  not  been  for  a  long  time  continued.    At  the  temperature  mentioned,  they 
Be  converted  into  vapour,  but  the  oil  condensed  therefrom  is  altered  in  its 
properties ;  it  has  lost  its  mildness,  and  has  become  more  limpid  and  volatile,  a 
portion  of  carbon  having  been  deposited.    Transmitted  through  an  ignited  tube, 
dfl  is  converted  into  carbonic  acid,  and  carburetted  hydrogen,  with  a  small 
portion  of  acid  liquor,  and  a  residium  of  charcoal.     Exposed  to  a  warm  atmo- 
nhere,  expressed  oils  gradually  acquire  a  sharp  taste  and  smell,  and  become 
Uni^.  This  change,  termed  rancidi^,  is  owing  to  absorption  of  oxygen.    Dryine 
tOi^  as  those  expressed  with  the  aid  of  heat  are  named,  do  not  Wome  ranci{ 
bat  by  absorbing  oxyeen,  are  partially  converted  into  a  resinous  kind  of  matter. 
At  die  temperature  of  ignition,  at  which  it  is  converted  into  vapour,  oil  bums 
IB  stmonheric  air,  a  liu^  quantity  of  light-  and  heat  being  extricated  by  its 
combustion.     When  the  access  of  the  air  to  the  vapour  of  the  oil  is  insufficient, 
kboms  with  a  black  smoke,  and  a  ouantity  of  carbonaceous  matter  which  has 
€iesped  the  combustion  is  deposited.    Hence  the  utility  of  a  slender  wick, 
lUdi  draws  up  the  oil  by  capillary  attraction,  and  when  kmdled,  produces  suffi- 
de&t  heat  to  convert  it  into  vapour.    In  a  hollow  cylindrical  wick,  like  that  in 
the  Axgand  lamp,  through  which  an  internal  circulation  of  air  is  established, 
the  su^y  of  air  is  more  abundant,  and  the  whole  of  the  oil  is  consumed ;  the 
jUnmination  tfaerefiire  is  greater,  though  there  is  some  diminution  of  it  in  con- 
Kquence  of  the  light  from  the  internal  surface  having  to  pass  through  the 
Inie.     Expressed  oils  combine  with  the  alkalies,  and  form  soap,  which  see. 
Eipressed  ods  dissolve  phosphorus  by  the  aid  of  heat,  forming  a  liquid,  which 
becomes  Imninous  when  exposed  to  the  air.    They  combine  vdth  a  number  of 
&c  metallic  oxides,   and  acquire  thereby  a  drying  property.     Boiled  with 
nit  di  lead,  expressed  oil  forms  a  compound  oi  firm  consistency,  constituting 
&c "  common  plaster  "  of  the  apothecaries.    Expressed  oils  form  the  basis  ofpaints 
(He  Paihtikg},  and  are  hence  called  oil-colours,  (see  also.  Oil-colour  Cakes, 
•bjcined  to  this  article.)    Expressed  oils,  combined  with  resins  and  turpentine, 
|aai  vamisbes ;  (see  Variiish.)   Combined  with  lamp-black,  they  form  printing- 
ink  ;  (see  I  kk.)     For  most  of  uiese  uses,  however,  the  drying-oils  are  employed, 
we  are  two  distinct  processes  of  obtaining  oil  by  pressure ;  one  cold,  the 
ttber  warm ;  the  cold-drawn  oil  being  preferable  for  one  purpose,  and  the  warm 
jbrsnother.     In  the  former,  the  substances  are  submitted  to  pressure,  without 
iKreasing  their  natural  temperature ;  in  the  latter,  heat  is  artificially  applied, 
faerally  through  the  medium  oi  steam  or  air.   The  application  of  heat  to  seeds 
ad  most  oleaginous  matters,  causes  a  great  quantity  of  the  oil  to  flow  out, 
vidiout  pressure ;  and  heat  softens  them  so  much,  that  less  mechanical  force 
beconsct  necessary  to  expel  the  remainder.    It  is  therefore  an  indispensable 
F>ist  of  economy  to  make  use  of  heat  whenever  the  application  of  it  does  not 
^etaiorate  the  quality  of  the  oil ;  for  more  oil  is  thus  obtained  with  less  labour, 
b  the  large  manumctories,   linseed   and   rape-seed  are  the  chief  vegetable 
ifctfsnces  from  which  oil  is  obtained  in  this  country  ;  heat  is  usually  employed 
bdbie  pressure,  and  the  separate  products  of  oil  in  the  different  stages  of  manu- 
hctme  are  preserved,  as  distinct  qualities.    The  ordinary  **  mill "  for  this  pur- 
M  eonsisti  usually  of  an  extensive   range  of  machinery,  and  is  usually 
idnenished  by  the  denomination  of  the  Dutch  Mill,  as  the  industrious  people 
flf  Holland  were  the  inventors,  or  chief  improvers  of  it     In  these,  the  seeds  are 
pel  inCo  bags,  and  covered  with  envelopes,  consisting  of  hair-cloth,  and  sheep- 
ikm  sewn  together ;  in  this  state,  they  are  subjected  to  pressure  by  the  force  of 
vcdges,  that  are  continually  being  struck  by  perpendicular  stampers.    These 
HMniers  are  -raised  by  ccuns  fixed  to  a  revolving  axis,  (worked  by  a  steam- 
im^ine^  or  other  adequate  power,)  and  &U  from  the  height  they  are  thus  raised 
apon  the  wedgea.    The  oil  thus  expressed,  runs  o%  and  is  conducted  to  a  cistern ; 


Fig.  I. 
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and  the  teed  in  the  bagia  reduced  to  a  very  lord  lalidcake,  which  iinldf 
feeding  of  cattle,  ai  it  retaini  a  considerable  purtian  of  farinaceoui  and 
nutritiTe  matter.  Of  late  yean  the  elailic  force  of  iteam  hai  been  intndiu 
pte  thenecenary  pieuure,  Mid  the  paleoled  improvement*  b;  Mr.  John 
fun.  (of  Daitford),  which  we  have  uov  to  deKribe,  coaiiit  in  the  p* 
method  by  which  thia  power  ii  applied,  a  a  (fig.  I)  are  two  ell^tical 
coma,  firmly  fixed  on  the  horiiontalihafU  of  two  eog  vrheel^  wliich  g«« 
one  another ;  B  B  6  i,  ore  mauire  iron  plates,  be- 
tween which  the  eeed  bags  c  c,  in  their  eoTelopet, 
are  placed;  J  ii  the  iteam  cylinder;  e  the  piiton 
to  the  same,  which,  when  railed  by  the  force  c^  g 
the  Bteam  from  underneath,  elevates  the  beam/, 
and  the  connecting  rods^^  ;  these  being  attached 
to  the  leven  h  k,  turn  the  cams  so  as  to  press 
against  the  pUte*  B  B ;  which  pressure  is  con- 
tinued until  the  cams  arrive  with  their  longest 
diameters  in  an  horizontal  direction,  as  shewn  by 
J^.  2.  By  theie  means  the  oil  is  squeezed  out, 
and  received  into  a  proper  receptacle  under- 
neath. On  the  other  side  of  the  staain  cylinder, 
another  aparatus,  similar  in  all  respects  to  that 
shewn,  is  fixed,  and  moved  by  the  ume  power ; 
but  in  these  the  longest  diameters  of  the  cams  are 
placed  ill  a  reverse  direction,  or  at  right  angles  | 
with  those  in  the  engraving ;  so  that  when  the 
Utmost  pressure  is  excited  on  one  side  of  the  { 
cylinder  by  the  ascent  or  descent  of  the  piston,  i 
~ a  whatever  is  given  on  the  other,  and  the   ! 


"^ 


^1  mav  be  removed  to  be  emptied,  and 
plenished  with  a  fresh  quonti^  ot  seed.  The 
employment  of  elliptical  cams  la  altered  with  a 
*«7  great  convenience,  which  we  ought  not  to 
omit  noticing.  The  two  innermost  plate*  B  B 
are  connected  together  by  means  of  straps,  as 
shewn  at  ■  ■  ( fS;.  2)  stretched  out  while  the  cams 
are  exerting  tiieir  pressure ;  when  that  pressure  i* 
relieved  by  the  cams  being  turned  into  vxe  position 
of  these  in  Fig.  1,  the  connecting  strap*  ii  are 
raised,  and  the  two  plates  B  B  are  drawn  towards 
one  another ;  the  hags  are  then  perfectly  free  to 
be  removed  by  the  workman,  to  be  filled  again  and 
replaced  ;  and  to  on  alternately,  on  opposite 
udcs,  at  every  ascent  or  descent  of  the  piston. 
The  steam  preasurs  upon  the  piitoD,  employed  bv  tbe  pa 
fi»ty  to  fifty  pounds  upon  tlie  inch,  nearly  the  whole  of  wbii 
dmplicity  of  the  spparatus,  is  transferred  to  the  end  of  the  c 
power  is  increased  according  to  the  ratio  of  their  sur&ces,  cornered  to  A 
the  piston.  A  steam  apparatus  is  constructed  near  to  each  pair  of  cans 
the  convenience  of  heating  the  seeds,  with  means  for  disdiarging  tbe  oaka 
TefiUing-the  bags. 

In  the  year  1S2S,  the  Society  of  Arts  presented  Mr.  Cogan  with  tbor  i 
medal,  for  the  communication  of  a  process  for  purilying  rape  and  linsnail 
Mr.  Cogan's  process,  though  resembling  M.  Thenard'*  m  the  firU  part  of 
completed  by  the  judicious  introduction  of  iteam  ;  by  mean*  of  which  111 
appears  to  he  almost  entirely  freed  from  acid,  and  the  black  feculent  drea 
side  in  the  course  of  twelve  hours,  leaving  the  upper  portion  of  the  ou 
clear,  and  grealJ^  improved  in  colour,  and  in  thaw  qualities  for  which 
valued  by  the  pamter.  The  quantity  of  oil  that  he  operalea  upon  at  en 
about  100  gallons.  For  this,  three  quarts,  that  is  abouttenpounda,of  sulp 
add.  oil  of  vitiiot,  is  required.     The  acid  is  to  be  diluted  with  au  equal  bi 
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water.    The  oil  being  put  into  a  cooper  pan,  of  the  shape  of  a  boiler,  two 
({oarts  of  the  dilute  acid  are  to  be  added ;  the  whole  ia  then  to  be  stirred  up 
verj  carefully  for  an  hour  or  more,  with  a  wooden  scoop,  till  the  acid  is  become 
eompletely  incorporated  with  the  oil,  and  the  colour  of  this  last  has  become 
miia&  deeoer  than  at  first     A  second  similar  quantity  of  acid  is  to  be  added, 
nd  mixed  with  the  oil,  the  same  as  the  first  was ;  and  after  this  the  remaining 
fitird  part  of  add  is  to  be  added.    The  stnring  of  the  oil  is  to  continue  inces- 
natly  about  six  hours  in  the  whole,  at  the  end  of  which  time  the  colour  of  the 
mixture  will  be  almost  that  of  tar.     It  is  then  to  be  allowed  to  stand  quiet  for 
a  night,  and  in  the  morning  is  to  be  transferred  to  the  boiler ;  this  is  of  copper, 
and  has  a  steam  pipe  entering  it  at  the  bottom,  and  then  dividing  into  three 
or  four  branches,  each  of  which  terminates  in  a  perforated  plate.    The  steam 
ihns  thrown  in,  passes  in  a  very  divided  state  into  the  oil,  penetrates  into  every 
pirt  of  It,  and  heats  it  to  the  temperature  of  boiling  water.    The  steaming  pro- 
em is  to  be  continued  for  about  six  or  seven  hours,  at  the  end  of  which  time 
it  b  to  be  transferred  to  a  cooler,  of  the  form  of  an  inverted  cone,  terminating 
m  s  short  pipe,  commanded  by  a  stop-cock,  and  also  having  a  stop-cock  inserted 
ioiti  side,  a  few  incites  from  the  bottom.     After  remaining  a  night  in  the 
cooler,  the  ofl  is  fit  to  be  withdrawn :  for  this  purpose,  the  cock  at  bottom  is 
opened,  and  the  black  watery  acid  liquor  flows  out.     As  soon  as  the  oil  begins 
to  oome,  the  cock  is  closed,  and  that  in  the  side  of  the  cooler  is  opened.    From 
tkii  the  ofl  runs  quite  clear  and  limpid  ;  the  whole  of  that  which  is  still  turbid 
lensinii^  below  the  upper  cock.    The  purified  oil  being  drawn  off,  that  which 
ii  Imind  u  let  out  into  a  reservoir,  where  it  either  remains  to  clarify  by  subsi- 
koetf  or  k  mixed  vrith  the  next  portion  of  raw  oiL 

Hie  following  ia  the  patented  process  adopted  bv  Mr.  M.  Wilks,  seed  crusher  of 
Dvtibid,  for  poriiying  the  oil  from  linseed,  as  well  as  other  seeds,  by  expression. 
Into  236  gallons  of  the  oil,  six  pounds  of  oil  of  vitriol  is  to  be  poured,  and  be  well 
aiied  by  agitation  or  stirring  about  for  three  hours.  Six  pounds  of  fuller's  earth 
iiBcit  to  be  mixed  up  and  Uioroughly  incorporated  with  fourteen  pounds  of  hot 
Bne,  and  thrown  into  the  vessel  containing  the  oil  and  vitriol,  when  the  whole 
iitobe  kept  in  M;itation  for  about  three  hours  more.  *  The  foregoine  mixture  is 
Bat  to  be  tnmed  into  a  boiler  containing  a  quantity  of  water  equd  to  that  of 
(he  oil,  and  the  whole  is  then  to  be  boiled  for  another  three  hours,  during  which 
tine  the  Uqnid  is  to  be  continually  agitated  by  stirring.  The  fire  may  now  be 
cfiinguisbea,  and  when  the  materials  have  become  cool,  the  water  may  be 
^wn  att^  and  the  oil  will  be  found  clarified,  which  will  become  brighter  and 
Bore  fit  for  use  after  standing  some  time. 

Mr.  Robinson,  of  Edinbi^^  having  witnessed  the  difficulties  and  waste 
vUdi  take  place  in  filtering  and  clearing  oil  from  its  dregs ;  in  which  opera- 
tion, ss  it  is  usually  conducted,  a  great  deal  of  the  advantage  which  is  gained  by 
Rpose  and  subsidence,  is  again  lost  in  drawing  ofi*  the  oil  to  pass  it  through  the 
ftr,  it  speared  to  him  that  by  introducing  water  through  a  regulated  aperture, 
>M  from  a  height  sufficient  to  give  the  requisite  hydrostatic  pressure  mto  the 
^fftam  of  the  butt  of  oil,  and  making  a  communication  from  the  top  of  a  butt, 
b  I  filer  acttnff  by  ascension,  all  the  advantages  arising  firom  reftise  and  sub- 
4aiee  would  be  retained,  and  by  adapting  the  nature  of  the  filter  to  the 
fBilitf  of  the  oil,  the  contents  of  any  butt  nught  be  easily  and  miickly  sepa- 
nifed  into  three  or  four  poitions  of  different  degrees  of  value.     Mr.  Robinson 
eludes  by  suggesting  we  mechanical  arrangement,  represented  by  the  section 
^^  sppsratoa  in  p.  200.    m  is  a  cistern  of  water  whicn  communicates  by  the 
Jffe  a  with  the  bottom  of  the  butt  of  oil  g,   f  is  the  filter  raised  on  feet, 
>n  sln&g  on  the  heading  of  the  butt,  with  which  it  communicates  by  the 
ffftk    em  a  perforated  nlate  above  the  lower  chamber  of  the  filter,  and  k  is 
^^^Aamng  cock ;  c  is  tne  middle  chamber  fiUed  with  charcoal,  or  any  other 
>Mb  aoDstance.    The  partition  between  this  and  the  upper  chamber  d^  is  a 
fiaaled  plate,  and  /  is  the  discharffing  pipe  of  that  chamber.    The  butt  con- 
iMig  the  <x3  bmg  connected  with  3ie  apparatus  ah*eady  described,  the  cock  of 
At  fipe  a  is  to  be  turned,  which  will  allow  the  water  to  flow  into  the  butt.     At 
^  Mme  time  the  cock  of  the  pipe  b  being  opened,  the  upper  part  of  the  oil. 
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and  tlierefan  th«  pureit,  first  flowa  into, 

and  filli  Ihe  lower  chamber  oT  the  fitter, 

and  U  followed  by  the  leu  pure  [lottioiii, 

according  to  their  respective  ipeciSc  gra- 
vity; hut  ai  the  ppt  enten  thu  chamber 

at  the  top,  thoae  impuritie*  that  are  con- 

•iderably  heavier  than  the  oil  will  aubiide 

to  the  bottom,  and  are  from  time  to  time 

to  be  discfaaived  through  the  cock.     The 

reat  of  the  oilriiea  through  the  perforated 

plate,  is  leparaCed  from  the  liguter  impu- 

ritiee  bjr  the  charcoal  or  aand  in  the  mid- 
dle chamber,  and  then  pauei  through  the 

npper  plate  into  the  top  chamber,  whence 

it  flowa   through  the  cock  t.     The  two 

perforated  plates  muat  reat   on  ringi  or 

projecting  ledgee,  that  the  charcoal  may 

be  renewed  and  the  lower  plate  may  be 

taken  out  occaaionally,  and  cleared  of  the 

dregi  which  otherwise  would  atop  its  hole*. 
Uoder  the  words  Elaime,  and  Fat,  we 

hare  noticed  the  fine  fluid  oil  that  has 
reoeived   the   former  denomination,  and 

wnich  has  been  employed  for  lubricating 
delicate  horological  machinery.  In  thia 
place,  we  hare  to  deacrihe  an  improTed 
mode  of  obtaining  it  from  olive  oil  by  Mr. 
Henry  Wilkinson,  of  Fall  Moll,  and  which 
i*  conaidered  to  be  peculiarly  valuable  for 
lubricating  the  pivoti  and  other  rubbing 

iur&ces  of  chronometera.  The  best  olive  oil  in  its  recent  state,  p 
that  peculiar  bland  flsvour  which  fits  it  for  the  table,  and  which  w 
arise  principally  from  the  quantity  of  mudla^e  and  water,  either  bald 
tion,  or  mechanically  mixed  with  it  By  keepmg  one  or  two  vears  ia 
considerable  portion  of  the  mucilage  and  water  subsides,  which  rende 
oil  not  only  cheaper,  but  better  qualified  for  yielding  a  greHter  propo 
pure  oil  than  that  which  is  recently  expressed  from  the  fiuit.  Two  < 
gallons  ikimmed  from  the  atuface  of  a  urge  jar  Chat  has  remained  at 
twelve  montha  or  upwarda,  is  preferable  to  any  succeeding  portion  h 
same  jar,  and  may  be  conaidered  the  cream  of  Uie  oil.  Having  proem 
oil  in  the  first  instance,  put  about  one  gallon  into  a  casl-inm  veeUl  €•] 
holding  two  gallons ;  place  it  aver  a  slow  clear  fire,  keepiiie  a  then 
tnapendedin  it;  and  nlien  the  temperature  Him  to  S20o,  check  the  baa 
allowing  it  to  exceed  230°,  nor  descend  below  212°,  for  oqe  hour,  by  wH 
the  whole  of  the  water  and  acetic  acid  will  be  evaporated ;  the  ail 
exposed  to  a  temperature  of  30°  to  36°  for  two  or  three  dan,  (eoDM 
winter  is  preferable  for  the  preparation,  ae  avoiding  the  trouble  anid  ^ 
producing  artifieial  cold)  j  by  this  operation  a  consMerabla  portiiHi  ia  «h 
and  while  in  this  state,  pour  the  whole  on  a  muslin  filter,  Xo  aUow  Qm  f 
tion  to  run  throush ;  the  solid,  when  dissolved,  may  be  u»d  fci  eomm 
•  Lastly,  the  fluid  portion  must  be  filtered  once  or  more,  tlmnd 
arcoal,  grossly  powdered,  or  rather  broken,  and  ^ 


prepared  i 
bibulous  pi 


and  colourless. 

Under  the  article  Cakule,  the  reader  will  find  a 
processes  for  obtaining  the  elaine,  or  pure  oily  principle,  from  the  eo 
palm,  and  other  concrete  vegetable  oils,  so  that  we  ne«l  not  repeat  tfan 
the  present  bead ;  but  the  extremely  rude  and  ineffective  machinery  m 
,  ia  those  countries  from  whence  w*  it 
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luppUei,  i*  >ortliT  of  the  attention  of  lh«  BriLiih  nader,  m  eiLibiting  in  a 
itroDg  light  the  aavaiitaga  that  might  retult  from  the  introdaction  of  improved 
machinery  in  thoae  parta.  Dr.  Daiy  infonns  ui  that  ths  meant  med  03  the 
Singalese  fur  thii  puiptnei  eoniiili  merely  of  a  few  upright  polci  ituck  in  th« 
gmnd,  lupporting  two  par«Uel  horizontal  ban  between  thein  ;  between  theie, 
the  b«g«  .crataining  the  leed*  are  put,  in  the  maimer  repreienled  in  the  nib- 
joiiwd  dLielcb,  prcMUM  being  given  to  the  bags  1^  meaoi  of  a  perpendicular 


W  wUek  fcrcea  the  harixontal  ban  tagethn.  The  native  oil  preu  employed 
■  Midne,  and  other  parti  of  the  Eait,  hai  lomewhat  more  the  character  of  a 
udine.  The  machine  ii  large  aod  aubetanlial,  and  a  great  aniouDtaf  animal 
bn  ii  wanted  in  operating  by  it.  The  annexed  drawing  ii  taken  from  a  model 
neatly  bnmght  from  India  aoddepoiitcdin  the  museum  of  the  Aaistic  Society, 


awpweutiamortaraboutiiifeet  high,  uiually  formed  out  of  a  block  of  granite, 
kUnnctimeai^  wood;  in  both  caiei,  there  is  ai  much  of  the  >ul»t«nce  nink 
iMe  the  poood  aa  reuaini  above  it ;  e  ii  a  pestle,  the  upper  extremity  of  which 
ibloci^in  thefieceitf  timber  d;  at  e  ii  anotlier  piece  of  timber,  attached  by 


M  Btf,  HI  OS  to  pass  into  and  around  a  groove  made  in  the  morUr ;  the  lower 
part  b  of  the  mortar,  enlarged  in  its  dimensions,  serves  as  a  rest  for  the  lerer  g, 
and  to  give  aleadiseaB  to  the  apparatus.  To  pQt  this  machine  into  operatioo,  ■ 
man  ritt  upon  the  end^  of  the  horizontal  lever,  which  by  the  connectiiig  b«n 
e  and  d,  cause  the  peslle  e  to  press  hard  against  the  aides  of  the  moitar,  and  s 
circular  motion  is  given  U>  the  pestle  liy  attaching  a  pair  of  oxen  to  the  yoka 
h,  who  draw  it  round.  An  oil  press  on  the  tame  principle  as  this,  Ji  described 
by  Dr.  Buchanan,  as  being  used  b;  the  oil  makers  of  Bangalore  for  expreaaing 
various  kinds  of  oil.  These  mills  receive  a  quantity  of  seed,  equal  to  about 
2}  of  our  Winchester  bushels,  to  trhich  in  the  course  of  grinciing,  about 
2j  quarts  of  water  are  gradually  added.  The  grinding  continoea  for  «ix 
boun,  when  the  farinaceous  parti  of  the  seed  and  the  water  form  a  cake, 
and  Uiis  having  beeu  recnoved,  the  oil  (about  5)  galloiu  in  quantity)  is  Ibund 
dean  and  pure  in  the  bottom  of  the  mortar,  from  whence  it  is  taken  by  •  n^ 
Tbe  mill  require*  the  labour  of  two  men  and  four  oxen,  and  crinda  twica  m 
day,  thus  making,  in  the  whole,  but  11  gallons  per  day ;  and  if  this  be  all  that 
M  Urge  A  machine  and  so  great  a  power  can  perform,  how  miserably  ineSeetiTe 
must  be  the  Siggaleae  machine  we  first  described.  The  writer  of^this  article 
was  so  forcibly  impressed  with  this  defective  mode  of  oil-pressing  a  few  yean 
ago,  as  to  lead  him  to  devise  some  powerful  machine,  in  which  the  cambhutioDl 
should  be  few,  of  the  simplest  kind,  and  that  should  be  easily  made  by  tbe 
roughest  rural  worliman  at  a  trifling  expense,  and  be,  as  much  as  possible,  lel^ 
acting.  The  approbation  which  the  principle  of  these  presses  have  met  with 
from  professional  engineers,  and  the  practical  experience  which  the  iaTentov 
has  had  of  their  utility  and  convenience  in  a  nearly  similar  application,  induces 
him  to  give  a  brief  description  of  them  in  this  place ;  in  the  perusal  of  which 
tbe  reaaer  wiU  bear  in  mind  that  they  are  especially  deeigned  for  iba  rural 


manufacture  of  oil  on  the  spot  where  the  seeds  grow.  This  machme  conws*^ 
simply  of  ibree  pieces  of  wood ;  an  upright  piece  is  fixed  firmly  in  the  grounc^ 
(a  tree  would  answer  the  purpose  well,)  near  the  lower  end  of  which,  and  al^V 
al  tbe  upper  extremity,  are  projecting  pieces,  the  upper  one  forming  the  joint  ^ca 
the  long  honionial  lever,  and  the  lower  one  the  joint  of  the  ihort  Tertical  od^v 
to  strengtlien  these  joints  a  strap  of  iron  is  laid  over  tliem,  and  round  tk^ 
upright  post,  and  iron  bolts  are  passed  through  each  to  fonn  the  centre,   ^^ 


ftilcrmn,  to  each  lever ;  the  band  near  the  middle  mcreljr  lerTet  at  a  ilay  to 
■upport  the  vertical  lever  when  it  is  thrown  back.  It  will  be  abcerved  that  a 
roller  ii  fixed  to  tbe  upper  extiemilj  of  the  vertical  lever,  which,  running  upoo 
the  inclined  plane  of  the  horiiontal  lever,  renden  the  friction  of  tbeae  pirta, 
when  in  contact,  very  trifliog:  but  what  we  conuder  aa  the  moat  important 
rewit  of  thii  peculiar  combination  of  two  levera  (which  are  both  of  the  tecond 
eUv)  IB,  that  the  effect  of  the  poner  employed  ia  but  little  at  the  comnience- 
ment  of  the  operation,  but  that  the  preuure  it  continually  iucreaiing  during  the 
tqieration,  and  becomea  prodigioual;  ereat  tovardi  the  cloae  of  it,  which  ia 
owing  to  the  preMure  on  the  vertical  lever  conatantly  accumulating  (of  itaelf 
without  attention)  aa  it  approachei  the  fulcrum  of  the  horizontal  lever.  Now 
thi«  ii  preciaely  what  ia  wanting  in  oil  or  wine-presaing :  if  a  great  pretaure  he 
given  at  the  flrat,  the  baga  burst  and  the  liquid  ia  lost.  It  is  obvious,  from  the 
sketch,  that  the  Indian  who  is  seated  in  a  swing,  suspended  to  the  lever,  ia  the 
tcdog  Ibrce ;  and  aa  thia  force  ia  obtained  not  only  without  labour,  but  by  reat 
to  Ike  individual,  there  cannot  be  an  easier  mode  of  producing  a  mechanical 
•Act,, especially  ai  some  attendance  to  the  process  going  forward  ia  neceaaary. 
Jl  iboemaller,  or  a  tailor,  misht,  indeed,  cany  on  the  buainesa  of  their  crafta, 
asi,  at  the  same  tine,  work  an  oil  or  a  wine-presa  upon  the  same  principle. 
IV  design  having  been  made  with  reference  lo  the  conical  ban  employed  in 
India  for  the  purpose,  will  account  for  thia  peculiarity  in  the  drawing,  ai  well 
M  in  the  subjoined  modificBtion  of  the  machine,  which  ia  merely  an  extension 
of  the  principle  to  the  fbrming  of  a  double  press.    By  thit  arrangement  double 


« 


^a&ctUproducedat  about  half  the  additional  coat  of  or..  ^  __ 
plana  were  worked  Iwether  (which  misht  alwaya  be  the  caae),  : 
RaM  Mat  being  fixed  In  the  ground,  it  might  be  put  on  a  mov 
lb  WMght  of  force  of  one  presa  would  counleibalance  that  of  (he 


.e  press ;  and  if  both 

ae),  instead  of  the 

Dvable  stand,  al 

he  other.    Tliis 

t  modea  of  walking  Che  prcsi  with  very 

- — _„.__.., ..a  of  the  horizontal  levers  a  rope  ii  luapended,  having 

■oaks  at  convenient  distances,  upon  which  auch  weighla  may  be  bung  as  may 
kronrd  necessary  to  give  Che  required  presaure  j  to  the  other  is  suspended  a 
«tkfl  (the  capacity  of  which  would  be  regulated  by  the  circum stances),  to 
t>ki  advantage  of  a  deacendijtg  current  of  water  (if  the  locality  admits  of  it), 
^  i4  a  reaervoir,  or  supply  pipe,  that  might  be  raised  to  a  proper  elevation  for 
'^  il;  when  the  operation  ia  conipleted,  aa  represented  en  one  side  of  the 
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pren,  the  bucket  railing  Bgaintt  ■  bul-piece  fixed  upright  in  achuuidar 
op«n«  a  valve,  Icta  &11  the  water  out  of  the  bucket,  and  ralievet  the  jni 
toe  force  of  iti  weight  Thus  in  a  utualion  where  water  ii  plentiful,  a  ■ 
of  large  presiei,  charged  witb  the  neeeutuy  materialj  for  obtaining  oO,  < 
jiuee,  might  beifilled  over-night;  the  next  morning  the  backet*  would  b< 
diKharged  uf  their  water,  and  the  previoualy  empty  recipientibe  found  fiDi 
oil  without  anf  attendance  whatever.  It  ii,  perhapi,  deserving  of  notice,  t 
■elf-Bcdng  propertj  of  these  presaet  adapts  them  for  situations  where  all 
could  be  taken  of  the  ebbing  and  flowing  of  the  tide;  the  riung  of  £bi 
would  thus  fill  the  buckets,  and,  upon  ita  falling,  leave  them  wspendi 
their  loads  to  do  the  work  of  the  press ;  the  return  of  the  tide  irDUld  I 
the  presiure  for  the  renewal  of  tt  upon  its  descent;  and  thus,  evaly 
hours,  the  preues  m^bt  be  worked  with  almost  unlimited  power,  and  i 
any  attendance  to  the  moving  force. 

The  most  powerful  and  the  most  convenient  machine  for  exprettiiig 
unquestionably,  the  hydrostatic  press  invented  by  the  lata  Mr.  mamah.  . 
of  uiis  kind  was  sent  out  to  Ceylon,  by  government,  in  the  year  1814,  wbi 
made  by  Mr.  Bramah  expressly  for  the  purpose  of  expressing  oil  from  tiM 
nut  kernel;  a  very  fidl  description  of  all  the  important  details  oT  w 
given  in  the  thirty-fourth  volume  of  the  TVoRsucfiDnf  ^  lAe  S<>eiett/  if  At 
although  the  hydrostatic  press  is  the  most  economical  machine  that  the  as 
can  employ,  its  expense  u  uuniited  to  the  means  of  the  imall,  or  middle^ 
&cturers,  to  whom  a  press  of  some  kind  !■  indispensable;  accordingly, 
lowing  one  has  been  designed  to  meet  their  wants. 

The  annexed  figure  gives  a  front  view  of  the  machine,  excepting  t' 
front  plate  which  encloses  the  lower  part  of  the  machine,  and  the  bear 
the  axes  of  the  cams  are  removed  to  show  better  the  construction,     a  a 
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high,  two  feet  wide,  and  1  foot  from  front  to  back.    6  is  the  preasing-head,  of 
■oUd  wood,  formed  into  three  wedge-shaped  teeth,  and  made  so  as  to  lit  into  a 
bed  eee,  of  a  corresponding  figure ;  d  a  are  two  cams,  firmly  attached  to  two 
expanding  levers  ee^  which  are  loading  at  their  extremities  by  suspending 
thereto  any  required  number  of  flat  circular  weights :  to  each  of  the  cams  a  strong 
hook,  bent  to, the  figure  of  the  former^  is  fixed;  and  these  hooks  passing  through 
eyes,  or  staples,  in  the  head  of  the  press,  lift  it  up  when  the  pressure  is  taken 
off,  allow  it  to  descend  without  obstruction,  and  Keep  them  always  connected. 
At  y  is  an  aperture  for  conveying,  by  means  of  a  pipe,  hot  air,  or  steam,  into 
the  chambers  ooo^  which  have  lateral  openings  one  into  the  other ;  the  angular 
roof  of  this  chamber  adapts  it  for  collecting  the  heat,  air,  or  vapour,  whence  it 
passes  throiieb  the  interposing  iron  plates  into  the  bags  under  pressure.     The 
osgi  being  puiced  between  the  wedges  as  shown,  the  pressure  is  given  by  load- 
ing the  levers  (which  may  be  drawn  out  to  any  length  required),  which  gra- 
dually causes  them  both  to  descend  to  the  position  shown  by  the  dotted  lines  e*  e* 
msAyf*;  at  which  time  the  cams  have  turned  a  quarter  round,  so  as  to  attain  a 
werticid  position  when  their  utmost  effect  is  produced.     The  bags  between  the 
'wredges  are  thus  compressed  by  a  great  force,  and  their  contents  reduced  to  hard 
^7  cakes,  while  the  expressed  oil  runs  off  in  the  angular  gutters  at  the  bottom, 
sod  is  conducted  out  of  the  machine,  by  a  pipe,  into  a  proper  recipient. 

The  operation  being  completed,  the  pressure  is  taken  off  by  removing  the 
'Weights  (already  dose  to  the  ground),  and  throwing  up  the  levers  which  lift  the 
Head  of  the  press,  the  chief  labour  of  which  may  be  obviated  by  a  counter- 
balance weignt     The  oil  cakes  being  taken  out  of  the  press,  other  bags,  pre- 
vioDsly  prepared,  are  put  in  their  place,  and  the  operation  renewed  simply  by 
loidiog  the  levers,  leaving  them  to  do  their  work  unassisted,  and  accumulate  in 
I>«wer  as  they  move  through  their  assigned  space.     It  should  here  be  observed, 
^^  owing  to  an  oversight  in  the  drawing,  the  levers  are  not  shown  as  fixed  in 
5^  best  position  for  commencing  the  operation.    They  should  be  placed  slightly 
^diiied  from  the  vertical  position ;   the  power  would  then  be  considerably 
^^tseaed  at  the  beginning,  and  vastly  increased  towards  the  end.    The  extre- 
^^itdei  of  the  cams  are  furnished  with  strong  anti-friction  rollers,  which  come 
^^to  action  at  Uie  end  of  the  process. 

The  action  and  power  of  this  press  may  be  described  and  estimated  thus: 

^M  levers  e  e  being  Jlxed  to  the  cams  act  with  them  as  entire  pieces,  hence 

^^ort  be  r^farded  as  two  bent  levers,  in  which  the  points  of  pressure  are  con- 

ly  chwging  their  position.      Now  supposing  5  cwt.  appended  to  each 

',  and  each  lever  wnen  drawn  out  to  be  ten  feet  long,  and  the  pressure 

be  given  at  one  inch  from  the  fulcnim,  this  would  give  a  power  of  120 

1,  or  60  tons  upon  the  head  of  the  press.    The  head  of  the  press,  it  will  be 

^^iiseryed,  moves  through  a  space,  the  treble  of  that  which  is  between  the 

^^fiposite  planes  of  the  wedge-formed  teeth,  consequently,  the  power  is  here 

^s^creased  threefold,  or  raised  to  180  tons ;  then,  by  applying  similar  levers  and 

"^^eights  to  the  opposite  ends  of  the  axes  of  the  cams,  we  have  the  force  of  360 

^'ont  upon  the  goods  in  this  little  self-acting  lever  press.     The  friction  in  such  a 

^lachine  is  undoubtedly  considerable,  but  as  any  additional  force  within  the 

^^^tts  of  the  strength  of  the  structure  may  obviously  be  added,  and  the  point 

^^f  pressure  be  brought  nearer  to  the  fulcrum  than  the  distance  mentioned,  at 

^He  close  of  the  operation,  any  required  power  may  be  obtained  at  the  period 

^hen  it  is  wanted,  to  squeeae  the  cakes  tlioroughly  dry.    The  oil-maker  will  do 

^ell  to  consider,  Uiat  the  force  transmitted  to  the  screw  presses  as  well  as  by  the 

^jdrostatic  is  m/emttffttv,  and  not  a  constant  setf-accumtdating  force,  as  exerted 

^J  the  lever  presses  we  have  just  described. 

fuk  OiL — In  the  Greenland  fisheries,  the  blubber  produced  from  whales  is 

5*at  into  small  pieces  and  packed  in  casks,  and  when  it  arrives  in  England,  it  is 

^Q  a  putrid  state.     It  is  started  into  a  large  receiver,  containing  about  twenty 

^nt.   There  is  a  semicircular  wire  grating  in  the  side  of  the  back,  close  to  the 

^Uom,  through  which  the  fluid  parts  drain,  the  wires  being  sufiiciently  close  to 

V^event  the  pieces  of  blubber  from  passing.     The  oil,  as  it  drains  through  this 

Snte,ii  to  be  conducted  by  means  of  a  copper  pipe  uito  another  back,  containing 
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about  the  same  quantity.  When  this  receiver  is  full,  it  is  left  two  or  th: 
hours  to  settle,  and  then  conducted  by  a  sluice  into  a  copper  heated  by  a  fire 
the  usual  way.  The  oil  is  stirred  until  it  has  acquired  heat  equal  to  225**  Fi 
renheit;  this  destroys  the  rancidity,  and  causes  the  mucilaginous  matter 
settle  at  the  bottom.  As  soon  as  the  oil  has  received  the  before-mentioB 
heat,  the  fire  must  be  drawn,  and  about  half  a  tun  of  cold  water  pumped  up 
the  surface  of  the  oil,  which  descending  cools  the  bottom  of  the  copper,  a 
prevents  the  adhesion  of  the  mucilaginous  matter  thereto.  The  oil  may  it 
be  run  off  into  coolers,  and  when  quite  cold  be  drawn  off  into  casks  for  use. 

Whale  oil  may,  however,  be  purified,  by  a  system  of  filtering,  without  i 
aid  of  heat  For  this  purpose,  the  long  cylindrical  bags  used  by  the  aa| 
refiners  are  sometimes  employed.  These  are  about  40  inches  long,  and 
inches  wide,  their  mouths  being  distended  by  wooden  hoops.  They  are  mi 
of  stout  canvass,  lined  with  flannel ;  and  between  these  two  substances  a  pai 
ing  of  powdered  charcoal,  or  bone  black,  is  quilted  throughout  in  a  stratum 
aTOUt  an  inch  thick,  which  detains  the  gelatinous  matter,  and  other  impuiiti 
This  oil  is  received  in  a  cistern,  containmg  water  at  the  bottom  to  the  depth 
about  6  inches,  in  each  20  gallons  of  which  is  dissolved  about  an  ounce  of  bl 
▼ibiol,  which  nearly  divests  it  of  the  impurities  that  escaped  the  filter,  and 
the  unpleasant  odour  it  had  before.  But  It  is  further  cleansed  by  a  second  wai 
ing,  in  another  cistern  of  water,  wherein  itisaUowed  to  remain  for  several  da 
and  then  filtered  several  times  through  charcoal;  and  lastly,  by  filtering  throu 
canvass  and  flannel  without  charcoaL 

Amongst  the  numerous  papers  on  tliis  subject  that  have  appeared  in  1 
scientific  journals,  we  select  the  following  process,  recommended  by  Mr.  Dosi 
where  the  utmost  purity  is  required,  and  particularly  for  the  woollen  mai 
facture.  , 

**  Take  a  gallon  of  crude  stinking  oil,  and  mix  with  it  a  quarter  of  an  ounce 
lime  slaked  in  the  air,  and  half  a  pint  of  water ;  stir  them  together,  and  wh 
they  have  stood  some  hours,  add  a  pint  of  water,  and  two  ounces  of  pearl  ash* 
and  place  them  over  a  fire  that  will  just  keep  them  simmering,  till  the 
appears  of  a  light  amber  colour,  and  has  lost  aU  smell,  except  a  hot,  greai 
soaplike  scent.  Then  superadd  half  a  pint  of  water,  in  which  an  ounce  of  m 
has  been  dissolved ;  and  having  boiled  them  half  an  hour,  pour  them  into 
proper  vessel,  and  let  tliem  stand  till  the  separation  of  the  oil,  water,  and  liii 
be  made,  as  in  the  preceding  process.  Where  this  operation  is  performed 
prepare  oil  for  the  woollen  manufacture,  the  salt  may  be  omitted ;'  but  tl 
separation  of  the  lime  from  the  oil  will  be  slower,  and  a  longer  boiling  will  I 
necessary.  If  the  oil  be  required  yet  more  pure,  treat  it  after  it  is  sepanti 
from  the  water,  &c.  according  to  the  second  process,  with  an  ounce  of  dialk, 
quarter  of  an  ounce  of  pearl  ashes,  and  half  an  ounce  of  salt." 

In  the  SouthrSea  fishery,  the  whalers  bring  home  their  oil  in  caski.  i 
consequence,  however,  of  the  wasteful  and  dangerous  nature  of  the  proei 
adopted  for  obtaining  the  oil  from  the  blubber,  some  presses  have  lately  bei 
sent  out  by  the  ships  to  express  the  oil  from  the  pieces  of  the  blubber  that  ha; 
been  boiled,  but  in  which  a  great  quantity  of  oil  still  remains.  All  thia  ofl  w 
formerly  allowed  to  remain  in  these  pieces,  called  "  scraps,"  and  was  with  Uic 
made  use  of  merely  as  fuel,  and  burned  under  the  *'  try-pots  "  or  boilers;  but 
consequence  of  the  extreme  inflammability  of  the  oil,  and  its  great  superabundaiH 
serious  accidents  occurred  by  the  flames  issuing  from  the  furnace,  and  catdiii 
the  oil  in  the  try-pots.  By  the  use  of  the  subjoined  machine  (in  p.  204)  "^ 
understand  that  the  dan|;er  beforementioned  has  been  obviated,  and  the  oil  cc 
tained  in  the  scraps,  which  was  before  wasted,  now  forms  a  sensible  poiticis 
a  ship's  cargo.  It  is  the  invention  of  Mr.  John  Blythe,  an  intelligent  em, 
neer,  of  Limehouse. 

Descr^tUm. — a  aaaaw  the  frame  of  the  press,  consistins;  of  a  strong  ea 
iron  bed  and  head,  and  wrought-iron  jambs,  secured  at  each  end  by  nuts  m 
screws ;  6  is  a  hollow  cylinder,  with  an  iron  plate  perforated  with  small  hoi 
resting  upon  ribs  in  the  bottom  of  the  cast-iron  cylinder,  as  shown  at  e ;  e  i 
spout  for  allowing  the  oil  to  run  off;  du  a,  follower,  also  made  of  caat  iroa 
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■  terrw  made  of  ntought  iron,  and  fitted  iato  an  inteniBl  tcrew  in  the  wheel  g; 
\'at  lerer  for  screwing  down  the  rollower,  when  great  ipced  and  but  liWe 
prenure  ia  required,  iia  h  bolt  wliich  is  put  ui  to  prevent  the  wheel  g  froni 
Inraiiig  nnind,  which  then  becomea  a  box  for  the  (crevr  to  work  through ;  when 
e  ii  necesaary,  thii  bolt  ii  withdrawn,  and  the  powet  of  ddc  or  more 


*^  tidied  to  the  kandleaj'y,  which  turn  an  endlcM  icrew,  and  give  motion  to  the 
"J^l,  ai  ihown  at  o  /  the  wheel  in  it>  revolution  bites  upon  the  undenlde  of 
rbe  head  of  the  preii,  and  coneequenlly  forces  the  screw  downwards,  with  the 
'bemwd  power  of  the  endless  screw  and  wheel  and  main  screw,  llie  scr^M 
*^  pat  into  the  cylinder  warm,  with  a  mntlreas,  (wicker  bosket,)  |  of  an  inch 
**>n  in  the  bottom,  to  prevent  the  hard  tubilaace  from  filline  up  the  holes  at  t. 
^Itn  tfa«  [««as  ia  charged,  it  ia  set  to  work  by  lint  icrewins  dowa  with  the 
**^e  power  of  the  screw  and  lever,  and  finished  by  adding  the  power  of  the 
^wtJ  and  endless  screw. 

Satin  OS  if  Laurel — This  extraordinary  and  vahishle  production  is  sup- 

l^caed  to  b«  ibc  only  koowD  instance  of  a  perfectly  volatile  liquid  obtainable 

^iAoot  the  .aid  of  art.     It  is  yielded  by  a  tree  of  conaiderable  height,  which  i* 

'««iMi  in  the  vast  fbresU  that  cover  Uie  flat  and  fertile  regions  between  the 

I  the  Parime,  in   South  America.    Tlie  wood  of  this   tree   is 

V  compact  in  ita  texluro,   and  of  a  brownish  colour,  and  it*  root* 

Wxiaod  widi  Mseolial  ofl.    llie  oil  ii  procured  by  ttrikiag  with  an  axe  the 

pnpet  veaaets  in  the  internal  layers  of  the  bark ;  while  a  calabash  is  held  to 

**c«VB  the  fluid  which  gushes  out  in  such  abundance,  Chat  several  quart*  may 

I       hi  caught  fiom  a  single  incision,  if  the  operation  be  performed  with  dexterity. 

I      IvBu^  retpecta  the  native  oil  resemble*  the  essential  obtained  by  expreuion, 

1      ™illilion,  and  other  artiflciol  processes:   it  is,  however,  more  volatile  and 

Jk      BfUf  Rciified  than  any  of  them,  it*  apecific  gravity  hardly  exceeding  that  of 
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alcohol.  When  pure  it  is  colourless  and  transparent ;  its  taste  is  warm  and 
pungent ;  its  odour  aromatic,  and  closely  allied  to  that  of  the  oily  and  resinous 
juice  of  the  conifcra.  It  is  volatile,  and  evaporates  without  residuum  at  the 
ordinary  atmospheric  temperature.  It  is  inflammable,  and,  except  when  mixed 
with  alcohol,  gives  out  in  its  combustion  a  dense  smoke.  Neither  the  acids  nor 
the  alkalies  seem  to  exert  any  sensible  action  upon  the  native  oil;  when  combined, 
however,  with  sulphuric  acid,  the  mixture  assumes  a  momentaiy  brownish  tinge^ 
but  soon  regains  its  transparency.  The  oil  of  laurel  dissolves  camphor, 
caoutchouc,  wax,  and  resms,  and  readily  combines  with  volatile  and  fixed  oils. 
It  is  insoluble  in  water;  soluble  in  alcohol  and  ether,  though  the  specific 
gravity  of  the  oil  exceeds  that  of  ether ;  the  compound  formed  by  combining 
them  in  the  proportion  of  part  of  the  former  to  two  of  the  latter  floats  upon 
the  surface  of  pure  ether ;  and  may,  therefore,  be  the  lightest  of  all  known 
fluids.  To  the  chemist,  and  the  vegetable  physiologist  in  particular,  native  oil 
of  laurel,  elaborated  by  the  unassisted  hand  of  nature,  in  a  state  of  purity 
which  the  operose  processes  of  art  may  equal,  but  cannot  surpass,  presents  an 
interesting  subject  of  inquiry,  and  a  wide  field  of  speculation. 

27ie  Oil  of  Birch  Barky  which  is  so  much  used  in  Russia  for  currying 
leather,  to  which  it  gives  a  peculiar  odour,  and  a  power  of  resisting  moisture 
beyond  any  other  dressing,  is  prepared  in  the  following  manner: — A  large 
earthen  pot  is  filled  with  the  thin  white  paper-like  externu  bark  of  the  birch- 
tree«  carefully  separated  from  the  coarse  bark ;  the  mouth  of  this  pot  is  closed 
with  a  wooden  bung  perforated  with  several  holes.     The  pot  thus  prepared  is 
then  turned  with  the  mouth  downwards,  and  luted  with  clay  to  the  mouth  of 
another  pot  of  the  same  size,  which  is  buried  in  the  ground.    The  upper  pot  is 
now  surrounded  with  fuel,  and  a  fire  is  made  and  continued  for  several  hours, 
according  to  the  size  of  the  pot.     When  the  operation  is  completed,  and  the 
apparatus  cooled  and  unluted,  the  lower  pot  is  fotmd  to  contain  a  quantity  of 
liquid  equal  to  about  60  per  cent,  by  weight  of  the  bark  employed ;  the  liquid 
consisting  of  a  brown  oil  mixed  with  pvroligneous  tar,  swimming  in  an  add     « 
liquor.     In  some  places  iron  pots  have  been  substituted  for  the  earthen  pots,     , 
the  mouths  being  separated  by  an  iron  plate  pierced  with  holes.    The  peculiar  ^3 
odour  of  the  oil  is  supposed  to  be  owing  to  a  resinous  matter  which  is  melted  ^ 
out  of  the  bark,  and  drops  into  the  lower  pot  during  die  process  of  distillation*.^^ 
In  conducting  ihu  operation  on  the  large  scale,  a  number  of  these  double  poi 
may  be  placed  in  the  horizontal  bed  of  a  reverberator^  finnace,  with  the  lowi 
pots  imbedded  up  to  their  necks  in  sand;    by  which  arrangement  a 
economv  of  fuel  and  labour  will  be  attained. 

For  further  information  on  the  nature  and  applications  of  oil,  see  the 
Spermaceti,   Tallow,   Wax,  Candles,  Fat,  Soap,  Elaine,   STKAam,  lai 
(Printers',)  Essential  Oils,  &c. 

OIL-COLOUR  CAKES.     A  convenient  preparation  for  the  use  of 
invented  by  Mr.  George  Blackman,  for  which  that  gentleman  was  awarded 
medal  by  the  Society  of  Arts.    Take,  says  Mr.  Blackman,  of  the  clearest 
mastich,  reduced  to  fine  powder,  four  ounces;  of  spirits  of  turpentine, 

Sint ;  mix  them  together  in  a  bottle,  stirring  them  frequently  till  the  mastidi  r 
issolved  :  if  it  is  wanted  in  haste,  some  heat  may  be  applied,  but  the  solutic 
is  best  when  made  cold.     Let  the  colours  to  be  made  use  of  be  the  best  ths^ 
can  be  procured,  taking  care  that  by  washing,  &c.  they  are  Inroufiht  to 
greatest  degree  of  fineness  possible.     When  the  colours  are  dry,  ^prind  them 
a  hard,  close  stone,  (porphyry  is  the  best,)  in  spirits  of  turpentme,  adding 
small  quantity  of  the  mastich  varnish.    Let  the  colours  so  ground  become 
dry,  then  prepare  the  composition  for  forming  them  into  cakes  in  the  fulluai^-iB 
manner : — Procure  some  of  the  purest  and  whitest  spermaceti  you  can  obtai       ' ' 
melt  it  over  a  gentle  fire  in  a  clean  earthen  vessel ;  when  fluid,  add  to  it  01 
third  of  its  weight  of  pure  poppy  oil,  and  stir  the  whole  well  together ; 
things  being  in  readiness,  place  the  stone  on  which  your  coloura  were  g 
on  a  frame  or  support,  and  by  means  of  a  charcoal  fire  under  it  make  the^ 
warm;   next  grind  your  colour  fine  with  a  muUer,  then  adding  a 
quantity  of  the  mixture  of  poppy  oil  and  spermaceti,  work  the  whole 
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with  a  muUer  to  a  proper  consistence ;  take  then  a  piece  of  a  fit  size  for  the 
cal^e  you  intend  to  mtke,  roll  it  into  a  ball,  put  it  into  a  mould,  press  it,  and  it 
wili  be  complete.  When  these  cakes  are  to  be  used,  they  must  be  rubbed  down 
Uk  poppy,  or  other  oil,  or  in  a  mixture  of  spirits  of  turpentine  and  oil,  as  may 
best  fait  the  conrenience  or  intention  of  the  artist 

OPERA-GLASS.  A  short  kind  of  telescope,  used  chiefly  in  theatres ;  it  is 
■ometimes  called  a  "  diagonal  perspective,"  firom  its  construction.  It  consists  of 
i  short  tube,  in  each  fide  of  wnich  there  is  a  hole  exactly  against  the  middle  of 
a  plane  mirror,  which  reflects  the  rays  falling  upon  it  to  the  convex  glass, 
through  which  they  are  refracted  to  the  concave  eye-glass,  whence  they  emerge 
panllel  to  the  eye  at  the  hole  in  the  tube.  This  instrument  is  not  intended  to 
Bagnify  objects  more  than  about  two  or  three  times.  The  peculiar  artifice  is  to 
new  a  person  at  a  smaii  distance,  so  that  no  one  shall  know  who  is  observed, 
for  the  mstrament  points  to  a  different  object  from  that  which  is  viewed ;  and 
ai  there  is  a  hole  on  each  side,  it  is  impossible  to  know  on  which  hand  the 
object  is  situated  which  you  are  looking  at 

OPIUM.  An  inspissated  gummy  juice,  which  is  obteined  chiefly  from  the 
white  poppy  of  the  East  (pt^Hwertomniferum),  It  may  also  be  obtained,  but  in 
a  small  quantity,  from  the  other  species  of  poppy.  It  is  imported  from  Persia, 
Arabia,  and  other  warm  parts  of  Asia,  in  flat  cakes,  covered  with  leaves,  to 
prevent  their  sticking  together.  It  has  a  reddish  brown  colon.*,  and  strong 
peculiar  smell ;  its  taste  is  at  flrst  nauseous  and  bitter,  but  this  soon  becomes 
acrid,  and  produces  a  slight  warmth  in  the  mouth.  In  Turkey  the  white  poppy 
is  in  great  cultivation,  for  the  purpose  of  affording  opium.  After  the  flowering 
of  theidant,  when  die  capsule  containing  the  seed  has  arrived  at  its  full  growth, 

ajtkt  longitadinal  incisions  are  made  in  the  capsules  towards  the  evening.  A 
ky  jmee  ooaes  out,  which  is  collected  the  next  day.  The  excess  of  moisture 
hebg  evaporated  in  the  sun,  it  assumes  the  consistency  fitted  for  making  it  into 
cakes,  in  which  state  it  is  fpund  in  commerce.  This  is  called  Turkey  opium,  to 
^tinguish  it  from  another  kind  brought  from  the  East  Indies,  which  is  gene- 
^y  softer  dian  the  Turkey,  of  a  darker  colour,  less  bitter,  and  more  disagree- 
able to  the  taste,  and  has  an  unpleasant  empyreumatic  smell.  When  opium  is 
foft  snd  friable,  of  a  blackish  colour,  and  has  an  empyreumatic  smell,  it  is  bad : 
Hi  taste  should  be  bitter,  but  not  sweet. 

OPOBALSAM.  The  most  precious  of  the  balsams ;  or  that  commonly  called 
Bilm  of  Gilead.  The  true  balsam  is  of  a  pale  yellowish  colour,  clear  and 
^vioipirent,  about  the  consistence  of  Venice  turpentine,  of  a  strong,  penetrating, 
^^Keable  aromatic  smell,  and  a  slightly  bitterish  pungent  taste. 

OPODELDOC.  A  solution  of  soap  and  alcohol,  with  the  addition  of  cam- 
phor and  v«^tile  oils.  It  is  used,  externally,  against  rheumatic  pains,  sprains, 
^nuies,  and  other  like  complaints. 

OPTICS.  The  science  which  treats  of  the  nature  of  light,  and  the  pheno- 
'iMia  of  vision.  Our  prescribed  limits  will  not  allow  of  our  giving  more  tlinn 
^  brief  outline  of  the  elements  of  this  sublime  science,  which  has  employed  the 
poii  of  some  of  the  most  illustrious  philosophers  in  successive  ages,  whose 
^vb  npon  it  are  both  elaborate  and  numerous.  For  the  larger  portion  of  the 
fatter  on  this  most  interesting  branch  of  natural  philsophy,  we  are  greatly 
><Mted  to  Mr.  A.  Pritchard,  and  other  modem  authors  of  eminence. 

The  natural  progress  of  the  ra3rs  of  light  is  in  straight  lines ;  yet,  like  all 
^te  matter,  lignt  is  influenced  by  attraction,  which  sometimes  turns  it  out  of 
^direet  course ;  this  happens  when  it  passes  out  of  one  medium  into  another  of 
^iftfent  density,  as  from  air  into  water  or  glass,  or  from  water  or  glass  into  air. 
iHii  dispcmdon  or  capability  of  light  to  be  bent,  is  called  its  refrangibiUty  ;  and 
^change  of  direction  actually  assumed,  when  the  rays  enter  another  medium, 
^taUsd  refraetUm,  A  very  easy  experiment  will  convince  any  one  that  light  is 
ivflueneed  by  some  peculiar  law  when  entering  or  leaving  one  medium  for 
'I'otWr.    Put  one  end  of  a  stick  into  water,  and  it  will  appear  as  if  it  were 

^'^n.    This  effect  is  owing  to  the  rays  of  light  being  attracted  or  drawn  out 

^  ^faeir  direct  course  on  entering  the  denser  medium  of  the  water.  It  is  neces- 

^^  Wever,  to  observe,  that  only  those  rays  which  enter  another  mediwrci 

^01.  U.  D   D 
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obliquely^  suffer  refraction ;  for  .rays  which  fall  perpendicularly  tt 
attracted  on  all  sides,  and,  therefore,  have  no  tendency  to  deviate  in  i 
tion.  If  a  shilling,  or  any  other  conspicuous  but  small  object,  be  pla 
bottom  of  a  basin,  and  the  spectator  retire  to  such  a  distance  that  tl 
the  vessel  just  prevents  its  being  seen,  and  the  vessel  be  then  filled  n 
the  shilling  will  become  perfectly  visible,  though  neither  it  nor  the 
change  their  place  in  the  slightest  degree.  In  this  experiment  the 
looks  at  the  snillin^  in  an  oblique  direction,  and  the  rays  proceeding  i 
which  it  is  rendered  visible  after  the  water  has  been  poured  in,  are  bei 
his  eye  on  entering  the  air.  The  greater  the  density  of  any  medium,  t 
is  its  refinctive  power ;  and  of  two  refracting  media,  that  which  is  of 
inflammable  nature,  will  have  a  greater  refiractine  power  than  the  otl 
incident  angle  is  the  angle  made  by  a  ray  of  lignt  and  a  line  draw 
dicular  to  the  refracting  surface,  at  the  point  where  the  ray  enters  the 
and  the  refracted  angle  is  the  angle  made  by  the  ray  in  the  refractinfl 
with  the  same  perpendicular  continued.  The  tine  of  the  angle  is  a  1 
serves  to  measure  the  angle,  being  drawn  from  a  point  in  one  leg,  pei] 
to  the  other.  In  the  subjoined  figure  A  C  D  is  the 
incident  angle,  H  C  £  the  refracted  angle,  and  B  C  H 
the  angle  of  deviation ;  A  F  is  the  sine  of  the  angle  of 
incidence ;  and  H  G  the  sine  of  the  angle  of  refraction. 
It  may  seem  extraordinary  that  light  should  .pass 
more  directly  through  a  dense  than  through  a  rare 
medium;  but  it  has  been  ascertained  that  light  is 
subject  to  attraction ;  and  Sir  Isaac  Newton  discovered 
and  demonstrated  that  this  power  is  the  cause  of  refrac- 
tion. The  truth  of  this  theory  is  confirmed  by  the  fact, 
that  the  change  in  the  direction  of  the  ray  commences, 
not,  as  might  be  supposed,  when  it  comes  in  con< 
tact  with  the  refracting  medium,  but  a  little  before  it 
reaches  the  surface;  and  the  incurvation  augments  in  proportion  as  it  f 
the  medium. 

The  term  len»  is  given  to  any  transparent  substance,  as  glass,  crys 
or  diamond,  having  one  or  both  surfaces  curved  to  collect  or  disperse 
transmitted  by  it  The  lenses  in  general  use  are  made  of  glass,  and  a 
called  magnifying  glasses.  Glass,  however,  does  not  possess  a  greati 
the  magnifying  property  than  other  transparent  substances.  Man 
availed  themselves  of  the  principle  of  refraction  to  excellent  purpose  i; 
struction  of  lenses ;  for,  by  grinding  the  glass  or  other  substance  thin 
edges  than  in  the  middle,  those  rays  of  light  which  would  strike  up 
straight  line,  or  perpendicularly,  if  it  were  plain,  strike  upon  it  obli< 
the  refraction  they  suffer,  causes  them  to  converge  ;  on  the  contrary,  I 
the  glass  thinner  in  the  middle  than  at  the  sides,  the  rays  are  refra^ 
trary  way,  and,  therefore,  become  divergent,  I'he  nature  of  refractto 
lenses  may,  perhaps,  be  rendered  more  clear,  if  we  reflect  that  all  ci 
faces  are  composed  of  straight  lines  or  points,  infinitely  short,  and  ii 
each  other  like  the  stones  in  the  arch  of  a  bridge.  When  parallel  rayi 
a  surface  of  this  sort,  it  is  evident  that  those  only  which  enter  the  n 
will  go  on  in  a  straight  direction  ;  those  which  strike  the  sides  will  tl 
obliquely,  and  will,  consequently,  be  made  to  converge.  If  the  sui 
perfect  curve,  it  is  clear  that  only  the  ray  that  strikes  the  centre  of 
will  enter  it  in  a  straight  direction ;  all  the  rest  will  be  more  or  less 
according  to  the  degree  of  obliquity  with  which  they  strike  the  surfkc 
whole  of  the  refracted  rays  will  converge  to  a  point  called  the  focus. 

Glasses,  or  lenses,  are  usually  ground  for  optical  purposes  into  eigh 
forms.  1 .  The  lens  may  be  flat  on  both  sides,  like  the  pane  of  a  wi 
It  may  be  flat  on  one  side,  and  convex  on  the  other.  3.  It  may  be  < 
both  sides.  4.  It  may  be  flat  on  one  side,  and  concave  on  the  oth 
may  be  concave  on  both  sides.  6.  It  may  be  convex  on  one  side,  an 
ou  the  other.  7.  It  may  have  one  side,  which  must  be  convex,  ground 
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faceU,  while  the  other  side  is  plain.     8.  It  may  have  considerable  length  in  a 
triangular  form.     No.  1  is  called  a  plane  glass  or  lens,  as  its  sides  are  parallel ; 


1. 


8. 


5. 


6. 


7. 


8. 


No.  2,  a  plano-convex  lens ;  No.  3,  a  double  convex  ;  No.  4,  a  plano-concave ; 
No.  5,  a  doable  concave ;  No.  6,  a  meniscus ;  No.  7,  a  multiplying  glass ;  and 
No.  8,  a  prism.  The  term  lens  is  usually  given  to  such  glasses  or  substances 
only  as  either  magnify  or  diminish.  Nos.  2,  3,  4,  and  5,  are  therefore  lenses ; 
Na  6  ii  also  a  lens  when  its  surfaces  are  portions  of  different  spheres ;  but  when 
ti)ey  are  of  equal  radii,  or  parallel,  it  nas  only  the  elSect  of  a  plane  glass. 
A  ray  entering  the  plane  glass,  No.  ],  will  ,be  refracted;  but  it  will  undergo 
another  refraction  on  its  emergence,  which  will  rectify  the  former ;  the  place 
of  the  object  will,  therefore,  be  a  little  altered,  but  the  figure  will  remain 
the  same.  Suppose  AB,  Fig,  1,  to  represent  a  solid  piece  of  glass  with  two 
parallel  surfaces,  an  incident  ray  E  F  will  be  refracted  into  F  G,  and  F  G  will 
he  refracted  on  passing  from  the  second  surface  into  G  H,  parallel  to  the  original 
<iirection  £F.     If  parallel  rays  enter  the  plano-convex  glass,  as  shown  by 


Fig.  1. 


J^-2,  the  ray  £  will  be  refrtfcted  upwards  to  F,  and  the  ray  K  will  be  refracted 
^VDwards  to  the  same  point ;  there  they  will  cross,  and  then  go  onward  in  a 
^^ht  line,  and  continue  to  divei^  till  intercepted  by  some  obstacle. 

When  parallel  rays  fidl  upon  a  double  convex 
tuii,  K  G,  they  will  be  refracted   still  more  Ii 

^j^nyrtly,  and  meet  sooner  in  a  point  or  prin-  ,.  •'* 

^•ptl  focus  at  F.  The  distance  of  this  focus  is 
^Qsl  to  the  semi-diameter  of  the  circle  which  the 
^{DvexiW  of  the  glass  continued,  would  produce, 
tidier  this  giaas  or  the  former,  as  they  collect 
^  rajrs  of  the  tun  into  a  point,  will  bum  at 
^pointy  the  whde  force  of  the  rays  that  pass 
^linKigh  ^em  being  concentrated  there. 

From  aU  luminous  objects,  the  rays  of  light 
IfBceed in  a  state  of  divergence ;  but  when  the  '-^ ^ 

jj>tance  from  which  they  come  is  very  great, 

^  (fnantity  of  divergence  is  too  small  to  require  notice.  The  fixed  stars 
^  the  tun,  for  example,  are  so  immensely  distant,  that  their  rays  are 
^^tys  conndered  as  parallel ;  and  it  is  only  parallel  rays  which  are  con- 
^^^Sed  to  a  focus  in  the  manner  described.  Divergent  rays  proceeding  from 
'point,  as  the  flame  of  a  candle,  will  be  differently  affected.  If,  therefore, 
'  ck&dle  be  placed  exactly  at  the  focal  distance  of  a  single  or  double  convex 
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lena,  the  rays  will  emerge  parallel  to  each  other.  If  the  candle  b 
nearer  to  the  glass  than  its  focal  distance,  the  rays,  after  passing  tlv 
glass,  will  no  longer  be  parallel,  but  separate  or  diverge.  If  we  o 
placed  still  further  off,  the  ra^s  will  then  strike  the  glass  more  nearly 
and  will,  therefore,  upon  passm^  through,  converge  or  unite  at  a  distaac 
the  glass,  more  nearly  approachmg  the  distance  at  which  parallel  rays  ^ 
converged.  After  the  rays  have  united  in  a  focus,  they  will  cross  eac 
and  form  an  inverted  picture  of  the  flame^  of  a  candle,  which  may  be 
on  a  piece  of  pflf>er  placed  at  the  meeting  of  the  rays  behind.  The 
the  inversion  of  the  image  is  evident,  the  upper  rays  being  those  whii 
from  the  under  part  of  the  luminous  body ;  and  the  under  rays,  on  the  i 
coming  from  the  upper  part 

In  looking  through  a  plano-convex  or  double  convex  lens,  the  object 
magnified  agreefd>ly  to  tne  rule,  that  we  see  every  thing  in  the  directio 
lines  in  which  the  rays  last  approach  the  eye ;  consequently,  the  la 
angle  under  which  an  object  is  seen,  the  larger  that  object  will  appear 
lenses  the  reverse  in  form  to  those  we  have  noticed,  we  naturally  exped 
effects ;  accordingly,  the  attractive  and  refractive  powers  of  a  piano 
and  double-concave  lens  are  not  towards  the  centre,  but  towards  the 
ference.  Parallel  rays  falling  upon  these  lenses  diverge,  or  are  dispersei 
already  diven;ent  are  renderea  more  so,  and  convergent  rays  are  n 
convergent;  hence  objects  seen  through  one  of  these  glasses  appeac 
than  to  the  naked  eye.  Let  a  b, 
in  the  subjoined  figure,  represent 
an  arrow,  which  would  be  seen  by 
the  eye,  if  no  lens  were  before  it, 
by  the  convergent  rays  acbi;  but 
if  the  double-concave  glass  D  H 
be  interposed  between  the  object 
and  the  eye,  the  ray  a  c  will  be 
bent  towards  g,  ana  the  ray  bi 
will  be  bent  towards  h,  and  conseouently  both  will  be  useless,  as  the; 
enter  the  eye.  The  object,  then,  will  be  seen  by  the  rays  aobr,  which,  i 
inff  the  glass,  wOl  be  refracted  into  the  lines  o  c  and  r  t ;  and,  accordinj 
rule  laid  down,  the  object  will  be  seen  in  the  last  direction  of  these  rays 
fore,  as  the  angle  ocr  is  so  much  smaller  than  the  angle  aci^  th 
necessarily  appears  diminished ;  and  as,  with  the  diminution  of  its  i 
size,  we  connect  the  idea  of  its  being  further  of^  it  seems  to  be  at 
tance  nm. 

The  miniscus  acts  like  a  convex  lens  when  it  is  thickest  in  the  midc 
is,  when  its  convex  surface  is  a  portion  of  a  less  sphere  than  its  cooca 
on  the  contrary,  when  it  is  thinnest  in  the  middle,  or  has  its  concave  m 
portion  of  a  less  sphere  than  the  other,  it  has  the  effect  of  a  concave  len 
axis  of  a  lens,  is  a  line  supposed  to  be  drawn  through  the  centre  of  its  i 
surfaces.  When  one  side  of  the  lens  is  plane,  the  axis  is  perpendiculai 
side.  The  axis  of  a  lens  continued,  would  pass  exactly  through  the  • 
that  sphere,  of  which  the  lens  is  the  segment  The  focus  of  a  piano-con 
is  at  a  distance  from  the  convex  surface  equal  to  the  diameter  qL4m 
of  which  it  is  a  part;  and  that  of  a  double  and  equally  oonyaz 
at  half  the  same  aistance.  The  distance  of  the  focus  of  a  solid  glob 
of  elass  is  one  quarter  of  its  diameter  firom  the  nearest  part  of  the  b 
explain  the  effect  of  the  multiplying  glass,  (No.  7,^  it  will  only  be  ne^ 
revert  to  the  principle,  that  objects  appear  in  the  direction  of  the 
described  by  the  rays  that  render  them  visible ;  hence,  if  the  object  £^  ( 
u  seen  through  the  glass  £  H  by  the  ray  B  A  that  passes  through  tba 
F  G,  the  object,  by  Sie  eye  at  A,  will  be  seen  at  B ;  the  ray  B  6  pastea 
the  surface  6  H,  and  after  refraction  comes  to  the  eye  in  the  direction 
as  it  proceeded  from  D,  and  therefore  the  object  appears  at  D ;  and  fort 
reason,  through  the  surface  F  £,  it  appears  at  C ;  consequentlyt  tbeie 
the  appearance  of  as  many  objects  as  there  are  flat  surfaces  on  the  g 
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each  of  them  shows  the  same  object  in  a  different  place.    The  disposition  of  the 
Ttys  of  light  to  be  turned  back  into  the  medium  from  whence  they  came,  is 


called  their  re^xUnUty;  the  change  of  direction  produced  by  their  being  actually 
turned  back,  is  called  reflection.  All  objects  which  are  not  themselves  luminous 
are  rendered  visible  by  reflection ;  and  glass,  crystal,  water,  and  the  most  pellucid 
media,  reflect  a  portion  of  the  rays  of  light  which  fall  on  them,  or  their  forms 
aod  substance  could  not  be  distinguished.  On  the  other  hand,  the  whole  of 
tl)e  incident  light  is  not  reflected  from  any  surface,  however  bright,  smooth, 
and  opaque.  It  is  calculated  that  the  best  mirrors  reflect  little  more  than  half 
^^  light  they  receive ;  the  part  lost  consists  of  two  portions,  one  of  which, 
^od  by  far  the  largest,  being  absorbed  by  the  mirror,  and  the  other,  scattered 
°y  irreeular  reflection.  Lif  ht  is  always  lost,  in  passing  through  the  most  trans- 
P^nt  bodies,  by  the  same  mws. 

The  different  refrangibility  of  the  raj^s  of  h'ght  is  demonstrated  by  the  prism. 
^'*  a  beam  of  light  from  the  sun  be  let  into  a  darkened  room,  and  be  received 
'^Pon  a  white  screen  or  opposite  wall,  it  will  form  a  circular  image,  and  will  be 
^^  one  uniform  whiteness.     If  a  prism  be  interposed,  so  that  the  light  must 
P^  through  it  before  it  reaches  the  wall,  the  image  is  no  longer  circular  or 
^^;  it  assumes  an  oblong  shape,  terminated  by  semicircular  arches,  and 
^ibits  seven  different  colours,    xhis  oblong  image  is  called  the  spectrum. 
'^  the  whole  range  of  philosophical  experiment,  a  more  beautiftil  appearance 
^^Dnot  be  presented  to  tne  eye,  and  instructive  nature  will  appear  not  leas  extra- 
^^^dinaiy  tnan  its  beauty,  when  it  is  considered,  that  the  mvestigation  of  the 
^Qse  of  it  led  Sir  Isaac  Newton  to  form  the  flrst  rational  theory  of  the  cause 
^  colours.    The  seven  colours  of  the  spectrum  are  called  the  original,  or  pri- 
mary colours.     If  a  spectrum  be  divided  into  100  parts,  the  red  part  of  it  is 
^^d  to  occupy  11  or  these  parts;  the  orange  8,  the  yellow  14,  the  green  17, 
^  blue  17,  tne  indigo  11,  and  the  violet  22.    The  red  part  of  the  spectrum 
^nearest  the  prism ;  and  the  violet,  at  the  greatest  distance.     It  is  clear,  from 
^ia,  that  light  is  not  homogenous,  because  the  attractive  power  of  the  prism  is 
Sfctter  upcm  some  parts  of  it  than  upon  other  parts.    Accordingly,  it  is  gene- 
^kr  conehided  that  the  solar  beam  or  white  light  is  composed  of  particles 
^wiDg  in  size  and  densih^ ;  that  this  difference  of  their  sue  and  density  is 
^  came  of  their  being  di&rently  rejfrangible ;  and  that  the  separation  of  the 
^^  at  oae  m  more  sixes  from  the  rest,  by  various  means,  produces  all  the  diver- 
^  of  colours  which  affect  our  sight.     It  is  found,  that  the  red  part  of  light  is 
^^aUe  of  struggling  through  thick  and  resisting  mediums,  when  all  the  other 
coioiurs  are  stopped.    Thus,  the  sun  appears  red  when  seen  through  a  fog. 
^^  psrtides  which  compose  orange  lijg;nt  are  next,  in  size  and  refiran^bility^  to 
^  i«d ;  and  so  on  to  the  violet,  which  consists  of  the  smallest  particles,  and 
^hich  are,  therefore,  the  most  turned  out  of  their  course.     White  is  composed 
^  itt  the  primary  colours,  mixed  together  in  their  due  proportions.     When 
^^odies  reflect  the  rays  of  light  in  the  proportion  in  which  they  exist  in  the  solar 
"Cam,  they  appear  white ;  when  they  reflect  none  of  the  rays,  thev  appear  black. 
Convex  lenses  in  their  simple  state  have  been  applied  to  collect  the  heat  of 
^  sun's  rays,  for  purposes  similar  to  those  of  burning  mirrors.    A  burning 
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lens  must  be  convex ;  a  burning  mirror,  concave ;  because  both  produce  their 
effect  by  concentrating  into  a  focus  the  rays  of  light  and  heat  incident  upon  a 
large  surface.  As  the  rays  which  pass  through  a  convex  lens,  or  are  reflected 
from  a  concave  mirror,  are  united  at  its  focus,  their  effect  is  so  much  the 
greater,  as  the  surface  of  the  lens  or  mirror  exceeds  that  of  the  focus.  Thus, 
if  a  lens  four  inches  in  diameter  collect  the  sun's  rays  into  a  focus  at  the  dis- 
tance of  one  foot,  the  focal  unage  will  not  be  more  than  one-tenth  of  an  inch 
broad.  The  surface  of  this  circle  is  1600  tiroes  less  than  the  surface  of  the 
lens,  consequently  the  density  of  the  sun's  rays  within  it  is  proportionately 
increased.  It  has  been  found,  that  large  lenses  and  mirrors  burn  with  irresis- 
tible  intensity  when  properly  constructed,  dispersing  the  hardest  metals  and 
other  substances  into  gas,  often  in  a  few  seconds.  See  Burning  Glass,  and 
the  various  other.optical  instruments,  under  their  respective  names. 

ORES.  The  natural  bodies  whence  metals  are  extracted.  Metallic  sub- 
stances, when  found  pure,  are  called  native;  but  when  combined  with  other 
substances,  as  they  generally  are,  they  are  denominated  ores.  As  it  is  of  the 
utmost  importance  to  be  acquainted  with  the  materials  of  which  ores  are  com- 
posed, as  well  as  the  simplest  and  easiest  processes  by  which  they  may  be  sepa- 
rated from  each  other,  we  deem  it  necessary  to  give  the  following  brief  account 
of  the  modes  of  reduction  usually  adopted. 

Ores  of  Gold, — Gold  exists  in  nature  only  in  the  metallic  state ;  but  it  is 
scarcely  ever  found  perfectly  pure,  for  it  is  alloyed  in  different  proportions  with 
silver,  copper,  tellurium,  and  some  other  metals.  When  it  is  alloyed  with  silver 
or  copper,  or  even  with  both,  the  gold  retains  its  ductility ;  but  when  combined 
with  tellurium,  its  distinctive  characters  entirely  disappear.     The  presence  of 
gold  may  easily  be  detected  by  treating  the  mineral  supposed  to  contain  it  with 
nitro-muriatic  acid,  and  dropping  muriate  of  tin  into  tne  solution.     If  the  solu- 
tion contains  any  gold,  a  purple  precipitate  immediately  appears.     Native  gold 
ought  to  be  dissolved  in  nitro-muriatic  acid  ;  the  silver,  if  any  is  present,  falls 
to  the  bottom  in  the  state  of  muriate,  and  may  be  separated  by  nitration,  and 
weighed.  Pour  sulphate  of  iron  into  the  solution,  and  the  gold  is  precipitated  in 
the  metallic  state.     The  copper,  if  any  is  present,  may  be  precipitated  by  meant  i 
of  a  plate  of  iron  ;  the  presence  of  iron  may  be  ascertained  by  aropping  tinctures 
of  nutgalls  into  a  portion  of  the  solution.  The  auriferous  pyrites  may  be  treatedi 
with  diluted  nitrous  acid,  which  dissolves  the  iron,  and  separates  the  sulphur ;; 

is  found  in  the  state  of  small  erains.     In  tha 


the  gold  remains  insoluble,  and  is  found  in  the  state  of  small  grains 
Hungarian  gold  mines,  which  are  the  richest  yet  known  in  the  old  continen 
the  attention  of  the  miner  is  not  merely  limited  to  the  strings  of  ore,  but  to 
whole  contents  of  the  vein,  which  are  usually  extracted,  and  raised  to  the 
face  in  large  masses.    These  masses  are  distributed  to  the  workmen,  who  I 
them  down,  first  with  large  hammers,  and  afterwards  with  smaller  ones,  till 
are  reduced  to  pieces  of  the  size  of  a  walnut ;  the  native  gold,  with  the  n 
attached  to  it,  is  again  to  be  broken  by  hand  into  still  smaller  pieces,  by  i 
means  other  impurities  and  stony  matters  are  separated.    The  ore  is  then  i 
duced  into  a  W(K)den  box,  floored  with  cast-iron  plates,  and,  by  the  action  of .. 
or  more  heavy  spars  of  oak,  which  are  shod  with  iron,  and  alternately  work* 
like  the  common  stamping  mill,  it  is  reduced  to  a  fine  powder;  this  powr 
which  is  called  flour,  is  then  removed  into  a  vessel  like  a  large  basin,  ana  mi 
with  such  a  quantity  of  salt  and  water  as  will  render  it  damp ;  the  workm...— 
then  takes  a  thin,  porous  leather  bag,  introduces  a  quantity  of  mercury  into 
and,  by  regular  and  continued  pressure,  forces  the  mercury,  in  very  min 
drops,  through  the  leather.  In  this  divided  state  it  falls  upon  the  pulverized 
ana  is  immediately  kneaded  up  with  it,  till  the  requisite  quantity,  which  dep 
on  the  proportion  of  gold,  has  been  added.     After  completing  this  part  of 
process,  the  next  object  is  to  incorporate  the  mercury  and  gold :  this  is  efiee 
by  rubbing  the  mixture  together  for  some  time  by  means  of  a  wooden  pest- 
the  mixture  is  then  heated  in  a  proper  vessel,  and  subjected,  for  three  or  €^ 
davs,  to  the  temperature  of  boiling  water ;  and,  lastly,  the  mixture  is  to  be  em-^ 
fiiliy  washed  by  small  parcels  at  a  time,  so  that  the  earthy  particles  ma)^    ^ 
carried  off  by  the  water ;  the  mercury,  combined  with  die  gold,  only  remtf^^ 
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behind  in  the  fonn  of  amalgam.  A  portion  of  this  mercury  is  then  separated, 
Vjr  pressure,  in  a  leathern  bag,  and  the  remainder  is  driven  off  by  distillation, 
leavinff  behind  the  gold  and  silver,  with  which  it  may  be  alloyed.  When  thn 
metal  is  found  in  other  ores,  they  are  first  roasted,  to  disperse  the  volatile  prin- 
ctplea^  and  to  oxidize  the  other  metals.  The  gold,  which  is  but  little  subject  to 
oxidation,  is  extracted  by  amalgamation  or  by  cupellation,  or  either  methods, 
idapted  to  each  ore,  according  to  its  properties  or  constituent  parts.  The  metal 
obtained  in  these  ways  is  always  more  or  less  alloyed,  particularly  with  silver 
and  copper.  The  first  step  in  its  purification  is  the  process  of  cupellation.  (See 
CijrEi.i.ATioN.)  The  gold,  after  it  has  been  submitted  to  this  process,  is  often 
lOoyed  with  silver,  which,  being  nearly  as  difficult  of  oxidation,  is  not  removed 
by  the  action  of  lead ;  and  hence  the  necessity  of  the  operation  denominated 
fortrnfff  for  which  see  PAariNo. 
Oret  of  PlaUnmm. — The  whole  of  the  platinum  which  has  been  brought  to 

.     Europe,  has  been  previously  subjected  to  the  process  of  amalgamation  in  South 
America;  and  hence  it  happens  that  a* small  quantity  of  mercury  remains  in 
it  In  treating  the  ores,  therefore,  the  first  object  is  to  separate  the  mercury  by 
means  of  heat,  either  in  an  open  ladle,  or  in  an  earthy  retort ;  the  platinum 
remainmg  after  the  mercury  is  thus  driven  off,  appears  much  yellower,  because 
the  particles  of  gold  dispersed  through  it  exhibit  their  peculiar  .colour.  Proust's 
method  of  analysis  is,  nrst,  to  separate  the  sand  with  which  the  grains  of  pla* 
tmum  are  mixed,  by  exposing  them  to  a  blast  of  air.     By  heat  he  evaporates 
the  mercury,  which  still  adheres  to  them,  and  then  picks  out  the  grains  of  gold, 
vhich  are  always  mixed  with  platinum,  and  which  are  thus  rendered  visible. 
The  ore  is  then  dissolved  in  an  acid  composed  of  one  part  of  nitre,  and  three 
puts  of  muriatic  acid ;  a  black  powder  remains :  this  powder,  when  roasted, 
Sivei  out  phosphorus  and  sulphur.     After  the  separation  of  the  gold,  nitro- 
^nriatic  acid  being  poured  on  the  remaining  mass  will  dissolve  it,  with  the 
exception  of  a  small  quantity  of  black  matter,  which  was  formerly  mistaken  for 
(hunbsgo,  but  is  now  proved  to  be  a  compound  of  osmium  and  iridium,  two  of  the 
^ouroew  metallic  bodies,  which  were  discovered  a  few  years  ago  by  Mr.  Tennant 
l^ese  two  metals  Dr.  Wollaston  has  since  shown  to  exist  also  in  the  crude  pla- 
num ore,  united  together  in  the  form  of  distinct  minute  crystals,  and  dispersed 
^lirough  the  other  grains,  from  which  they  can  be  distinguished  and  picked  out 
'^OQt  difficulty.     Muriate  of  ammonia  being  now  added  to  tlie  solution,  the 
^Utinum  is  precipitated  in  the  form  of  a  yellowish  powder,  which  is  a  compound 
^  muriatic  acid,  ammonia,  and  platinum :  the  remaining  solution,  after  the 
l^inom  has  been  separated  from  it,  still  contains,  besides  iron,  minute  quan* 
titles  of  various  other  substances,  amongst  which  the  two  other  metallic  bodies, 
falltdium  and  rhodium,  were  discovered  by  Dr.  Wollaston.  Having  now  brought 
^  platinum  to  the  state  of  salt,  the  next  object  is  to  restore  it,  thus  purified, 
^  its  metallic  state,  and  to  consolidate  it  into  a  malleable  mass ;  this,  from  the 
C^  infusibility  of  platinum,  has  long  been  a  matter  of  considerable  difficulty 
^  labour.     It  had  been  long  discovered  that  arsenic  readily  united  with  pla- 
tiDQiD,  and  formed  with  it  an  alloy  of  great  fusibility  ;  an  alloy,  therefore,  was 
^B*de  of  crude  platinum  and  arsenic ;  and  the  latter  metal,  being  easily  vola- 
ti^xed,  was  driven  off  by  heat,  whilst  the  iron,  being  oxidated  during  the  process, 
^  abo  separated  from  the  mass ;  so  that  the  platinum  was  left  in  «n  impure 
Vit  malleable  state. 

Ora  of  Silver. — The  analysis  and  reduction  of  these  difierent  ores,  it  is 
^ctrcely  necessary  to  observe,  must  be  conducted  according  to  the  nature  and 
(^portion  of  the  ingredients  which  enter  into  the  composition  of  the  ore  to  be 
^ttmined  or  reduced.  Pure  native  silver  requires  no  other  assay  than  fusion, 
^b  a  little  potash  to  free  it  from  its  earthy  matter.  In  the  humid  way,  the 
^er  may  be  dissolved  in  nitric  acid,  and  precipitated  by  common  salt ;  the 
P*<opitate  may  then  be  fused  with  soda  in  a  crucible,  by  which  the  silver  is 
<>^tiiiied  pure,  and  the  muriate  of  soda  sublimed.  The  auriferous  silver  ores 
^ybe  treated  with  potash,  by  fusion  in  a  crucible ;  the  alloy  of  silver  and  ^old 
^^t  obtained,  and  the  two  metals  may  be  separated  by  the  process  of  parting. 

k       '^  ores  which  consist  of  silver  combined  with  antimony,  or  arsenic,  or  both, 
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are  first  roasted,  to  drive  off  the  arsenic  and  antimony,  the  siliner  reinaining 
pure.  The  process  is  much  facilitated  by  the  use  of  nitre,  for  the  pinrpote  i 
oxidating  the  metals  to  be  dissipated.  The  ores  of  silver  are  reduced  eitner  bj 
fusion  or  amalgamation ;  the  rormer  method  is  chiefly  practised  on  native  aot 
phuret  of  lead  or  galena,  which  commonly  contains  a  portion  of  iDrer,  and 
often  in  such  quantity  as  to  make  its  separation  from  the  lead  a  pnofitaUe 
undertaking.  After  the  lead  has  been  extracted  from  the  ore,  the  object  of  the 
refiner  is  to  obtain  the  silver  in  a  separate  state,  which  is  dispersed  through  tlie 
mass  of  lead ;  this  is  performed  by  the  process  of  cupellation  on  a  large  scale, 
or  refining,  as  it  is  usually  termed.  The  other  process  of  reducing  filver  ofta 
bv  amalgamation  is  now  pretty  generally  followed  in  difierent  parts  of  Emtjpc; 
The  ores  which  are  subjected  to  amalgamation  are  such  as  contain  only  a  small 
quantity  of  lead  or  copper ;  but  it  is  of  some  importance  that  there  should  ba 
a  certain  proportion  of  iron  pyrites ;  and  if  this  proportion  be  not  naturaDy 
mixed  with  the  ore,  it  is  a  good  practice  to  supply  the  deficiency  by  adding  what 
is  wanting  to  the  dressed  ore,  so  that  the  pyritical  contents  may,  as  neHxij  aa 
possible,  be  in  a  certain  proportion  to  the  quantity  of  silver,  which  is  to  be 
ascertained  by  previously  assaying  a  portion  of  the  ore.  The  ore  being  reduced 
to  the  consistence  of  coarse  sand,  is  carefully  mixed  with  common  sut,  in  dM 
proportion  of  eight  or  nine  per  cent ;  when  the  sUver  in  the  ore  amounts  to 
eight  ounces  per  quintal,  and  when  the  latter  amounts  to  thirty-two  ounces,  or 
even  a  greater  proportion,  from  ten  to  twelve  per  cent,  of  salt  is  to  be  addetf. 
The  next  process  is  roasting  the  ore,  in  which  about  tliree  quintals  are  apread 
on  the  floor  of  a  reverberatory  surface,  and  subjected  to  a  moderate  red  heat 
During  the  roasting,  ^e  ore  is  to  be  turned  twice  or  thrice,  that  every  part  of  it 
may  be  e<|ually  exposed  to  the  heat.  When  the  whole  of  the  ore  is  roasted,  it 
is  ground  m  a  mill  and  passed  through  sieves,  by  which  it  is  made  as  fine  aa  mea^ 
and  is  then  prepared  for  the  proper  proccAs  of  amalgamation ;  this  is  performed 
in  the  following  manner:— A  number  of  small  barrels,  which  are  made  to 
revolve  rapidly  on  their  axis  by  means  of  machinery ;  or  fixed  tubs,  either  mm 
or  covered,  having  in  the  centre  of  each  an  instrument  resembling  a  chocolato 
mill,  which  may  be  turned  rapidly  by  similar  machinery ;  the  tuba  or  barrsb 
are  filled  about  one-third  with  water,  and,  afterwards,  a  sufficient  quantity  ol 
roasted  ore  and  mercury,  in  nearly  equal  proportions,  is  introduced,  so  that  tha 
whole  may  be  of  the  consistence  of  thm  mud.  The  machinery  is  put  in  motioOa 
and  continued  without  interruption,  for  thirty  or  forty-eight  hours,  according  tc 
the  nature  of  the  ore,  when  tne  amalgamation  is  completed.  About  a  quaitai 
of  an  hour  after  the  agitation  of  the  matter  in  the  barrels  has  ceasM,  ihm 
greater  part  of  it  falls  to  the  bottom,  and  is  withdrawn  by  opening  a  hole  mads 
for  the  purpose ;  the  earthy  residue  is  carefully  washed  by  small  portions  at  ■ 
time,  and  tnus  a  good  deal  of  the  amalgam,  which,  from  being  very  minutely 
divided,  could  not  sink  through  and  mix  with  the  rest,  is  recovered.  T1i»i 
earth,  however,  if  originally  ridi  in  silver,  still  retains  a  small  proportion  ;  it  is 
therefore,  dried,  and  being  mixed  with  about  three  per  cent  of  salt,  is  agai.^ 
roasted,  but  at  a  higher  temperature  than  at  first;  and  the  process  of  amalgana 
tion  being  again  repeated,  the  whole  of  the  silver  is  extracted.  The  flnS 
amalgam  is  strained  through  a  closely  woven  bag,  and  is  tlius  separated  in" 
nearly  pure  mercury  and  a  stifi*  amalgam ;  and  the  latter  being  subjected 
distillation,  the  mercury  is  driven  over,  and  the  silver  remains  behind :  fSM 
copper,  which  is  combined  with  the  silver,  is  separated  by  cupellation. 

Ores  of  Mercury, — These  present  less  variety  than  those  of  many  other  metaK 
and  on  account  of  the  pecuuar  properties  of  the  metal,  the  management  of  "M 
ores,  whether  for  the  purposes  of  analysis  or  reduction,  is  less  complicated  uM 
difficult  In  order  to  analvse  the  ore  of  native  mercury,  or  native  amalgsin 
it  may  be  dissolved  in  nitnc  acid.  The  gold,  if  any  is  present,  remains  in  tli 
state  of  powder,  and  may  be  estimated  by  its  weight  The  afiuaion  of  w«tM 
precipitates  the  bismuth,  if  the  solution  happens  to  contain  any.  Commoo  wA 
precipitates  the  silver,  and  also  part  of  the  mercury,  but  the  latter  may  be  redl^ 
solved  by  a  sufficient  quantity  of  water,  or,  which  is  far  better,  of  ozymuriatM 
acid,  while  the  muriate  of  silver  remains  insoluble ;  lastly,  the  mercury  may  ^ 
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precipitated  by  sulphate  of  iron,  and  estimated.     Native  cmnaoar  may  be  treated 
with  a  mixture  of  three  parts  muriatic,  and  one  part  nitric  acid,  which  dissolves 
the  mercury,  and  leaves  the  sulphur.     Muriate  of  mercury  may  be  digested  in 
^muriatic  acid,  till  the  whole  is  aissolved.     Muriate  of  barytes  precipitates  the 
^    sulphuric  acid,  100  parts  of  which  are  equivalent  to  186  of  sulphate  of  mercuiy, 
and  the  proportion  of  this  salt  being  known,  we  have  that  of  the  muriate.     A 
very  simple  process  is  followed  for  reducins;  the  ores  of  mercury ;  the  best  and 
most  acientinc  method  it  that  practised  at  the  mines  of  Deaux  Fonts  and  Poria. 
The  ore,  as  it  is  brought  out  of  the  mine,  is  carefully  sorted  by  the  hand,  and  those 
parts  which  seem  destitute  of  metal  are  rejected.     It  is  next  reduced  to  powder, 
and  accurately  mixed  with  one  fifth  of  quicklime,  which  has  fallen  to  powder 
'     by  exposing  it  to  the  air,  the  quantity  of  quicklime  being  regulated  by  tne  pro* 
portiaiis  of  cinnabar  containea  in  the  ore.    The  mixture  being  thus  prepared, 
u  introduced  into  iron  retorts,  which  are  capable  of  holding  about  sixty  pounds 
iieight.  The  retorts,  to  the  number  of  forty  or  fifty,  are  fixed  in  a  long  furnace, 
and  a  glass  receiver  is  attached  to  each,  but  it  is  not  luted.     A  moderate  heat 
is  then  applied,  for  the  purpose  of  driving  off  the  whole  of  the  moisture,  and 
when  this  ia  done,  the  jomings  of  the  vessels  must  be  closely  stopped  with  tem- 
pered clay,  and  a  full  red  heat  is  to  be  applied,  and  continued  for  seven  or  eight 
tumrs,  at  the  end  of  which  time  the  whole  of  the  mercury  will  be  volatilized, 
and  condensed  in  the  receiver.     By  this  process,  it  is  found  that  from  six  to  ten 
ounces  of  metal  are  mroduced  from  one  hundred  pounds  of  the  ore. 

Om  of  Copper. — ^This  metal  is  found  native  in  the  state  of  oxide,  in  the  state 

of  ndphuret,  and  in  that  of  salt,  combined  with  carbonic,  muriatic,  phosphoric, 

And  arsenic  acids.     Native  copper  sometimes  contains  gold,  silver,  or  iron.     It 

<XttT  be  dissolved  in  nitric  aeia :  the  gold  remains  in  the  state  of  a  blackish  or 

>*ather  violet-coloured  powder ;  the  suver  may  be  separated  by  a  polished  plate 

^^  copper  (or  it  may  be  precipitated  from  a  separate  portion  of  the  solution  by 

cqquqoh  sijt^ .  iiie  iron  may  be  separated  bv  boiling  the  solution  to  dryness, 

^nd  treating  the  residuum  with  water.    By  tnis  process,  the  nitrate  of  iron  is 

decomposed ;  the  oxide  of  iron  remains,  while  the  water  dissolves  the  nitrate  of 

^^)pper;  this  last  salt  may  be  decomnosed  by  boiling  it  with  potash ;  the  precipi- 

^^  dried  in  a  fed  heat  is  black  oxiae  of  copper ;  one  hundred  parts  of  it  denote 

^^ty  of  the  metallic  copper.    Sulphuret  of  copper  may  be  dissolved  in  dilutic 

^itrie  add ;  part  of  the  sulphur  remains  unaltered,  and  may  be  estimated  by 

^^oghing  it,  and  burning  it  off;  part  is  acidified,  and  may  be  precipitated  by 

^itrate  of  barytes,  100  parts  of  the  dried  precipitate  indicating  14.5  of  sulphur. 

-^y  evaporation  to  dryness,  and  solution  in  water,  the  iron  is  separated,  and  the 

^>^^pper  may  be  estimated  as  in  the  last  paragraph,  or  muriatic  acid  may  be  used 

^^^istead  of  nitric  acid,  but  in  that  case  it  is  more  difficult  to  obtain  a  complete 

^^tion.    The  usual  process  employed  in  our  Cornish  mining  districts,  for 

*  ring  copper  ores  to  the  metallic  state,  are  described  under  the  article 

PFEE,  (which  see.) 

Oret  cflron. — Notwithstanding  the  great  variety  of  iron  ores,  they  may  be  all, 

&ras  analysis  is  concerned,  arranged  under  three  heads;  namely,  sulphurets, 

idei^  and  salts.     The  first  are  distinguished  by  their  general  bronze  colour, 

t  more  particularly  by  the  suffocating  smell  of  sulphureous  acid  gas,  which 

^^ejr  i6Mr  by  being  heated  to  redness  in  the  open  air.    The  second  consist  of 

^^n  united  wi&  oxygen,  and  are  by  far  the  most  common  of  all.     Nearly  the 

^^hole  of  the  iron  ores  in  use  are  of  this  kind,  containing  also  different  propor- 

^<Ai  of  earthy  matter  in  Uieir  composition.   The  third  division  comprehends  such 

^^  oonaiat  of  the  oxide  of  iron  combined  with  some  acid,  and  hence  are  called 

^^ti;  the  principal  varieties  of  these  are  the  phosphates,  sulphates,  arseniates, 

^^  earbonates.   The  various  proceases  employed  at  our  great  iron  works  for 

^^  rsduetioii  of  Uie  different  apeciea  of  iron  ore,  are  given  under  the  article 

atOH. 

^Oret  <^  Xtn, — ^Tin-atone,  or  vein  tin,  as  it  is  called  in  Cornwall,  contains  a 

^"^  proportion  of  atony  matters ;  it  ^erefore  requires  considerable  care  in  its 

V^'panitiott,  previously  to  its  being  reduced.     It  is  first  broken  by  hammers  into 

t*^  about  the  size  of  a  hen's  egg,  when  it  is  ready  for  the  operation  of  stamp- 

*0L.  u.  E  s 
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iiig,  which  is  performed  in  the  way  already  described  for  the  ores  of  giA) 
excepting  that  there  are  only  three  stampers.  A  tin  plate  of  about  a  iw 
square,  and  pierced  with  holes,  to  admit  a  moderate  sized  knitting  needle, 
inserted  in  front  of  the  trough,  and  that  surface  of  the  plate  with  the  roi:^ 
extremities  of  the  holes  is  on  the  inside,  by  which  the  holes  are  prevented  froi 
being  plugged  up  with  the  ore.  As  the  ore  is  reduced  to  the  proper  finenet 
it  passes  witii  the  water  through  the  holes  into  the  labyrinth  where  it  is  collectei 
and  aAer  being  washed  on  a  wooden  table,  it  is  ready  for  roasting.  In  this  stml 
it  has  a  considerable  proportion  of  copper  and  iron  pyrites,  and  is  called  bUc 
tin ;  after  being  calcined,  at  a  low  red  heat,  for  several  hours  in  a  large  reve 
beratory  furnace,  the  ore  comes  out  of  a  bright  ochrey  red  colour,  owing  to  tl 
decomposition  and  oxidation  of  some  of  the  metallic  substances ;  but  the  oxic 
of  tin,  when  the  operation  is  properly  conducted,  remains  unaltered.  The  a 
is  washed  a  second  time,  to  separate  the  remaining  impurities,  and  the  wate 
which  is  impregnated  with  sulphate  of  copper,  is  retained,  and  decomposed  li 
means  of  old  iron.  The  reduction  of  .the  ore  is  the  next  step  in  the  process ;  seve 
cwt.  of  roasted  ore,  with  one  Hfth  of  its  bulk  of  small  coal,  are  introduced  inl 
a  reverberatory  furnace,  which  is  about  seven  feet  long,  and  three  and  a  ha 
wide — no  lime,  or,  indeed,  flux  of  any  kind,  is  required.  A  brisk  heat  is  ke| 
up  for  about  six  hours,  the  tin  sinking  down  as  it  is  reduced,  and  covered  wil 
black  scoriae.  The  furnace  is  now  tapped,  and  the  metal  flows  into  a  shallo' 
pit ;  when  the  whole  of  the  metal  has  run  out,  the  scoriae  are  removed  froi 
the  furnace,  and  a  fresh  charge  is  made.  The  metal  in  the  pit  throws  up 
slag,  rich  in  metal,  which  is  immediately  returned  into  the  furnace,  and  sA: 
the  melted  tin  has  cooled  a  little,  it  is  taken  out  with  ladles,  and  poured  in 
granite  moulds ;  each  charge  affords  on  an  average  from  four  to  five  cvt 
metal,  but  as  the  first  scoriae  are  not  entirely  free  from  metal,  they  are  ag« 
stamped  and  washed,  and  mixed  with  a  new  parcel  of  roasted  ore.  The  pff^ 
tin  are  next  put  into  a  small  reverberatory  furnace,  where,  without  any  addit^ 
they  arc  subjected  to  a  very  gentle  heat ;  the  purest  part  of  the  tin  melts  &i 
and  is  drawn  ofl)  forming  what  is  called  common  grained  tin ;  the  other  parte« 
tains  some  copper,  arsenic,  and  iron,  which  is  brought  to  a  state  of  fusion,  m 
cast  into  pigs,  forming  common  tin. 

Ores  of  Lead. — Tlic  methods  of  reducing  lead  ores  have  been  given  under  t 
article  Lead.     See  also  Separation. 

'  Ore^  of  Bismuth. — Bismuth  is  accompanied  by  native  silver,  galena,  acmi 
other  metals,  and  earthy  substances.      In  conducting  the  analysis,  jpn^nm 
roasting  is  not  requisite.     The  low  degree  of  heat  at  which  bismuth  is  kadbk 
renders  the  reduction  of  the  ores  of  this  metal  a  very  simple  process.    In  dM 
large  way,  the  ores  were  formerlv  reduced  merely  by  heating  them  along  with 
burning  fuel ;  sometimes  a  shallow  hole  was  made  in  the  ground,  and  SM 
loosely  with  pieces  of  wood  and  bushes,  and  after  the  fire  was  kindled,  the  tf^ 
reduced  to  small  pieces,  was  thrown  in ;  sometimes  the  stump  of  a  hollow  piM 
tree  was  filled  with  wood  and  ore  alternately,  and  set  on  fire,  the  bismuth  Mpi- 
rated  from  its  matrix,  and  collected  in  a  mass  at  the  bottom ;  the  scarcitv  of  wood 
has,  however,  put  an  end  to  these  rude  and  extravagant  methods,  and  the  on 
of  bismuth  are  now  reduced  in  a  common  reverberatory  furnace,  the  bed  ti 
which  is  lined  with  charcoal,  whence  the  melted  metal  is  removed  in  iron  lidH 
and  cast  into  masses  weighing  twentyvor  thirty  pounds,  in  which  stats  it  ■ 
brought  to  market. 

Ores  of  Zinc. — 'fhe  ores  of  zinc  are  the  native  carbonate,  or  commoo  etli* 
mine,  the  oxide  of  zinc  and  blende,  or  the  sulphuret  of  zinc  In  the  proeoi 
for  reducing  the  ore  of  zinc,  it  is  first  to  be  broicen  into  small  pieces,  and  tlH 
difierent  impurities  beine  separated,  it  is  next  calcined  in  a  reverbentoiy  tDV" 
nace,  at  a  moderate  red  heat ;  and  if  the  ore  be  calamine,  the  carbonic  aod  ii 
driven  ofl*,  and  if  blende,  it  is  deprived  of  its  sulphur.  After  this  it  is  wsihfld 
and  the  metallic  oxide  being  separated  from  the  earthy  parts,  it  is  dried,  m 
carefully  mixed  with  about  one  eiehth  of  its  weight  of  charcod^  by  grindingjb 
ingredients  together  in  a  mill,  and  is  now  ready  for  the  smelting  process.  TbJ 
is  performed  m  a  circular  furnace,  in  which  are  fixed  six  luge  earthen  pol 
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tbout  four  feet  high,  and  nearly  in  the  shape  of  oil  jars.     An  iron  tuhe  is  in- 
serted into  the  bottom  of  each  pot,  and  passing  through  the  arched  floor  of  the 
fiiraace,  terminates  in  a  vessel  of  water  placed  beneath,  while  the  other  end  of 
the  tube  rises  within  the  crucible  to  a  few  inches  of  the  top.     The  crucibles  are 
then  filled  with  the  mixture  of  the  ore  and  charcoal,  to  the  level  of  the  tube ; 
the  cover  of  each  is  carefully  luted  on,  and  an  intense  heat  is  to  be  kept  for 
Kveral  hours.    The  zinc,  as  the  process  of  reduction  goes  on,  rises,  in  the  form 
of  Tapoor,  to  the  top  of  the  pot,  but  as  it  cannot  escape,  it  descends  through 
the  iron  tub^,  passes  into  the  water,  and  is  condensed  in  small  drops.     The 
globdes  are  afterwards  fused,  and  cast  into  the  form  of  ingots,  when  it  is  fit  for 
the  market ;  but  as  common  zinc  contains  a  little  of  other  metals,  as  copper, 
lead,  arsenic,  iron,  and  manganese,  which  impair  its  quality,  these  impurities  are 
partially  separated  by  melting  the  zinc  in  a  crucible,  and  stijrring  into  it,  with  a 
s^k  or  earthen  rod,  a  mixture  of  sulphur  and  fat;  by  the  latter,  the  zinc  is 
preserved  from  oxidation,  and  the  sulphur  combines  with  the  other  metals, 
ctcept  the  zinc,  and,  converting  them  into  sulphurets,  they  rise  to  the  top  in  the 
form  of  scoriffi,  which  may  be  removed.    This  process  is  to  be  repeated  as  long 
at  any  scoriae  appear.     See  Zinc 

Ores  of  An^mony. — ^The  sulphuretted  ore  of  antimony  is  the  only  one  which 
is  fband  in  sufficient  quantity  to  be  employed  in  the  process  of  reduction  in  the 
Isige  way,  and  the  process  it  undergoes  is  extremely  simple.  The  ore,  being  sepa- 
ls from  the  greater  part  of  the  stony  matters  which  adhere  to  it,  is  placed  on 
^e  bed  of  a  reverberatory  furnace,  and  covered  with  charcoal  powder,  and 
iMiog  brought  to  a  low  red  heat,  the  sulphuret  enters  into  fusion,  and  the  earthy 
parts,  floating  on  the  surface,  are  removed  with  a  rake.  I'he  melted  part  is  cast 
^to  the  form  of  large  cakes,  and  is  the  crude  antimony  of  the  shops.  The 
^etal  is  obtained  in  a  state  of  purity  from  the  crude  antimony  or  sulphuret,  by 
Cerent  processes.  After  its  reduction  to  a  pure  state,  it  has  been  long  known 
»T  the  appellation  of  regulus  of  antimony.  In  the  reformed  chemical  noraen- 
^atore,  mdeed,  it  is  now  called  simply  antimony,  but  the  term  regulus  still  con- 
'iimn  to  be  used  by  the  merchant  or  the  artisan.  (See  Antimony.)  The  ores 
^  CdhaUy  Nlckelj  Artenic,  TUaniumj  and  Manganese^  are  noticed  under  their 
Doetallic  heads. 

ORGAN.  A  large  and  very  harmonious  musical  instrument,  of  considerable 
^tiquity.  They  were  first  introduced  into  this  country  about  the  fourteenth 
^tury,  althougn  instruments  of  a  similar  nature,  but  of  a  less  refined  construe- 
^MQ,  were  in  use  long  prior  in  some  of  the  cities  of  the  southern  and  western 
pwti  of  Europe.  During  the  civil  wars  they  were  removed  from  the  churches 
IQ  England,  and  so  generally  reprobated  tnat  there  could  scarcely  be  found 
either  organists  or  organ-builders ;  but  after  the  Restoration,  owing  to  the  defi- 
ftency  of  workmen  and  musicians,  liberal  encouragement  was  offered  for  the 
iiitrodttction  of  foreign  talent,  and  the  re-establishment,  at  home,  of  our  native 
^inifrants.  The  most  conspicuous  of  those  who,  in  consequence,  came  over  to 
'^umtter  to  thepublic  taste,  were  Bernard  Schmidt  (afterwards  distinguished  by 
1^  name  of  Father  Smith)  and  Renatus  Harris;  and,  it  appears,  these  two 
'i^vidoals  were  so  nearly  matched  in  ability,  that  several  public  trials  were 
'^e  to  determine  whose  instrument  was  entitled  to  superior  estimation,  which 
**i  finally  adjudged  to  Father  Smith.  In  the  Universal  Magazine  for  1778,  a 
9^t  account  is  given  of  this  controversy  from  the  pen  of  an  anonymous  cor- 
respondent This  occurred  diuring  the  reign  of  Charles  II. ;  and  of  the  organs 
^  vere  constructed  at  that  period  by  Harris,  several  fine  ones  are  said  to  be 
**>Daining  in  London  ;  namely,  that  of  St.  Bride,  St.  Lawrence,  and  St.  Mary 
^.  Of  those  constructed  by  Father  Smith,  may  be  enumerated  that  for 
St  Panl's,  St.  Mary  Woolnoth,  the  Temple  Church  (where  the  contest  took 

t),  St.  Mary,  Oxford,  and  Trinity  College,  Cambridge ;  all  of  which  have 
highly  celebrated  for  their  tone  and  the  variety  of  their  powers,  embracing 
^  vox  humana  stop,  the  cremona,  the  flute,  and  many  others.     It  is,  indeed, 
<Mttidered  by  many  reputed  judges,  that  these  old  instruments  far  surpass  in 
Unt  any  of  more  modem  construction,  notwithstanding  the  great  improve- 
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meiits  in  the  mechanism  of  organs  by  By  field,  Snetzler,  Green,  Gray,  FK 
and  others. 

The  modem  organ  is  a  very  complicated  and  ingenious  piece  of  meebftl 
Although  it  is  spcwen  of  as  one  instrument,  yet,  strictiv  speaking,  it  is  a  ooi 
tion  of  instruments,  all  brought  under  the  fingers  or  one  performer ;  an 
contrived,  that  he  has  it  in  his  power  to  play  on  any  one  singly,  or  to  com 
several,  or  all,  according  to  his  taste,  in  oraer  to  produce  variety  of  eikoH 
consists,  even  in  its  simplest  form,  of  a  number  of  sets  of  pipes,  each  proda 
the  twelve  notes  of  the  chromatic  scale,  and  comprisine  several  octaves^  aoe 
ine  to  the  usual  key-board.  The  magnitude  and  grandeur  of  Uiese  instmiii 
chiefly  depend  on  the  number  and  variety  of  the  stops  and  sixes  of  Oie  pipei 
that  the  difierence  of  effect  which  it  is  in  the  power  of  an  able  organist  to  prod 
is  almost  endless.  To  give  a  particular  detail  of  the  construction  of  organs,  wi 
scarcely  accord  with*'our  prescribed  limits,  and  would,  in  a  great  measure  1 
repetition  of  many  of  the  parts  described  under  the  head  of  Apollonicon  ; 
shall,  therefore,  close  the  subject  in  this  place,  by  referring  the  reader  to 
account  of  the  latter  instrument,  and  to  the  article  Organ,  in  the  Oxford  JSi 
chpadia,  which  contains  much  interesting  information  on  this  subject,  \ 
several  engravings,  explanatory  of  the  mechanism  of  the  several  kinds  of  orgi 

ORPIMENT.  A  mineral  substance,  consisting  of  arsenic  combined  i 
about  forty-three  parts  of  sulphur,  and  is  about  thrice  as  heavy  as  water.  ] 
found,  both  in  a  massive  and  crystallized  state,  in  Turkey,  Hungary,  and  m 
other  countries.  The  orpiment  of  commerce  is  an  artificial  production,  chi 
imported  from  different  parts  of  the  Levant  A  beautifiil,  but  fugitive  pigm* 
called  king's  yellow,  is  prepared  from  this  mineral.  (See  Painting.) 

ORRERY.  An  astronomical  instrument,  for  exhibiting  the  motions  of 
heavenly  bodies,  was  first  constructed  by  Graham  ;  but  its  name  is  derived  fi 
one  made  by  Howley  for  the  Earl  of  Orrery.  It  is  now  generally  called  Pla 
TARiuM,  (which  see.) 

ORRIS-ROOT.  The  root  of  a  white-flowered  kind  of  iris,  called  Fhnn 
Iritf  which  is  a  native  of  Italy,  and  is  distinguished  by  having  two  flowcn 
each  stalk  ;  the  petals  bearded,  and  the  leaves  sword-shaped.  In  a  dried  tt 
this  root  is  well  known  on  account  of  its  grateful  odour,  which  somen 
approaches  that  of  the  violet  It  is  consequenUy  much  used  in  the  manuftct 
of  hair-powder,  and  other  articles,  for  which  an  agreeable  scent  is  required, 
is  sometimes  employed  in  medicine  as  a  pectoral  or  expectorant,  and  someti] 
in  dropsies.  In  a  recent  state,  the  root  is  extremely  acrid ;  and,  when  chen 
excites  in  the  mouth  a  pungent  taste,  which  continues  for  several  hours ; 
this  acrimony  is  almost  wnolly  dissipated  by  drying.  Orris-root  is  chl 
imported  into  this  country  from  Leghorn. 

OSCILLATION,  Centre  of.  That  point,  in  a  body  vibrating  by  its  grav 
in  which,  if  any  body  be  placed,  or  if  the  whole  mass  be  collected,  it  will  perfi 
its  vibrations  in  the  same  time,  and  with  the  same  angular  velocity,  as  the  wl 
body,  about  the  same  point  or  axis  of  suspension.  The  centre  of  osciUat 
may  be  thus  found:  suspend  the  body  by  the  given  point,  so  that  U  a 
vibrate  freely  in  small  arcs,  and  count  the  number  of  vibrations  it  makes  i 
minute ;  then  will  the  distance  in  inches,  of  the  centre  of  osciUation,  be  eq 
to  the  number'  140,850,  divided  by  the  square  of  the  number  of  vibratk 
Thus,  suppose  any  irregular  body  were  set  in  vibration,  and  made  30  vibiati 

in  a  minute,  then      _  _-     =  156}  inches.    The  number  140,850  is  obtati 

by  multiplying  39 j^  inches,  the  length  of  a  seconds  pendulum,  by  the  squan 
60,  the  number  of  vibrations  it  makes  in  a  minute. 

OSMIUM.  A  metal  lately  discovered  by  Mr.  Tennant  among  platina,  t 
thus  called  by  him,  from  the  pungent  and  peculiar  smell  of  its  oxiae.  The  p 
metal,  previously  heated,  did  not  appear  to  be  acted  upon  by  acids.  Heatec 
a  silver  cup,  with  caustic  alkali,  it  combined  with  it,  and  gave  a  yellow  aoluf 
similar  to  that  firom  which  it  was  procured.  From  this  solution,  acids  separ 
the  oxide  of  osmium. 

OVEN  is  a  general  term  applied  to  variously  formed  apparatus  employed 
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baking  or  dirin^  different  substances,  many  of  which  have  been  described  in 

the  course  of  thin  work ;  we  shall  therefore  confine  ourselves,  in  this  place,  to 

an  account  of  that  particular  class  of  ovens  which  are  used  for  the  baking  of 

bread.     The  common  baker*s  oven,  "  upon  the  old  principle"  (as  it  is  now  dis- 

tisguished),  is  usually  a  vaulted  chamber  of  brickwork,  of  an  ovd  shape,  and 

having  an  iron  door  and  frame  in  front;  and  there  is  mostlv  added  in  ^e  upper 

part  an  enclosed  closet  with  an  iron  grating,  for  the  **  tins    to  stand  on,  called 

the  proving  oven.  To  heat  these  ovens,  faggots  are  usually  employed ;  these  are 

put  malde,  and  burnt  to  ashes,  which  are  afterwards  remove^  and  ihe  bottom 

deared  out.  During  this  process  a  great  deal  of  the  heat  escapes ;  and  as  a  still 

fimher  length  of  time  is  required  to  charge  the  oven  with  the  bread,  the  oven 

most  necessarily  be  made  much  hotter  at  first  than  is  required  for  the  baking 

temperature ;  and,  conse^ently,  a  great  waste  of  fuel  is  the  consequence.     K 

tliis  heat  be  not  greatly  m  excess  at  first,  the  oven  gets  chilled  before  all  the 

Vread  is  put  in,  and  causes  the  latter  to  sink  and  become  *'  heavy."  To  remedy 

thii  inconvenience,  ovens  of  more  recent  construction  are  hwlt  upon  a  solid 

bate  of  brickwork,  with  a  door  of  iron  in  front ;  and  on  one  side  of  this  is 

toother  iron  door,  opening  into  a  small  furnace,  provided  with  a  grating,  on 

which  the  fiiel  (coal)  is  laid,  and  an  ash-hole  underneath.    The  fire-chamber  is 

separated  from  the  oven  by  means  of  a  partition,  but  is  open  at  the  end :  over 

thu  is  usually  erected  a  copper  with  a  cock  to  it,  for  heating  and  supplying 

irater  to  the  bakehouse ;  and  on  one  side  of  the  copper  is  situated  the  proving 

eren,  also  inclosed  in  the  brickwork.     In  heating  the  oven,  the  draught  from 

^fireplace  causes  the  flames  and  heated  gases  to  sweep  and  reverberate  around 

the  circular  walls  and  dome ;  and  the  soot  that  may  be  at  first  deposited  upon 

tbe  brickwork  is  subsequently  burnt  off,  as  the  fire  bums  clear,  or  is  brusned 

away  before  the  bread  i>  put  in  by  a  swab,  such  as  is  used  for  cleansing  the 

decks  of  ships  at  sea.    The  farthest  extremity  of  the  fire-chamber  is  usually 

ftorided  with  a  sliding  door,  by  the  opening  or  closing  of  which  the  heat  may 

Ix  regulated ;  and  thus,  as  well  as  from  the  proximity  of  the  fire  and  chamber, 

the  heat  of  the  oven  may  be  kept  up  during  the  time  the  bread  is  being 

iQt  m. 

An  oven,  invented  by  Count  Romford,  and  termed  the  perpetual  oven,  has 

Ven  much  extolled ;  ana  though  we  have  never  seen  it  in  use,  it  deserves,  firom 

Id  originality,  ingenuity,  and  convenience,  to  be  better  known.  For  the  baking 

«f  imall  bread,  pastry,  and  the  like,  its  utility  is  manifest.    The  following  is 

^  description  given  of  it  by  the  Cotmt,  with  the  manner  of  using  it : — "  In  the 

<Qtre  of  a  circular,  or  rather  a  cylindrical  mass  of  brickwork,  about  eight  feet 

in  diameter,  which  occupies  the  middle  of  a  lai^e  room  on  the  ground  floor,  1 

constructed  a  small  circular  closed  fireplace  £r  burning  either  wood,  coals, 

^  or  peat;  the  diameter  of  the  fireplace  is  about  11  inches,  the  grate  being 

|beed  aoout  10  inches  above  the  floor,  and  the  top  of  the  fireplace  contracted 

^  about  4  inches ;  immediately  above  this  narrow  throat,  six  separate  canals 

if^  famished  with  a  damper,  by  means  of  which  its  opening  can  be  contracted 

^Mie  or  less,  or  entirely  closed,)  go  ofi*horizontany,  by  which  the  flame  is  conducted 

^toaix  separate  sets  of  flues,  under  six  large  plates  of  cast-iron,  which  formed  the 

^Mtom  of  six  ovens  on  the  same  level,  and  joining  each  other  b\'  their  sides, 

^liich  are  concealed  in  the  cylindrical  mass  of  brickwork.    £ach  of  these 

]iiates  of  cast-iron  being  in  the  form  of  an  equilateral  triangle,  they  unite  in 

^  centre  of  the  cylin£ical  mass  of  brickwork ;  consequently,  the  two  sides 

^  each  unite  in  a  point  at  the  bottom  of  it,  formine  an  angle  of  sixty  degrees. 

*nie  flame,  af^  circulating  under  the  bottoms  of  mese  ovens,  rises  up  in  two 

^lasls,  concealed  in  the  front  wall  of  each  oven,  and  situated  on  the  right  and 

^  of  its  mouth ;  and,  after  drculatinff  again  in  similar  flues  on  the  upper  flat 

^"thet  of  another  triangular  plate  m  cast-iron,  which  forms  the  top  of  the 

i       oven,  goes  ofi*  upwards,  by  a  canal  furnished  with  a  damper  into  a  hollow  place, 

I      atoated  on  the  top  of  the  cylindrical  mass  of  brickwork,  from  which  it  passes 

A      ^  m  an  horizontal  iron  tube,  about  7  inches  in  diameter,  suspended  near  the 

I      ct2xBg  of  the  room,  into  a  chimney,  situated  on  one  side  of  the  room.     These 

»     Bx  oreos,  which  are  contiguous  to  each  other  in  this  mass  of  brickwork,  are 
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united  by  their  sides  by  walls  made  of  tiles,  about  an  inch  and  a  half  thick,  and 
ten  inches  square,  placed  edgeways,  having  its  separate  canals  Airnished  with  a 
register  communicating  with  the  fire-place.  Any  one,  or  more  of  thero,  may 
be  heated  at  the  same  time  without  heating  the  others ;  or  the  beat  may  be 
turned  off  from  one  of  them  to  another,  in  continual  succession  ;  and,  by 
managing  matters  properly,  the  process  of  baking  may  be  uninterrupted.  As 
soon  as  the  meat-pies,  or  puddings,  are  drawn  out  of  one  oven,  the  fire  may  be 
immediately  turned  under  it  to  heat  it  again,  while  that  from  under  which  the 
fire  is  taken  is  filled  with  other  dishes,  and  closed  up."  We  have  heard  of  several 
ovens  having  been  erected,  of  which  this  plan  of  Count  Rumford  forma  the 
groundwork. 

Hkh'M  economiceU  Oven, — In  the  year  1830  a  patent  was  taken  out  b^  Mr. 
Robert  Hicks  for  **  an  economical  apparatus  or  machine  to  be  applied  m  the 
process  of  baking  for  the  purpose  of  saving  materials ;"  and  for  carrying  this 
invention  into  eftect  on  the  great  scale,  the  Metropolitan  Bread  Company  (now 
extinct)  was  established.    The  saving  of  materials  mentioned  in  the  title  just 
ouoted,  had  reference  to  the  saving  of  the  vinous  spirit  which  is  generated  by      ^^ 
tne  fermentation  of  the  dough,  and  is  given  ofi*  chieny  in  the  process  of  baking.  ..^ 
This  spirit,   when   duly  rectified,   is  pure  alcohol,    and   the  quantity   thus 
obtained  from  bread  has  been  variously  stated ;  but  we  believe  it  amounts  t 
nearly  a  gallon  per  sack  of  flour  when  the  oven  is  perfect,  and  the  joints  we] 
luted.    To  make  a  chamber  or  retort  so  impervious  as  to  carry  on  Uie  procc 
of  distiUation  as  well  as  that  of  baking,  would,  of  course,  be  impracticable  wi 
such  porous  and  friable  materials  as  brick  and  stone ;  Mr.  Hicks,  therefore, 
adopted  one  of  iron,  laving  inside  upon  the  bottom  a  floor  of  bricks,  tliat  t 
scorching  a  heat  might  not  be  communicated  from  the  metal  to  the  bread ; 
fire  is  made  under  the  oven,  at  a  proper  distance,  and  brick  flues  communicattnn 
with  the  fire  chamber,  arc  carried  around  the  outside  of  the  oven,  so  as  t 
envelope  every  part     The  door  of  the  oven  is  made  to  fit  it  accurately  b 
grinding,  and  is  brought  into  close  contact  bv  a  transverse  bar  and  screw,  in  t' 
manner  of  closing  the  mouths  of  retorts.     In  the  centre  of  the  top  of  the  ov 
a  large  tube,  or  neck,  is  fixed  vertically,  extending  from  the  brickwork  whi<_ 
covers  the  iron  chamber ;  in  this  tube  the  vapours  from  the  bread  are  collecte* 
and  are  thence  conducted  by  a  lateral  pipe  into  a  common  distiller's  w< 
which,  being  surrounded  by  cold  water,  the  vapours  become  condensed,  and 
resulting  liquid,  composed  chiefly  of  water  and  alcohol,  in  the  state  of  "Icz 
wines,"  is  drawn  off  into  suitable  receptacles  for  subsequent  rectification.     1 
order  to  regulate  the  temperature  of  the  oven,  an  iron  tube,  about  the  size  ol~ 
musket  barrel,  and  about  a  foot  long,  and  closed  at  the  lower  end,  is  suspend 


vertically  in  the  middle  of  the  neck  by  passing  it  through  a  conical  hole  in  tir     i 
latter,  to  which  it  is  closely  fitted :  in  this  tube  oil  is  deposited,  and  into  the    -^fi 
is  suspended  the  bulb  of  a  thermometer,  whose  graduated  scale  above  exhila^iBf 
the  temperature  of  the  oil,  and,  consequently,  very  nearly  that  of  tlie  oven.  "^^V 
equalize  the  application  of  heat  to  the  oven,  Mr.  Hicks  adopted  the  revalvi^Eet 
fireplace  of  Steel  and  Bnmton.  For  this  purpose  the  oven  is  made  circular,  8.ii« 
at  about  a  foot  from  the  bottom  of  it  is  a  lar^e  circular  plate  of  the  sain* 
diameter  as  the  oven  (six  feet),  which  turns  in  a  norizontal  plane  on  a  vertica/ 
axis,  forming  a  complete  partition  between  the  fire-place  and  the  ash-pit,  exctpf 
where  the  nre-grate  is  situated,  which  is  made  of  a  sectorial  form,  and,  come- 
qucntly,  readily  admits  of  being  shifted  into  or  out  of  its  place ;  and,  in  order 
mat  the  air  which  is  admitted  into  the  ash-pit  to  promote  the  combustion  of  tlie 
fuel  may  not  be  diverted  from  its  proper  course,  tne  rim  of  the  circular  plate  ii 
provided  with  a  descending  rim,  which  dips  into  an  annular  channel  filled  with 
water,  forming  what  is  called  an  hydraulic  joint.  Mr.  Hicks  states  in  hia  sped 
fication,  that  when  the  thermometer  before-mentioned  indicated  a  temperatui 
of  280O  Fahr.,  the  oven  is  at  a  proper  heat  for  baking,  and  that,  during  t) 
process,  a  heat  fh>m  280o  to  SlQo  should  be  maintained ;  and  we  know  that 
this  temperature  bread  may  be  perfectly  baked.     Notwithstanding  this  c 
ciimstaticp,    we    have    proved,    experimentally,    that    the   heat   of  ordin 
hhker's  ovens  is  usiiallv  not  less  ihaii  800°  Fahr.  at  the  time  the  first  breai 
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pal  ia ,-  but  the  rapidly  cooling  influences  il  is  anerwardi  lutqecled  to,  probably 
mxlen  mcb  a  higb  temperature  neCeisary  at  the  commencemeDt  of  trnkiog  t^ 
the  ordlnAiy  process;  Ibii  apparently  enuili  luch  a  truteful  expenditure  of 
btl,  that  it  u  well  deserving  of  investigation  vhicb  of  tbe  tvo  modea  of  baking, 
llut  of  a  greMt  heat  at  th«  commeacement  oolyi  or  tbat  of  a  moderate  heat 
MUlDued  Uirougbout  tbe  proceu,  ii  the  besL  It  hu  been  held,  that  the  latter 
ba  the  advantage  of  rendering  tbe  bread  sweeter,  bjr  ihe  vapour  carmng  off 
Dillers  that  are  both  uniBTOury  and  prejudicial ;  vbile  the  former,  Ironi  the 
nfoor  being  relaiiud  iu  tbe  oven,  infect*  the  bread.  But  this  opinimi  can 
Ian  but  a  slight  buii  to  rest  upon ;  a  little  reflection  will  afaow  as  tbat  in  ' 
*'^-'-  Dven,  aa  in  others  of  tbe  same  class,  the  vapour  mml  pou  ofl*  somehow, 
e  it  would  become  dense,  and  acquire  so  much  expaniive  force,  at  a 
_,_  .  Jire  of  300°,  a«  taburst  i^n  the  oven.  The  elasticity  of  tbe  vapoiir 
Ib  n,  like  that  of  a  commou  still,  can,  therefore,  but  little  exceed  the  pressure 
rf  llw  atmoapbere ;  but  this  weak  steam  is  hu hly  healed  b;  radiation  iTom  the 
l«|^  ndei,  and  bottom  of  the  oven,  and  thus  Uie  baking  is  eflected.  Now,  if  we 
owider  the  mean  heat  of  a  common  baker's  oven  to  be  4S0°  (and  we  know  it 
ii  not  less),  it  is  quite  obvious  that  dense  steam  at  a  euch  temperature  could  not 
dill  in  a  structure  of  tbe  kind;  nor,  indeed.  Hi  B  heat  much  above  212°.  And 
■  1I2«  is  much  below  a  baking  temperature,  by  far  tbe  greater  part  of  the 
T^nutiied  water  must  escape,  in  tbe  form  of  steam,  through  some  chinks  or  fil- 
net  in  the  brickwork  or  door;  for  if  it  did  not,  the  density  of  the  steam 
Midd,  infallibly,  Knn  blow  open  tbe  oven.     Tbe  baking  is,  in  this  case,  as  in 

lbs  former,  effected  b^  means  of  weak  steam,  surcharged  with  heat,  by  radia- 

6gn  from  the  top  of  the  oven,  which  must 

iBtoK,  because  it  has,  from  ita  arched  form,  ti 

the  bnad,   and  baa  to  suffer  a  continual 

■btiactioa     without    any    fresh    supply ; 

iemt   aiisea    tiie   question,    whether   the 

loss  of  cahmc,  radiating  from  the  arched 

top  of  the  common  brick  oven,  i*  greater 

B  snount  than,  tbat  which  escapes  unused 

hf  cootiliiioua  beating  at  a  lower  tempera- 

tnre.  There  are,  however,  other  considera' 

lions  which  should  enter  into  the  inquiry, 

■Ucb  we  have  not  space  to  pursue  farther, 

ta  must  proceed  to  the  next  subj 

vnsoit*  itsdf  to  our  attention, 
fancstii 


neceuarily  receive  a  higher  tempe- 
to  operate  at  a  greater  distance  from 


bject  that 
This  is  a 
OTCD,  which,  we  are  informed, 


It  is 


&•  tat,  which  passes  over  the  exterior 
siifsna  of  the  sides,  the  back,  and  bottom 
rftkeoren;  ebtheliiTnace;  Jtheasb-p' 
t  ibe  kick-work  enclosing  the  c 
M  blended  that  anything  shouia  nepiacea 
«  lU  bottom  of  the  oven.  The  shelve* 
■B  Mtt  fcrmsd  of  iron  plates,  but  cMlsist 
Mdl  at  two  oblong  tnvats  of  wrought 
kw,  plaaed  side  by  side,  a  little  distance 
ifsrt  ftom  each  other.  The  oven  is  sup- 
nted  at  the  back  by  horizontal  bm 
tad  in  lbs  tttiekwork  at  each  corner, 
tbs  frcnl  of  the  o*en  has  three  separate 
4aotB  aad  framea ;  one  larger  one  lor  the 
tnn  part,  two  snuiUsr  underneath  for  the 


2M 


OVENS. 


Nolwilhntatidin^ 
to  poneu  the  common  defect  of  tlie  ordinarf  ovena  BtUched  ti 
that  of  communicating  a  icoTchin^  heat  in  one  part  of  the  broad,  n 
article,  while  tlie.oppoaite  lide  of  it  is  comparadvelj  cold.  I^kilful  Of 
may,  bv  turning  die  bread  freqneoll;,  and  carefuUt' regulating  the  tempi 
bake  tolerably ;  but  witbout  tome  verjr  active  circulating  intermeditn&i  a 
atlentioD  will  not  luffiea  to  bake  in  a  proper  maniier.  How  far  theaa 
are  obviated  in  a  recent  invention,  denominated  Hebert'i  Patent  Domtatfa 
the  reader  will  determine.  The  object  of  the  inventor  hai  been  to  pti 
verv  cbeap  and  durable  apparatus,  capable  alike  of  baking  bread  prop« 
cooking  otber  kindi  of  food ;  tbey  are  made  of  vorioua  aizeo,  to  ada|)t  t 
the  wants  of  different  individuals,  and  are  rendered  oa  portable  at  [Mad 
niit  the  requirement!  of-the  army  and  navy.  We'  ahall  here  add,  bf 
example,  a  description  of  the  imalleit  aiie,  which  we  law  in  the  wareb 
the  agents,  Messrs.  Donaldson  and  Glasgow,  of  Birmingham. 

J^,  1  exhibits  an  external  view  of  the  whcde  apptratui ;  the  outdd< 
(  being  simply  a  well-made  cast-iron  boiler,  or  pot,  which,  when  oNd 


(Aat  is,  witliout  the  internal  apparatus  described  underneath,)  is  uiplie 
all  the  various  uses  of  otlier  boilers, — but  il  possesses  this  further  advont 
having  a  strong  double  cased  iron  lid  e,  ground  to  lit  so  ctoselv  as  to  | 
the  radiation  of  heat,  and  the  escape  of  the  rarefied  steam,  while  it  «Ml 
nits  dense  elastic  vapour  to  pass  <^  The  vessel  is  lo  be  suspended  ov«i 
front  of  a  lire,  and  in  the  case  of  the  larger  sites,  thejr  may  be  conn 
set  in  brickwork,  after  the  manner  of  common  boilers. 

For  the  purpose  of  baking  bread  or  pastr]^,  the  roasting  of  meat,  sb 
□f  potatoes  and  other  vegetables,  &c.,  there  is  placed  inside  the  pot  daK 
in  FSg.  I  a  perforated  vessel,  shown  in  Fh.  2.  This  vessel  is  made  of : 
cast-iron,  and  drilled  with  holes  at  the  side  and  bottom ;  and  by  meaai  i 
projecting  studs,  it  is  held  steadily  in  tbs  middle  of  the  outer  veaid,  « 
leave  a  free  space  of  about  a  quarter  of  an  inch  between  both;  aronod 
■pace  there  is  constant  circuktion  of  extremely  hot  vapour,  which  a 
upon  every  part  of  the  bread  or  other  material  placed  therein.  To 
Ae  l^ter,  uere  is  a  movable  bottom,  shown  separately  in  the  aii 
^.  3,  which  is  removable  at  pleasure ;  but  it  serves  to  correct  the  ti 
M  too  much  heat  in  this  part,  when  the  oven  is  su^ended  over  a  atni 
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Fig.^. 


Fig.  5. 


it  ftcilitates  the  discharge  of  the  contenti  of  the  oven, 
and  is  easily  kept  perfectly  clean. 

Inside  of  Fig,  2  there  u  also  placed  occasionally  a 
connected  series  of  shelves,  or  pans  ddj  which  may 
either  consist  of  two,  as  represented  in  the  annexed 
%.  4,  or  of  a  greater  number  in  the  larger  sizes. 
These  are  for  the  purpose  of  baking  small  bread,  rolls, 
biscuits,  tartSy  &c. — the  roasting  of  potatoes,  for  frying 
or  stewing  meat,  &c — which  may  easily  be  withdrawn 
from  the  oven  by  means  of  the  bail  handle  e,  which  is 
jointed  so  as  to  fall  down  on  either  side. 

A  fifUi  appendage,  for  roasting  meat,  is  also  supplied. 
It  consists,  as  represented  in  I^,  5,  of  a  circular  drip- 
|»ng  pan^  having  an  upright  spit  a  in  the  centre,  and 
a  jointed  bail  handle  for  putting  it  m  or  taking  it  out  of 
tlie  oven.  The  pan  serves  equally  well  for  broiling, 
fiying,  and  other  processes,  which  every  cook  will  com- 
prehend without  explanation. 

The  patentee  states,  that,  by  the  application  of  the 
leveral  parts  of  this  apparatus,  either  in  their  single 
•tate,  or  combined  in  the  various  ways  explained,  bread 
and  all  other  kinds  of  food  may  be  baked^  roasted, 
boiledf  tUwedj  or  friedy  with  the  utmost  facility  and 
economy ;  the  instructions  for  which  are  sent  out  with 
each  of  the  ovens. 

OXALIC    ACID.     This  acid,   which  abounds   in 
wood  sorrel,  and  which,  combined  with  a  small  por- 
tion of  potash,   as  it  exists  in  that  plant,  has  been 
sold  under  the  name  of  salt  o/lemorh  to  be  used  as  a  substitute  for  the  use  of 
that  fruit,  particularly  for  discharging  ink-spots  and  iron-moulds,  was  long  sup- 
posed to  be  analogous  to  that  of  tartar.    The  oxalic  acid  is  a  good  test  for 
deteetia^  lime,  which  it  separates  from  all  the  other  acids,  unless  they  are 
present  m  excess.     It  has,  likewise,  a  greater  affinity  for  lime  than  for  any  of 
the  other  bases,  and  forms  with  it  a  pulverulent  insoluble  salt,  not  decomposable 
except  by  fire,  and  turning  sjrrup  of  violets  green.     Some  fatal  accidents  have 
^^rred  from  persons  mistaking  this  salt  for  Epsom  salts;  two  or  three  drachms 
^  the  oxalic  acid  acting  as  a  violent  poison. 

OXIDATION.  The  process  of  converting  metals  or  other  substances  into 
^des,  by  uniting  them  with  a  certain  proportion  of  oxygen. 

OXIDEIS.  Substances  combined  with  oxygen  without  being  in  the  state  of 
*D  acid.  There  are  several  oxides  of  the  same  substances,  differing  in  the  pro- 
portion of  oxygen  they  contain.  When  a  substance  combines  with  only  one 
pnportion  of  oxygen,  it  is  termed  the  protoxide:  with  two  proportions  of 
^£60,  it  forms  Uie  deutoxide  or  binoxide ;  with  three,  the  tritoxide  or  ter- 
<w;  and  with  four,  the  peroxide. 

OXYGEN,  which,  uncombined,  is  known  only  as  a  gaseous  substance,  was 
^■eovared  by  Dr.  Priestley,  in  1774.  It  has  been  called  dephlogisticated  air, 
^Bpjreal  air,  and  vital  air.  The  term  oxygen  was  given  on  the  supposition 
teitwas  the  sole  cause  of  acidity.  This  substance  is  highly  important  in  the 
^Bononiy  of  nature,  as  it  forms  about  a  fiflh  part  of  our  atmosphere,  and  is 
iibiBdaDtly  contained  in  water,  acids,  salts,  and  oxides. 

Qsygen  gas  may  be  obtained  from  a  varieW  of  sources.    The  peroxide  of 
^mgmae,  of  lead  and  mercury,  also  nitre  and  chlorate  of  potash,  yield  large 
WBititiai  when  exposed  to  a  red  heat    The  substances  most  commonly  em- 
psyed  to  procure  it,  are  nitre,  peroxide  of  manganese,  and  chlorate  of  potash, 
if  tttialt  of  potash  be  exposed  to  a  red  heat  in  a  coated  glass  or  earthen  retort, 
via  a  gun  barrel,  a  quantity  of  oxygen  gas,  (about  1200  cubic  inches  from  a 
fmaad  of  nitre,)  will  be  given  ofl^  but  this  is  liable,  particularly  towards  the  end 
if  the  process,  to  be  contaminated  with  nitrogen.    From  the  peroxide  of  man- 
ganese, the  gas  may  be  obtained  either  by  heating  the  substance  red  hot  in  a 
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gun  barrel,  or  by  putting  it  in  the  state  of  a  fine  powder  into  a  flask,  witb  abo 
an  equal  weight  of  concentrated  sulphuric  acid,  and  heating  the  mixture  I 
means  of  a  lamp.  In  the  dry  way,  one  ounce  of  peroxide  of  manganese  shod 
yield  about  128  cubic  inches  of  oxygen.  The  gas  procured  in  this  way  is  tofi 
ciently  good  for  ordinary  purposes,  but  when  required  of  great  purity,  it  is  betl 
obtained  from  chlorate  of  potash.  For  this  purpose  the  salt  is  to  be  put  ill 
a  green  glass  retort,  and  heated  to  redness.  It  first  liquefies,  and  then  < 
increase  of  heat,  is  wholly  resolved  into  pure  oxygen  gas,  which  escapes  wi 
effervescence,  and  into  a  white  compound  called  cMoride  of  potassium,  which 
left  in  the  retort. 

Oxygen  gas  is  a  little  heavier  than  atmospheric  air.  Its  specific  gravi^ 
1.111;  one  hundred  cubic  inches  weighing  34.454  grains.  It  is  sparing 
absorbed  by  water,  100  cubic  inches  dissolving  only  3  or  4  of  the  gas ;  but  una 
great  pressure  it  may  be  made  to  take  up  half  its  bulk.  It  has  neither  ac 
Dor  alkaline  properties,  for  it  does  not  change  the  colour  of  vegetable  blues^  n 
does  it  evince  any  tendency  to  unite  with  acids  or  alkalies.  It  nas  neither  sm< 
nor  taste.  It  refracts  light  feebly,  and  is  a  non-conductor  of  electricity.  It 
the  most  perfect  negative  electric  we  possess,  always  appearing  at  the  poeiti 
pole  when  any  compound  containing  it  is  submitted  to  galvanism.  It  is  esse 
tial  to  the  support  of  animal  life :  an  animal  will  live  in  it  a  considerable  tin 
longer  than  in  atmospheric  air ;  but  its  respiration  becomes  hurried  and  laboriot 
before  the  gas  is  consumed,  and  it  dies,  though  another  animal  of  the  san 
kind  can  sustain  life  for  a  certain  time  in  the  residuary  air.  When  sudden 
compressed,  it  has  been  seen  to  emit  light  and  heat,  but  this  is  said  to  arise  fino 
the  combustion  of  the  oil  with  which  the  tube  is  lubricated.  It  has  a  Te 
powerful  attraction  for  most  simple  substances,  and  there  is  not  one  of  tha 
with  which  it  may  not  be  made  to  combine.  Any  inflammable  substance  p- 
viously  kindled  and  introduced  into  it,  bums  rapidly  and  vividly.  If  an  n 
or  copper  wire  be  introduced  into  a  bottle  of  oxygen  gas,  with  a  bit  of  ligl^ 
touchwood  or  charcoal  at  the  end,  it  will  bum  with  a  bright  light,  and  tOK 
out  a  number  of  sparks.  The  bottom  of  the  bottle  should  be  covered  v« 
sand,  that  the  sparks  may  not  crack  it.  If  the  wire,  coiled  up  in  a  spiral,  lilc 
corkscrew,  as  it  usually  is  in  this  experiment,  be  moved  with  a  jerk  at 
instant  a  melted  globule  is  about  to  fall,  so  as  to  throw  it  against  the  side  of*  i 

{^lass,  it  will  melt  its  way  through  in  an  instant,  or  if  the  jerk  be  less  ri<^e 
edge  itself  in  the  substance  of  the  glass.  If  it  be  performed  in  a  bell  glai 
set  in  a  plate  filled  with  water,  the  globules  will  frequently  fuse  the  yitreoi 
glazing  of  the  plate,  and  unite  with  it  so  as  not  to  be  separable  without  deCad 
ing  the  glaze,  though  it  may  have  passed  through,  perhaps,  two  inches  o 
water. 

All  substances  that  are  capable  of  burning  in  the  open  air  bum  with  At 
rreater  brilliancy  in  oxygen  gas.  A  piece  of  wood,  on  which  the  least  sptik  of 
Tight  is  visible,  bursts  into  flame  the  moment  it  is  put  into  a  jar  of  oTnta; 
lighted  charcoal  emits  beautiful  scintillations ;   and  phosphorus  bums  with  lo 

Eowerful  a  light,  that  the  eye  cannot  bear  its  impression.  The  act  of  oooh 
ining  with  oxyeen  is  called  oxidation,  and  bodies  which  have  united  with  it 
are  said  to  be  oxidized.  The  compounds  so  formed,  are  divided  into  acidf  liA 
oxides.  The  former  includes  those  compounds  which  possess  the  general  ff** 
perties  of  acids,  and  the  latter  comprehend  those  which  not  only  want  Ml 
character,  but  of  which  many  are  highly,  alkaline,  and  yield  salts  by  vatifkf 
with  acids.  Oxidation  is  sometimes  prouuced  with  great  rapidity,  and  fm 
evolution  of  heat  and  light  Ordinary  combustion  is  nothing  more  tbtt  I 
rapid  oxidation,  and  all  inflammable  or  combustible  substances  derive  tM 
power  of  burning  in  the  open  air  from  their  affinity  for  oxygen.  On  olhi 
occasions  it  takes  place  slowly,  and  without  any  appearance  of  heat  and  B^ 
as  is  exemplified  by  the  msting  of  iron  when  exposed  to  a  moist  atmospksa 
OXYGENATION.  Similar  in  meaning  to  oxidation,  but  of  more  gum 
application.  It  signifies  the  uniting  of  oxygen  to  various  substances,  wMb 
the  result  be  an  oxide  acid,  or  alkali. 

OXYMEL.     A  compound  of  honey  and  vinegar. 
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PAINTING,  HooBE.  The  art  of  covering  with  various  luitahle  pigments 
tbe  wood-worky  plaster  walls  and  ceilines,  iron  work,  ftc,  of  the  interior  and 
•xterior  of  bouses.  It  may  be  divided  into  three  separate  branches,  viz. — 
plain  painting,  graining,  and  ornamental  painting. 

Tbe  material  chiefly  employed  in  plain  paintmg  is  white  lead.     It  is  a  car- 
bonate of  lead  produced  by  the  action  of  the  vapour  of  vinegar  on  sheet  lead ; 
ttid,  when  ground  up  with  linseed  oil,  forms  the  common  white  lead  paint  of 
commerce.     See  Ceruse.     It  is  improved  by  being  kept  for  several  years.     To 
produce  the  different  tints,  various  colours  are  added  to  the  white  lead  base,  in 
quantity  according  to  the  intensity  of  the  tint  desired,  amounting,  sometimes, 
to  £n  exclusion  of  tbe  white  lead  in  the  upper  or  finishing  coats.     The  follow- 
are  Uie  colours  generally  used  by  the  house  painter : — 


White. 

White  lead. 
Nottingham  white. 
Flake  white. 

Black, 

Ivory  black. 
Lamp  black. 
Blue  black. 
Patent  bUck. 

Yellowt. 

Chrome  yellow. 
King's  yellow. 
Names  yellow. 
TeUow  ochre. 
Raw  sienna. 
Yellow  lake. 

Browiu, 

Burnt  umber. 
Raw  umber. 
Vandyke  brown. 
Purple  brown. 


Spanish  brown. 
York  brown. 

Redi. 

Vermilion. 
Scarlet  lake. 
Crimson  lake. 
Indian  red. 
Venetian  red. 
Red  lead. 
Orange  lead. 
Burnt  ochre. 
Burnt  sienna. . 

Oreent. 

Brunswick  green. 
Emerald  green. 
Verdigris. 

Blues, 

Prussian  blue. 
Indigo. 
Cobfdt. 
Ultramarine. 


To  bring  these  dolours  to  a  state  fit  for  use,  they  are  ground  up  with  a  small 
^Uty  of  oil ;  but  for  painting  in  distemper,  the  colours  must  be  ground  up  in 
^iter.  LiiMeed  oil  is  that  which  is  in  general  use,  and  is  qiute  sufficient  for 
^  purpose  of  the  plain  painter,  especiafiy  when  improved  by  being  kept  for 
"(Tttsl  years,  as  it  then  loses  a  great  part  of  its  colour.  It  is  obtained  by 
^nanre  from  tbe  seed  of  flax.  In  very  rare  instances,  where  the  least  yellow- 
^  ■!  the  oil  would  be  injurious,  nut  or  poppy  oil  may  be  used  with 
•ifintsgt.     , 

^irits  of  tuipentine  is  largelv  employed  in  painting ;  it  is  obtained  by  distil- 
litMi  firom  erude  turpentine,  wnich  is  procured  from  the  larch  and  fir-trees : 
Wbg  of  a  volatile  nature,  it  is  used  by  the  painter  to  produce  what  is  called  a 

iH;  It  evaporates,  and  leaves  the  paint  without  the  least  shine.     It  is  also 

tKKfkytd  in  those  situations  where  oil  would  not  dry,  as  in  the  first  coat  on  old 

*Bii,  which  is  likely  to  be  a  little  greasy  from  smoke,  &c. 
To  hasten  the  drying  of  paints,  dryen  are  generally  used.  Those  most  in  use 

lis  sugar  of  lead,  litharge,  and  white  copperas.   These,  when  well  ground,  ani 
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mixed  in  small  portions  with  paint,  very  much  assist  them  in  dr3ring ;  indec 
some  colours  will  not  dry  without  them.  Red  lead  is  also  an  excellent  drye 
and  in  cases  where  its  colour  is  not  objectionable,  is  much  used.  Sugar  of  le 
is,  however,  the  best  dryer,  though  somewhat  more  expensive  than  uie  oUie 
It  should  be  observed,  that,  in  the  finishing  coats  of  delicate  colours,  dryen  i 
generally  avoided,  as  they  have  a  slight  tendency  to  injure  the  colour.  Linae 
oil  has  sometimes  a  drying  quality  given  to  it  by  boiling  with  drying  substane 
which  renders  it  extremely  useful  on  some  occasions.  A  very  good  dryinff 
is  made  by  boiling  one  gallon  of  linseed  oil  with  a  quarter  of  a  pouiMl 
litharge,  or  red  lead,  reduced  to  a  fine  powder.  It  must  be  kept  slightly  boOi 
for  about  two  hours,  or  until  it  ceases  to  throw  up  any  scum ;  when  cold,  t 
clear  oil  must  be  poured  of^  and  kept  for  use. 

The  tools  and  apparatus  employed  by  the  plain  painter  are  not  ti 
numerous ;  we  shall  mention  the  principal  of  them.  The  first  in  order  is  i 
grindstone  and  muller.  This  is  an  apparatus  necessary  to  every  painter,  ■•  t 
purity  of  the  colours  sold  ready  ground  at  the  shops  is  not  to  be  depend 
upon ;  and  some  colours,  as  lakes  and  Prussian  blue,  will  not  keep  long  af 
grinding.  The  grindstone  is  a  slab  of  porphyry  marble  or  granite,  about  two  £ 
square  ;  the  chief  requisite  is,  that  it  be  hard,  and  close-grained. 

The  muller  is  a  hard  and  conical-formed  stone,  the  diameter  of  the  base 
rubbing  surface  of  which  should  be  about  one- sixth  of  that  of  the  grindatoi 
and  the  cone  high  enough  to  get  a  sufficient  hold  of  it  with  the  hands,     f 
face  of  both  grindstones  and  muller  should  be  perfectly  flat  and  smooth, 
large  palette  knife  is  used  to  gather  the  colour  from  the  stone  as  soon  aa  it 
sufficiently  ground. 

The  palette  is  a  small  thin  board,  of  an  oval  shape,  having  a  hole  in  it  lor  t 
thumb  to  pass  through ;  it  is  used  chiefly  in  ornament^  painting,  and  1 
mixing  up  small  portions  of  colour  on.  With  this  is  employed  the  piuette  kni 
for  mixing  up  colours  on  the  palette :  it  has  a  long,  thm,  and  elastic  blai 
rounded  at  the  extremity. 

The  most  important  of  the  painter's  tools  are  the  bfushes :  these  are  of 
sizes,  both  round  and  flat,  and  are  made  chiefly  of  hog's-hair.  The  large  roi. 
brush  called  the  pound  brush,  and  a  smaller  one  called  the  tool,  are  iStm 
mostly  used  in  plain  work.  The  smallest  hogVhair  brushes  are  called  fitd 
and  are  used  for  putting  in  small  work  where  the  tool  would  be  too  large.  1 
pound  brush  is  used  as  a  duster  for  some  time  previous  to  putting  it  into  cqL€ 
whereby  It  is  rendered  much  softer.  The  smallest  brushes  are  the  camel-^ 
pencils,  with  long  or  short  hair,  according  to  the  work  to  be  done.  The  vari 
of  brushes  used  in  graining  will  be  spoken  of  when  we  come  to  that  divincn 
the  subject. 

The  stopping-knife  has  a  shorter  blade  than  the  palette-knife,  and  is  point 
It  is  used  for  making  good  the  holes  and  cracks  with  putty. 

Putty  is  made  of  common  whiting,  pounded  fine,  and  well  kneaded  with  I 
seed  oil,  till  it  becomes  about  the  consistence  of  stiff  dough. 

Grinding  colours, — All  substances  employed  for  painting  in  oil  require  to  i 
ground  up  with  a  small  portion  of  the  oil  previous  to  mixing  them  with  A 
whole  quantity  required  for  use ;  for  this  purpose,  they  must  first  be  pouadM 
and  passed  through  a  tolerably  fine  sieve,  then  mixed  with  a  portion  of  limM 
oil,  just  sufficient  to  saturate  them  ;  a  quantity,  about  the  size  of  a  m*! 
^ggi  is  to  be  taken  on  the  point  of  the  palette-knife,  and  placed  on  the  stoM 
the  muller  is  then  placed  upon  it,  and  moved  round  about,  or  to  and  fit>  in  il 
directions,  bearing  a  little  weight  on  it  at  the  same  time.  This  should  be  eoa 
tinned  until  it  is  ground  perfectly  fine,  having  the  consistence  and  smootliM* 
of  butter.  The  colour  must  be  occasionally  trimmed  from  the  edses  oC  ib 
stone  and  muller  with  the  palette-knife,  and  put  under  the  muller  in  tbi 
middle  of  the  stone.  When  sufficiently  ground,  it  is  removed  from  the  stoa 
with  the  palette-knife,  and  a  fresh  quantity  taken.  It  is  not  well  to  have  mne 
colour  on  the  stone  at  one  time ;  it  makes  it  more  laborious,  and  will  tike 
longer  time  to  grind  the  same  quantity  equally  well. 

M'uing  colour*  for  painting, — -Before  the  colours  which  have  been  ground  ci 
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be  applied  to  the  work,  they  must  be  rendered  fluid  by  the  addition  of  linseed 

oil,  or  spirits  of  turpentine,  or  certain  proportions  of  both.    Wben  a  tinted 

colour  is  required  to  be  mixed  up,  a  small  quantity  of  the  proper  tint  should  be 

first  prepued  on  the  palette,  which  will  serve  as  a  guide  to  mix  the  whole 

quantity  by.     With  the  eround  white  lead  there  should  first  be  well  mixed  a 

portion  of  oil,  and  then  the  tinting  colour  should  be  added,  as  ascertained  by  the 

pattern  on  the  palette.    When  these  are  thoroughly  mixed  and  matched  to  the 

proper  tint,  the  remaining  portion  of  the  oil  or  turpentine  is  to  be  added ;  this 

ja  better  than  patting  in  Si  the  oil  at  once :  it  should  then  be  strained  through  a 

piece  of  fine  canyass^  or  a  fine  sieve,  and  should  be  about  the  consistence  of  cream, 

or  just  8o  as  to  work  easily.     If  it  is  too  thick,  the  work  will  have  an  uneven, 

doudy  appearance,  and  it  will  be  hard  to  spread ;  while,  if  it  be  too  thin,  it 

'will  be  likely  to  run,  or  wiU  require  a  greater  number  of  coats  to  cover  the 

gground,  and  render  the  work  solid.    The  straining  ought  not  to  be  neglected 

-^bere  the  appearance  of  the  work  is  studied. 

Preparing  work  for,  and  manner  of  proceeding  wtth,  the  painUng.  New  work, — 

u  the  work,  carefiiUy  removing  all  projections,  such  as  glue,  or  whiting  spots; 

iM  easily  done  with  the  stopping  knife  and  duster ;  then  cover  over  the  knots 

L  a  composition  of  red  lead,  called  knotting.    The  red  lead  has  ^e  property 

drying  very  hard ;  and  if  it  was  not  used,  the  paint  would  not  dry  on  the 

YtSy  and  they  would  show  through  every  coat  If  the  knots  are  very  bad,  they 

iust  be  cut  out     After  knotting  comes  the  priming,  or  first  coat  of  paint 

~ben  the  priming  is  quite  dry,  all  nail-holes,  cracks,  and  defects,  are  to  be 

sde  good  with  putty ;  then  proceed  to  the  next  coat,  called  the  second  colour ; 

ben  this  is  dry,  those  places  are  to  be  stopped  which  were  omitted  in  the  last 

at ;  and  proceed  according  to  the  number  of  coats  intended  to  be  given.     It 

ould  be  observed  that  second  colour  for  new  work  is  made  up  chiefly  with  oil, 

it  best  stops  the  suction  of  the  wood ;  but  second  colour  for  old  work  is 

ade  up  chiefly  with  turpentine,  because  oil  colour  would  not  dry  or  adhere  to 

so  welL    The  colour  should  be  spread  on  as  evenly  as  possible ;  and  to  eflect 

I,  as  soon  as  the  whole,  or  a  convenient  quantity,  is  covered,  the  brush  should 

passed  over  it  in  a  direction  contrary  to  that  in  which  it  is  finally  to  be  laid 

;  this  is  called  crossing :  after  crossing,  it  should  be  laid  ofi"  softly  and  care- 

foBv,  in  a  direction  contrary  to  the  crossing,  but  with  the  grain  of  the  wood, 

takmg  care  that  none  of  the  crossed  brush  marks  be  left  visible.    The  criterion 

QC  good  workmanship  is,  that  the  paint  be  laid  evenly,  and  the  brush  marks  be 

>iot  observed.     In  laying  ofi*,  the  brush  should  be  laid  into  that  portion  of  the 

Work  already  done,  that  the  joining  may  not  be  perceived.     Every  coat  should 

^  perfectly  dry,  and  all  dust  carefully  removec^  before  the  succeeding  one  is 

^«id  over  it 

Old  work. — Carefully  remove  all  dirt  and  extraneous  matter  with  the  stopping 

knife  and  duster ;  those  places  near  the  eye  should  be  rubbed  with  pumice- 

*U)ne,  and  greasy  places  should  be  well  rubbed  with  turpentine.   Bring  forward 

1^  patches  and  decayed  parts  with  a  coat  of  priming ;  stop  and  make  good 

^th  putty,  then  proceed  with  the  first  coat,  or  second  colour,  in  turpentine. 

The  quality  of  the  next  coat  wiU  depend  upon  the  manner  in  which  it  is  to  be 

^bished.     If  it  is  to  be  painted  twice  in  oil,  and  flatted,  the  next  coat,  or  third 

cobor,  should  be  mixed  up  chiefly  in  oil,  and  tinted  like  the  finishing  colour, 

to  form  a  ground  for  the  flatting.    The  greater  the  shine  of  the  ground,  the 

^^on  dead  wiU  the  finishing  coat  or  flatting  be ;  likewise,  the  more  dead  the 

pound,  the  better  will  the  finishing  oil  shine ;  therefore,  it  is  a  general  rule  that 

nt  finishing  in  oil  the  under  coat  should  be  turpentine,  and  mr  finishing  flat, 

^  under  coat,  or  ground  colour,  should  be  oil ;  but  observe,  that  all  turpentine 

iioder  coats  have  a  littje  oil  with  them,  and  all  oil  under  coats,  except  the 

pnming  or  first  coat  on  new  work,  have  a  little  turpentine  with  them. 

Knotting  is  made  with  red  lead,  carefully  ground,  and  thinned  with  boiled 

oil  and  a  httle  turpentine.  For  inside  work,  red  lead,  carefully  ground  in  water, 

wd  mixed  up  witn  double  size,  is  a  good  substitute,  and  is  generally  used :  it 

mwt  be  used  hot 

^rmng  for  new  work, — This  is  made  of  white  lead  with  dryers,  and  a  little 
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led  lead  to  harden  it,  and  further  to  assist  its  drying;  it  is  thinned  entirely  with 
oil,  and  should  be  made  very  thin,  as  the  new  wooc^  or  plaster,  tacks  it  in  very 
fast.  It  is  a  frequent  practice  with  painters  to  save  the  oil  coats  by  f[lvu>ff  the 
new  work  a  coat  of  size,  or  size  and  water,  with  a  little  whiting,  called  aear- 
cole ;  but  where  durability  is  consulted,  this  should  not  be  done.  The  size  stops 
the  suction  of  the  wood  or  plaster,  but,  at  the  same  time,  it  prevents  the  oil 
paint  from  adhering  to  the  work ;  the  consequence  is,  that  it  is  apt  to  peel  or 
chip  off,  especially  m  damp  places.  Clearcole  is  sometimes  advantageously  used 
on  old  greasy  work,  on  which  oil  paint  would  not  dry. 

Second  colour  for  new  work^  or  oil  second  colour. — ^This  is  white  lead  thinned 
with  oil  and  a  little  turpentine,  with  suitable  dryers.  The  proportion  of  dryers 
for  ordinary  cases  is  about  one  ounce  and  a  hiuf  to  ten  pounos  of  white  lead ; 
but  in  winter,  or  under  other  unfavourable  circumstances,  the  quantity  of  dryers 
must  be  increased. 

Second  colour  for  old  worky  or  turpentine  second  colour. — This  is  white  lead 
thinned  with  about  three  parts  of  turpentine,  and  one  of  oil,  also  a  little 
dryers.     Where  much  tuipentine  is  used,  less  dryers  is  required. 

Turpentine  colour. — ^This  is  only  used  when  the  work  is  to  be  finished  in  oil ; 
that  is,  left  shinine.  It  is  thinned  almost  entirely  with  turpentine,  that  the 
finishine  coat  may  nave  a  better  gloss. 

Thirdf  or  ground  colour^  is  thinned  with  two-thirds  oil  and  one-third  turpen- 
tine, and  tinted  a  shade  darker  than  the  finishing  colour. 

Finiihina  oil  colour  is  thinned  with  a  little  more  oil  than  turpentine,  and 
tinted  to  the  desired  colour. 

Flatting^  or  finishing  turpentine  colour,  is  thinned  entirely  with  turpentine, 
and  has  no  shine. 

A  bastard  flat  is  thinned  with  turpentine  and  a  little  oil,  which  renders  it 
more  durable  than  the  perfect  flatting.  To  procure  a  good  flat,  it  is  necessary  to 
have  a  perfectly  even  glossy  ground,  and  it  should  be  of  the  same  tint,  but  • 
iittle  darker  than  the  finishmg  flat. 

For  clearcole  and  finith. — Stop  defects  with  putty,  clearcole,  and  finish  with 
oil-finishing  colour,  as  directed. 

For  two  coats  in  oil, — Turpentine  second  colour,  and  finishing  oil  colour. 

For  two  coats  ifi  oil  and  flat.  —  Turpentine  second  colour;  third  colour, 
and  flat. 

For  three  coals  in  oil. — Turpentine  second  colour;  turpentine  colour;  and 
finishing  oil  colour. 

For  three  coats  in  oil  and  fat  (old  work). — Turpentine  second  colour ;  turpen 
tine  colour;  third,  or  ground  colour;  and  flatting. 

For  four  coats  in  oil  (new  work). — Oil  priming  ;  oil  second  colour ;  tiirpei 
tine  colour ;  and  oil  finishing  colour. 

For  four  coats  m  oil  and  flat  (new  work). — Oil  priming ;  oil  second  coloo 
turpentine  colour ;  third  or  ground  colour ;  and  flatting. 

Tinted  Colours. — Stone  colour. — Wliite   lead,   with  a  little  burnt  or  i 
umber,  and  yellow  ochre. 

Gray  stone  colour. — White  lead,  and  a  little  black. 

Drab. — White  lead,  with  burnt  umber  and  a  little  yellow  ochre  for  a  w 
tint,  and  with  raw  umber  and  a  little  black  for  a  green  tint 

Pearl  colour,  or  pearl  grey. — White  lead  wiui  black,  and  a  little  Prv 
blue. 

Skg  blue. — White  lead,  with  Prussian  blue. 

French  grey. — White  lead,  with  Prtissian  blue,  and  a  little  lake.     Hiet 
used  in  various  proportions,  will  make  purples  and  lilacs  of  all  shadet. 

Fawn  colour, — White  lead,  with  stone  ochre,  and  a  little  vermilion  a 
stone  ochre. 

Buff. — White  lead  and  yellow  ochre. 

Cream  coUmr, — Same  as  the  last,  with  more  white. 
Lemon  colour. — ^White  lead,  with  chrome  yellow.    \ 

^-"^ne  colour. — Orange  lead,  or  chrome  yellow  and  vermilion. 
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Peach  eoiour. — White  lead,  with  either  vermilioni  Indian  red,  purple  brown, 
or  bomt  stone  ochre. 
GtJd  coUmr. — Chrome  yellow,  with  a  little  vermilion  and  white. 
Fiolei  aUow. — ^White  lead,  with  vermilion,  blue  and  black. 
Saife  green. — Pkuuian  blue,  raw  umber,  and  yellow  stone  ochre,  with  a  little 
white,  and  thinned  with  boiled  oil  and  a  little  turpentine. 

Olive  green. — Raw  umber,  with  Prussian  blue,  thinned  as  before. 
Pea  green. — White  lead,  with  Brunswick  green,  or  with  Prussian  blue  and 
chrome  yellow. 

Ckoe^ate  cohwr. — Spanish  brown,  or  Venetian  red  and  black,  thinned  with 
boiled  oil  and  a  little  terpentine. 

Lead  oofovr.— -White  lead  and  black. 

Pkdn  opaque  oak  eoiour. — White  lead,  with  yellow  ochre  and  burnt  umber. 
PUun  opaque  mahogany  eoiour. — Purple  brown,  or  Venetian  red,  with  a  little 
black. 

Black  should  be  ground  in  boiled  oil,  and  thinned  with  boiled  oil  and  a  little 
rpentine. 

it  will  be  obvious  that  the  proportions  of  the  colours  above  mentioned  mutt 

determined  by  the  particular  tone  of  colour  required. 

Distempering. — The  principal  difference  between  oil  and  distemper  painting 

,  that  in  the  latter  the  colours  are  ground  in  water,  and  diluted  with  size.     It 

much  less  durable  than  oil  painting,  but  is  cheaper,  and  is  not  attended  with 

tich  smell :  it  will  not  bear  washing.    Ceilings  are  generally  distempered,  and 

alls  very  fiequently.   There  are  several  colours  used  for  distempering  that  will 

^^t  do  for  oil,  as  it  would  change  them.     The  principal  are, — common  spruce 

~"1ire,  common  indigo,  rose  pmk,  brown  pink,  blue  verditer,  green  verditer, 

iaeral  green,  and  Saxon  green.     Whiting  is  the  substance  mostly  used  in  dis- 

mpering.     It  should  be  broken  and  thrown  into  a  vessel  of  clean  water,  and 

*^C^  to  9oSk  for  a  short  time  without  stirring  it — half  an  hour  is  sufficient ;  the 

^^^Airplus  water  is  then  poured  off  from  the  top,  leaving  only  the  softened  whitine, 

'^'liich  should  then  be  stirred,  to  ascertain  that  there  be  no  lumps  in  it.   To  this 

<«    added  hot  durable  size,  in  the  proportion  of  one  pound  of  size  to  three 

¥^oi]nds  of  whiting ;  it  is  then  to  be  well  stirred,  and  left  to  chill  or  congeal  in 

^  cool  place.     In  summer  weather  it  should  stand  over  night,  when,  if  it  is  like 

^    weak  jelly,  it  is  fit  for  use.     If  it  is  to  be  a  tinted  colour,  the  colouring  sub- 

^^l^nce  should  be  added  to  the  whiting  previous  to  the  size  being  mixed  with  it 

'distemper  colours  dry  much  lighter  than  they  appear  when  first  laid  on  ;  con- 

^^uently,  it  is  better,  before  mixing^  the  size  with  them,  to  colour  a  slip  of  paper 

^'id  dry  it,  to  ascertain  if  it  is  of  the  desired  tint     In  distempering  old  walls 

^  ceilings,  it  is  necessary  that  tlie  old  distemper  be  first  washed  off  with  an  old 

*^t\ish  and  plenty  of  water.    The  holes,  cracks,  and  damaged  places,  should  be 

**^%de  good  with  piaster  of  Paris,  or  distemper  putty,  made  of  powdered  whiting 

*^4  douUe  sise.    They  should  then  have  a  coat  of  clearcole  made  by  adding  a 

little  more  size  and  water  to  the  finishing  colour,  and  using  it  warm.  When  this 

^  dry,  the  finishing  colour  may  be  laid  on.    For  new  walk,  it  is  only  necessary 

^  clearcole  and  finish. 

Grtamng. — Graining  comprises  the  imitating  of  woods  and  marbles;   the 

^^tter  k  distingni^ed  by  the  term  marbline :  it  is  strictly  an  imitative  art,  and 

demands  in  its  execution  considerable  judgment  and  good  taste,  united  to  a 

^ose  observation  of  the  peculiar  characters  of  the  different  woods  and  marbles 

^  be  represented.    It  is  usually  done  on  ground  prepared  for  the  purpose,  the 

i  5^o«  of  which  is  varied  according  to  tlie  kind  of  wood  or  marble  to  bo 

jL        ^itated;  but  aa  the  manner  of  proceeding  in  imitating  woods  differs  from  that 

\        in  the  case  of  marbles,  they  will  be  noticed  separately,  oeinning  with — 

\  (hcaaing  m  tmHaiion  of  ufoodt. — ^The  first  thin^  to  be  attended  to  is  the 

Y       qrmmd;  and,  although  generally  laid  on  by  the  plain  painter,  it  should  receive 

\        Im  particular  attention  of  the  grainer,  for  on  the  colour  of  the  ground  greatly 

1       iepends  the  excellence  of  the  imitation.    The  ground  should  be  chosen  of  the 

I       ^  colour,  but  a  little  lighter,  than  the  lightest  parts  of  the  wood  to  be 

I       i^itattd,  snflfiejent  idlowance  being  made  for  the  varnish  afterwards  to  come 
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upon  it.  Repeated  trials  on  small  patterns  is,  however,  the  best,  and,  indeed, 
the  only  safe  way  of  arriving  at  the  tint  proper  for  the  ground.  The  ground 
may  either  be  mixed  up,  just  as  in  finishing-oil  colour,  or  it  may  be  a  bastard 
flat ;  and  it  should  be  very  carefully  prepared,  as  the  shine  of  the  varnish  will 
cause  the  rough  or  uneven  places  to  be  aetected.  The  pigments  employed  for 
graining  are  distinguished  by  the  painter  as  transparent  colours ;  those  mostly 
used  are  raw  umber,  burnt  umber,  raw  sienna,  burnt  sienna,  Vandyke  brown, 
burnt  ochre,  and  lake ;  these,  with  the  occasional  assistance  of  small  portions 
of  the  opaque,  or  imperfectly  transparent  colours, — ^ivory  black,  Prussian  blue, 
or  indigo,  and  purple  brown,  or  Indian  red,  will  be  sufiicient  to  match  the 
colour  of  any  of  the  woods  usually  imitated.  These  pigments  were,  until  within 
these  last  few  years,  worked  in  oil  and  spirits  of  turpentine;  but,  in  consequence 
of  the  much  greater  facility  found  to  be  afforded  by  the  use  of  water  or  distemper 
colours,  oil  is  now  seldom  or  never  used,  except  for  wainscot  or  oak  graining, 
which  is  frequently  done  in  oil.  The  tools  employed  in  graining  are  round  and 
flattened  hog-hair  brushes,  of  various  sizes ;  the  round  ones  are  used  chiefly 
for  laying  on  the  colour.  Occasionally,  as  in  ver}'  large  pieces  of  work,  large 
brushes  of  any  convenient  form  are  employed  for  that  purpose.  Of  the  &t 
brushes,  there  are  cutters  of  various  sizes,  from  two  and  a  naif  inches  to  half  an 
inch  wide ;  these  are  made  of  camel's  hair,  having  the  ends  or  points  of  the 
hairs  cut  off  square,  to  within  about  three-eighths  of  an  inch  from  the  ferrule; 
the  ed^es  should  be  very  shaip  and  straight :  they  are  used  for  producing  the 
mottled  appearance,  as  in  mahogany  and  satin-wood.  Flat  hog-htur  bnuhes,  of 
various  sizes,  from  six,  or  even  twelve  inches,  to  one  and  a  half  inches  wide ; 
these  are  used  chiefly  for  graining  wainscot  in  distemper.  Flat  hog-hair 
brushes,  but  of  a  mucn  thinner  description  than  the  last-mentioned,  are  used 
for  putting  on  the  second  grain,  and  for  other  purposes.  Badger-hcur  tooltf  or 
softeners^  of  several  sizes ;  this  tool  is  one  of  the  most  necessary  kind,  and  it  ia 
employed  to  soften  the  work  put  in  with  the  other  tools.  Vross-banden^  of 
several  sizes,  from  one  and  a  half  inch  wide  and  upwards ;  they  are  flat  hc^- 
hair  brushes,  having  their  ends  cut  off  to  within  about  an  inch  of  the  ferrule ; 
they  should  be  very  carefully  made,  and  of  the  best  hair ;  every  bristle  should 
lay  straight  and  even,  and,  when  cut,  should  have  a  straight,  unbroken  edge, 
similar  to  the  cutter.  We  shall  describe  the  use  of  this  tool  when  speaking  of 
the  particular  woods  in  which  it  is  employed.  These,  with  camel  and  hog^hair 
pencils,  sponges,  and  pieces  of  wash-leather,  are  sufiicient  to  imitate  any  of  the 
woods  except  wainscot  in  oil,  which  reauires  a  particular  tool,  which  will  be 
noticed  presently.  The  woods  generally  imitated  are  the  following: — oak, 
(dark  oak,)  wainscot,  or  light  oak,  pollard  oak,  mahogany,  rose-wood,  maple- 
wood,  satin-wood,  amboyna,  zebra-wood,  and  vew.  The  general  instractions 
siven  for  imitatine^  these  will  suffice  for  any  other  fancy  woods.  Wainscot,  or 
light  oak,  although  the  most  common,  is  perhaps  the  most  difiicult  to  produce 
a  good  imitation  of :  it  is  done  either  in  oil  or  distemper.  The  manner  of  pro- 
ceeding in  oil  will  be  first  described. 

Wainscot  in  oiL — ^The  effect  of  the  grain  in  this  wood  is  produced  by  the  horn 
graining-tool,  which  very  much  resembles  a  comb,  but  the  teeth  are  not  pointed. 
The  teeth  of  the  graining-tool  are  of  equal  dimensions  from  the  root  to  the 
extremity,  which  is  square,  and  the  interstices  between  them  are  as  small  at 
they  can  be  cut  The  principal  colour  used  is  burnt  umber ;  this,  with  •  little 
touch  of  black  and  purple  brown,  makes  an  excellent  wainscot  colour,— or  a 
little  raw  sienna  may  be  used  with  it  This  colour  must  be  tempered  with  a 
peculiar  vehicle  called  graining  oil,  which  is  made  by  dissolving  two  oimcea  of 
oees'-wax  in  as  much  turpentine  as  will  just  cover  it,  and  make  it  easy  to  di»- 
solve,  and  by  adding  one  pint  of  boiled  oil,  stirring  it  well  while  mixing.  When 
it  is  cold  it  will  be  of  the  consistence  of  soft  honey,  and  will,  when  to  be  U8«], 
require  the  addition  of  a  little  boiled  oil  and  turpentine :  a  snudl  quantity  of 
colour  is  sufficient  to  stain  a  large  quantity  of  oil.  The  graining  colour  is  to  be 
/aid  on  very  evenly  and  very  bare.  The  brush  marks,  u  not  pounced  out  with 
the  end  of  the  brush  or  duster,  must  lie  in  the  direction  of  the  grain  of  the  wood. 
The  horn  graining-tool  is  then  to  be  passed  over  it,  to  imitate  the  grain ;  it 
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old  be  held  in  a  slightly  indined  position,  and  drawn  along  with  a  small 
ring  motion,  with  a  little  pressure,  passing  twice  over  every  part  of  the  work. 
I  Teint  are  then  to  be  put  in,  or  rather  wiped  off,  which  is  best  done  with  a 
M  of  cotton  stocking,  or  wash  leather,  wrapped  over  the  thumb  nail.  The 
line  is  the  most  difficult  part  of  it ;  and  any  directions  that  might  be  given, 
pr  Uian  to  observe  nature  closely,  would  be  quite  unavailing ;  nothing  but  a 
e  observation  of  the  peculiar  character  of  the  veins  displayed  in  nature, 
1  considerable  practice,  will  enable  any  person  to  do  it,  even  tolerably.  As 
&  AS  it  is  dry,  tne  dark  shades  observed  in  the  wood  are  to  be  put  m :  for 
purpose  a  little  turpentine,  stained  with  burnt  umber,  eround  in  oil,  is  suf- 
nt ;  also  the  dark  veins  are  sometimes  put  in  with  a  hair  pencil,  and  a  little 
Dt  umber  and  burnt  ochre,  diluted  with  turpentine.  When  quite  dry,  it  may 
famished,  and  is  then  finished. 

Wamucoi  m  ditUmper, — Raw  umber  alone  is  a  very  good  colour  for  this,  or  a 
e  burnt  umber  inay  be  added  to  it,  to  make  a  warmer  tint  The  fluid  used 
dus  and  all  other  distemper  graining  must  be  such  as  will  so  bind  on  the 
mr,  diat  the  varnishing  may  not  bring  it  off;  small  beer  is  the  best,  or,  if 
•nnot  be  conveniently  procured,  stronger  beer  diluted  with  water  may  do, 
;  there  is  nothing  so  good  as  stale,  common  table-beer.  It  is  only  necessary 
mix  the  beer  with  the  colour  after  it  has  been  carefull}'  ground  in  water,  and 
8  then  fit  for  use.  Sometimes  the  colour  wiU  not  lay  on  the  ground ;  it  is 
n  said  to  ciss  :  this  may  be  remedied  by  wetting  the  work  all  over  with  a 
mge  and  water,  and  dr3nng  it  with  a  wash-leather.  Only  so  much  should 
begun  at  one  time  as  can  be  finished  before  it  gets  dry,  which  it  will  do  in 
few  minutes,  according  to  the  weather.  The  colour  should  be  laid  on  as 
•nlj  and  as  quickly  as  possible,  with  a  suitable  brush,  and  then  the  flat  hog's- 
tr  brush  must  be  drawn  over  it,  in  a  straight  line,  and  in  the  direction  of  the 
ended  grain ;  this  will  leave  it  streaky :  it  is  then  to  be  carefully  pounced  or 
tted  with  the  flat  side  of  the  same  brush,  making  the  head  of^the  brush 
rasce  before  the  hand,  and  in  the  direction  of  the  grain.  This  will  make  a 
y  excellent  imitation  of  the  grain  of  oak,  if  it  be  well  managed.  The  veins 
i  to  be  wiped  out  with  a  piece  of  wet  wash-leather,  wrapped  over  the  thumb 
I.  When  this  is  dry,  tiie  shades  may  be  strengthened  by  passing  very 
btlj  over  it  with  weaker  colour.  Great  care  should  be  taken  that  it  is  quite 
*  before  the  varnish  is  laid  on  :  it  is  not  safe  to  varnish  it  in  damp  weather 
boot  fire  being  near  it ;  but  if  it  will  bear  tlie  finger  passing  over  it,  it  is  dry 
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rdoak, — Either  burnt  umber  or  Vandyke  brown  makes  an  excellent 
lard  oak  colour,  llie  colour,  in  this  case,  unlike  wainscot,  should  be  laid 
noerenly,  or  darker  in  some  places  than  in  others,  after  the  character  of  the 
od ;  a  coarse  sponge,  moistened,  and  assisted  by  the  cutter,  produces  the  efiect 

rwdL  When  the  masses  of  colour  are  properly  disposed  with  the  sponge 
cutter,  It  must  be  softened  off*  with  the  badger-hair  tool,  and  the  knots  put 
with  the  end  of  a  hog-hair  fitch,  by  holding  the  handle  between  the  thumb 
1  Ibte-fineer,  and  twisting  it  round ;  these  knots  may  afterwards  be  assisted 
h  a  camei-hair  pencil.  A  few  small  veins  are  frequently  found  in  pollard 
l;  these  may  be  wiped  off*  in  the  same  manner  as  for  wainscot.     When  this 

S,  the  second  or  upper  grain  may  be  put  on :  this  grain  occurs  in  almost 
I  woods  except  oak  and  rose-wood ;  mdeed,  it  is  the  proper  prain  of  the 
od»  with  the  above  exceptions.  Some  of  the  first  colour  diluted  will  do  for 
B  second  grain.  To  put  on  this  grain,  the  thin,  flat  hog-hair  brush  should  be 
iped  into  the  colour,  and  the  hairs  must  be  combed  out  to  straighten  and 
Mnte  them.  As  soon  as  the  grain  is  put  on,  the  softener  should  be  passed 
|bUy  across  the  grain,  in  one  direction  only ;  this  will  make  one  edge  of  the 
tin  soft  and  the  other  sharp,  as  it  occurs  in  the  wood.  When  the  second 
din  b  dry,  it  may  be  varnished. 

AH  the  other  woods  are  done  in  a  similar  manner.    Tlie  particular  character 

id  eolomr  of  the  shades  and  grain  of  the  wood  must  be  carefully  noticed,  and 

^  tools  which  will  produce  the  effect  most  conveniently  mutt  be  selected : 

^  example,  the  thinnest  flat  hog's-hair  brush  will  best  produce  the  efi*ect  of 

▼oIm  II.  o  a 
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the  g[rain  in  rose-wood ;  the  cutter  will  best  produce  the  effect  of  the  shades  n 
mahogany  and  satin-wood ;  the  sponge  and  cutter  in  pollard  oak.  Flail 
mahogany  may  be  very  well  imitated  by  properly  disposme  the  shades  wit! 
the  common  round  tool,  with  which  the  colour  is  laid  on,  and  then  passing  tli< 
badger-hair  softener  over  it  in  a  direction  across  the  stripes.  When  this  is  diy 
the  second  grain  may  be  put  on,  as  directed  for  pollard  oak.  Burnt  umber  aiM 
burnt  sienna  make  a  good  mahogany  colour. 

MarhUng, — Marbles  are  generally  imitated  with  oil  colours,  and  those  colour 
are  mostly  opaque,  as  for  this  purpose  it  is  not  at  all  necessary  that  they  b 
transparent.  The  manner  of  proceeding  with  the  different  marbles  will  not  b 
detailed,  but  a  few  general  instructions  applicable  to  all  of  them  will  be  given 
The  tools  for  imitating  marble  are  less  varied  than  those  for  imitating  wood,  i 
palette  and  palette  knife,  with  numerous  small  sized  hog-hair  brushes  ant 
camel-hair  pencils,  and  a  duster,  or  worn  badger-hair  softener,  are  all  that  i 
necessary  for  imitating  any  of  the  marbles.  The  ground  is  to  be  chosen  of  tha 
colour  which  is  most  predominant  in  the  marble  to  be  imitated ;  for  example 
in  black  and  sold  marble,  the  ground  is  black  ^  in  veined,  it  is  white ;  in  aienjia 
it  is  cream  c^our ;  and  in  dove  marble,  the  ground  is  of  a  dark  peaii  colom 
In  proceeding  to  the  imitation,  the  necessary  colours  are  to  be  taken  on  th 
palette,  and  mixed  up  to  match  the  tints  in  the  marble  to  lie  imitated.  £ 
mixing,  they  must  be  slightly  tempered  with  oil,  and  further  tempered  with  \xu 
pontine  for  use ;  and  they  should  not  be  laid  on  thicker  than  is  necessary  * 
produce  the  proper  effect.  The  softer  shades  are  first  to  be  put  in,  blending  tC 
different  colours,  as  may  be,  in  the  marble.  As  soon  as  tliev  are  put  in  a  proje 
form,  they  are  to  be  softened  by  brushing  lightly  over  with  a  clean  duster, 
old  badger- hair  softener;  but  in  some  marbles  there  requires  to  be 
softening :  of  course,  when  the  shades  or  veins  are  sharp  and  hard,  they  mw 
not  be  softened.  The  softer  veins  may  be  next  put  in,  while  the  soft  shadesiM 
ground-work  is  yet  wet.  As  soon  as  this  ground-work  is  dry,  the  shades  vrx. 
be  heightened,  and  the  strong  and  sharp  veins  put  in.  In  putting  in  the  ^ 
shades  or  ground-work,  care  must  be  taken  not  to  mix  the  colours  together,  s^ 
to  give  the  work  a  muddy  appearance ;  and  the  colours  should  be  used  as  ^^ 
as  will  make  the  work  sufficiently  solid,  or  it  will  look  uneven  when  vamista 

OmamenUd  Painting. — ^This  chiefly  consists  in  painting  scrolls,  figui 
other  enrichments  on  plain  work,  so  as  to  give  them  the  appearance  of  reli< 

?rojection ;   it  is  most  commonly  done  in  the  comers  and  margins  of 
'he  ornaments  or  enrichments  to  be  painted  are  usually  sketched  on 


and  the  outlines  are  then  pricked  through  with  a  needle  point.    This  pap^n 
to  be  laid  on  the  wall  or  work  on  whicn  the  ornament  is  to  be  painteo,      s 
pounced  over  with  a  charcoal  pounce-bag ;   the  charcoal  dust,  passing  thrcsv^ 
the  small  holes  in  the  paper,  will  leave  a  faint  tracing  of  the  outline  o^  i 
ornament  on  the  work,  and  serves  as  a  guide  to  paint  it  by.    The  brushes  vw 
are  camel  or  sable-hair  pencils,  with  long  hair ;   and  a  rest-stick  is  held  ia  ti 
left  hand,  to  steady  the  right  hand  by ;  also  a  palette,  to  work  the  colour  finon 
the  same  as  is  used  by  artists  generally.     If  the  colour  of  the  ornament  if  ft 
differ  from  that  of  the  ground  on  which  it  is  painted,  the  pounced  outline  sbonU 
first  be  filled  up,  and,  when  that  is  dry,  the  snades  put  in ;   but  when  the  onii- 
ment  is  to  be  of  the  same  colour  as  the  ground,  it  will  only  be  necessaiy  to  Pot 
in  the  shades,  by  the  assistance  of  the  pounced  outline.     As  soon  as  the  im 
shades  are  dry  they  may  be  heightened,  and  a  stronger  relief  given  to  the 
ornament 

PALETTE.  A  small  tablet,  usually  of  ivory  or  wood,  upon  which  paintoi 
lay  small  portions  of  the  several  pigments  or  tints  they  have  occasion  for  in 
their  work.  Instead  of  a  handle,  it  has  a  hole  cut  near  the  side,  for  the  thamb 
of  the  left  hand  to  pass  through  in  holding  it. 

The  term  palette  is  also  given  by  potters  to  the  wooden  instrument  whicb  tky 
use  to  beat  and  shape  out  their  work.  Palette  is  a  term  also  given  to  btdeleiaii 
employed  in  clock  and  watch  work  (see  Horolooy)  ;  it  is  likewise  apolisdts* 
variety  of  contrivances  in  mechanism,  somewhat  resembling  in  their  astioii 
the  little  organ  called  by  that  name  in  the  human  mouth. 
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WIFE.  A  long  kuifa  with  a  very  tbin  waU-tenpand  iteal 
rtirti  for  mizing  coloun,  or  for  rubbing  down  nich  m  havt  been 
id,  un  the  palette.  They  are  mounted  in  wood  or  hroiy  handlet, 
>  ftocy  of  the  uier. 

M.  The  name  given  to  a  metal  discovered  in  1803,  bj  Sir  H. 
1  with  platina,  among  the  grains  of  which  ha  nippoied  th«  on 
aDoT  of  it,  with  inidium  and  oimium,  acareely  ^tingniahabU 
pUtina,  though  it  is  harder  and  hearier.  The  pure  metal  alao 
itnblei  platina,  and  it  takei  m  high  a  palish.  It  ii  ductile,  reir 
when  reduced  into  thin  plates,  flexible,  but  not  verj  elastic.  It 
saner  than  iron  ;  ils  specific  gravity  is  from  10.9  to  U.S. 
bin  leaves  ot  sheels,  fabricated  of  fibrous  materialt,  and  adapted 
r  npoD,  as  well  as  for  numerous  otlier  purposes.     Paper  it  an 

immense  importance  in  the  commercial  world,  and  of  >uch 
ensive  utility,  that  it  will  he  well  to  give,  in  thii  place,  a  brief 
N  Mveral  kinds  manufactured  in  this  country ;  for  this  purpose, 
Ihem  into  three  classes,  vis. : — Writing  Papers,  Printing  Paprn^ 
ir  Packing  Papers,  with  a  short  notice  of  eevenl  miscellaneous 
ded  under  either  of  these  heads. 

r«  are  a  very  numerous  dais,  including  alL  thoM  that  are  used 
rawine  purposH.    Writing  papers  are  called  either  laid  or  wove, 

description  of  mould  upon  which  they  have  been  made.  Laid 
ignished  by  their  retaining  the  aire-tnarki,  in  long  parallel  lines, 
rait  by  other  stronger  line),  as  ihown 
nying  sketch.  Wove  papers,  on  the 
lo  impression  of  the  wires,  the  mould 
Mnufacture  being  made  of  very  line 
Ytn  in  a  manner  similar  to  linen — 
ivation  of  the  term  wovt.  Writing 
!  of  two  different  colours,  blue  ana 
Uow  cast  i*  the  natural  colour  of  the 
1  as  much  as  possible  by  skilful 
e  blue  cast  is  obtained  by  adding 
wder  blue  of  commerce,)  to  the 
Am  vat  Id  all  blue  cast  papers  a 
lercuce  of  colour  exists  between  the 

sheet,  from  the  smalt,  which  i«  a  heavy  material,  falling  to  the 
t  next  to  the  mould :  the  under  side,  therefore,  is  always  the 

paper  ia  finished. 

mostly  of  the  blue  cast ;  wove  papers  an  made  of  both  kindi. 
I,  which  are  included  in  Ihti  class,  are  always  made  of  the 
iroTB  moulds ;  and  writing  papers,  (emphatically  so  called  from 
I  are  always  made  of  the  blue  cast,  on  laid  mouldi.  In  dc- 
be  numerous  varieties  of  post,  copy,  foolscap,  or  pott  papers,  the 
mn,  laid,  t/tUoa-uxyve,  or  blue-wvt,  is  always  necessary  ti 


i^ 


s  from  demy  upwards,  wove  and  drawing,  or  laid  and 
Htymotu  terms,'  nhere  no  distinguishing  term  is  used,  laid  is 
Dd  lo  be  meant     At  the  paper-mill,  all  tinda  of  paper  a 


reels,  called  reams ;  a  ream  of  paper  consists  of  twenty  quires. 


ictive  paper,  one  of  which  is  placed  at  the  top,  the  other  at  the 
lain,  to  preserve  the  perfect  or  inside  paper  from  string-marks, 
!»,  to  which,  hut  for  this  precaution,  it  would  be  liable.  If  the 
es  are  replaced  by  two  perfect  quires,  the  ream  ii  staled  lo  be 
be  original  value  is  increased  five  per  cent,  A  printer'a  ream 
^-one  and  a  half  unbroken  quires,  of  twenty-four  sheets  each, 
afut  ream  ;  the  pet^ieting,  as  it  is  technically  termed,  increMea 
[htb. 

comprehensive  table  gives  the  nomea,  dimeDiioili,  and  wngb^ 

wrrtTtH  papers  in  this  class. 
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Writing  and  Drawing  Paper*. 

NAME.  DIMENSIONS.  WEIGHT. 

Inches.    Inches.  Iha 

Antiquarian       52|  by  30i  236 

Double  elephant 39|  -—  26i  140 

Atlas 33—26  100 

Colombier 34|  —  23  100 

Elephant 28—23  72 

Imperial 29i  —  21|  72 

Super  royal 27i  —  19i  52 

Royal 23i  —  19  44 

Medium 22i— 17J  34 

Demy 191  —  15j  24 

Extra  large  thick  post     .     .     .  22i  —  17|  25 

Ditto  ditto  thin  ditto  .     .     .     .  22i  —  17i  18 

Ditto   ditto  bank  ditto.     .    .     .  22i  —  17i  13 

Large  thick  post 21—16^  22 

Ditto  middle  ditto 21    —  16|  19 

Ditto  thin      ditto 21    —  16J  16 

Ditto  bank     ditto 21—161  11 

Extra  thick    ditto 19   —  15i  25 

Thick  post 19   —  15i  20 

Middle  ditto 19   —  15j  17 

Thin      ditto 19—15^  14 

Bank    ditto 19   —  15J  7 

Copy 20—16  17 

Sheet-and-half  foolscap    .     .     .  25|  —  13|  22 

Sheet-and- third  ditto  .     .     .     .  22   —  13i  20 

Extra  thick  foolscap    .     .     .     .  16|  —  13^  18 

Foolscap 16J  —  13J  15 

Pott 15J  —  12|  10 

Drawing  papers  are  not  made  smaller  than  demy,  and  are  put  up  into  reams 
in  the  flat  state ;  writing  papers,  on  the  contrary,  are  not  made  larger  than 
double  elephant,  very  seldom  larger  than  imperial,  and  are  usually  folded.  The 
laid  papers  are  distinguished  by  certain  peculiar  water  marks ;  thus,  poet  has  a 
bugle-horn;  copy,  a  neui^de-lis ;  foolscap,  a  lion  rampant,  or  Britannia;  and  pott 
paper  has  the  English  arms.  By  a  knowledge  of  these  marks,  the  original  siie 
of  any  paper  can  at  once  be  discovered,  however  much  it  may  have  been  subse- 
quently reduced  in  size.  This  observation  only  applies  to  the  laid  papers,  as  in 
wove  paper  the  watel^mark  never  appears. 

The  post  papers  are  seldom  sold  retail  in  the  folio,  t.  e.  the  original  aise,  as 
quoted  in  the  foregoing  list ;  being  usually  cut  in  half,  folded,  and  ploughed 
round  the  edges,  forming,  in  that  state,  quarto  post,  the  letter-paper  of  tne  tbops. 
This,  cut  and  again  folded,  forms  octavo  post,  or  note-paper ;  anoUier  foldmg 
forms  16mo.  or  smaU  note,  &c.,  and  so  on  to  any  required  extent, — for  this 
repeated  folding  is  frequently  carried  so  far  as  the  production  of  ^mo.  poe^ 
or  lilliputian  note  paper.  After  the  paper  has  been  ploughed,  the  edges  are 
left  plain,  or  they  may  be  gilt  or  blacked,  according  to  fancy.  When  papers 
are  folded  the  broadest  way,  they  are  described  as  broad  folio ;  but  if  foldedTtbe 
narrow  way,  they  are  termed  long  folio.  The  other  foldings  are  distinguished 
in  like  manner,  as  long  or  broad  quarto,  or  octavo.  These  terms  are  mostly 
used  in  describing  account-books. 

Writing  paper  is  made  in  all  parts  of  England ;  but  Maidstone,  in  Kent,  is 
noted  for  producing  the  finest  qualities ;  here  all  the  best  drawing  papers  are 
made,  the  celebrated  manufactures  of  "  J.  Whatman,"  and  the  '*  Turkey 
Mill,"  being  most  in  repute. 

Pr'mting  Paper, — At  the  head  of  this  extensive  and  highly  useful  class  must 
be  placed  the  plate  papers.  They  are  of  the  same  size,  weight,  and  quality  as 
the  drawing-papers,  described  in  the  foregoing  list,  difiering  from  them^  how- 
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D  being  of  a  particularly  soft  and  absorbent  nature;  tbe  process  of  sizing, 
gives  the  firmness  so  necessary  in  papers  intended  to  be  written  on,  being 
omitted  in  manufacturing  plate-paper.  Plate-paper  is  not  made  smaller 
ledium,  which  is  the  size  necessary  for  the  plates  of  a  demy  book.  These 
f  as  their  name  implies,  are  used  for  copper-plate  printing.  When  the 
are  to  be  coloured,  drawing-paper  is  usually  employed,  then  technically 
L  kard-platef  in  contra-distinction  to  the  former,  or  ioft-vlate.  When 
that  have  been  printed  on  ioft  paper  require  to  be  coloured,  it  is  necet- 
rit  to  size  the  paper,  which  may  very  readily  be  done  with  a  clear  solu- 
'  isinglass. 

taking  proofs  from  engravings,  a  paper  of  Chinese  manufacture  is  em- 
,  well  known  in  the  trade  under  tlie  name  of  India-paper.  In  conse- 
»  of  its  peculiarity  of  fibre,  this  paper  possesses  a  singular  degree  of 
ty,  which  enables  it  to  enter  the  finest  lines  of  an  engravmg ;  in  addition 
peculiar  softness  and  flexibility  of  texture,  it  also  appears  to  have  an 
eni  and  congenial  quality  for  fixing  the  ink,  which  causes  it  to  take  every 
ad  shade  with  mucri  less  colour  and  pressure,  and,  what  is  of  the  utmost 
iance  to  printers,  allows  the  ink  to  set  and  dry  in  considerably  less  time 
her  paper.     India-paper  is  imported  in  sheets,  fifty-one  or  fifty-two 

H,  by  twenhr-six  inches  wide ;  the  weight  varies ;  but  one  hundred 
ly  weigh  about  from  ten  to  eleven  pounds. 
I  following  is  a  list  of  the  other  papers  in  this  class,  the  weights  and  sizes 
eh  vary  greatly,  according  to  the  choice  of  the  manufacturer. 

NAME.  DIMENSIONS.  WEIGHT. 

Inches.    Inches.  lbs.       lbs. 

Large  news 32   by  22  32  to  37 

Smidlnews 28—21  23  —  25 

Royal 25—20  26  —  28 

Medium 23|  —  18|  24  —  26 

Demy 22|  —  18  15  —  21 

Short  demy,  for  music  .     .     .     20|  —  14  25  —  28 

Copy 20i  — 16i  13  —  16 

Crown 20—15  7—12 

Foolscap 16^  —  13^  9  —  14 

Pott 15i  —  12i  9  —  lOJ 

Uiree  last  of  these  are  always  made  in  the  double  size.  Printing-papers 
scnlly  of  a  yellow-wove  texture,  and  are  not  so  well  sized  as  the  writmg- 
;  but  the  sizing  is  not  whoUy  omitted,  as,  without  some  portion  of  it,  they 
not  possess  sufficient  strength  for  ordinary  purposes. 
eome  now  to  speak  of  the  Wrapping  or  Packm^-paperw.  This  class 
m  m  almost  endless  variety  of  sorts  and  sizes,  which,  for  the  sake  of  per- 
jf  we  shall  notice  under  the  following  heads;  viz.,  Cartridge-papers, 
lapeti^  Hand  papers,  and  Brown  papers. 

Cartridge  Papen, 

NAME.  DIMENSIONS.  WEIGHT. 

.  lochea.    Inchet.  Ibt.      Iht. 

Square  cartridge 33^  by  21^  46  to  50 

0ouble  crown  ditto  ....  30   —  20  30  —  38 

Elephant  ditto  ....  28  —  23  48  —  52 

Common  size  ditto  ....  26   —  21  40  —  50 

fioyal  ditto.    .     .    .  24   —  19|  29  —  32 

•Demy  ditto.    .    t    .  22i  — 17|  26  —  28 

•Foolseap  ditto  ....  16^  —  13}  13  —  15 

*  Zhsse  two  tfe  mostly  nude  In  tho  double  size. 
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Blue  Papers. 


NAME.  DIMENSIONS. 

Inches.    Inches. 

Blue  elephant 28  by  23 

Ditto  double  crown  .     .     .     .     30   —  20 
Ditto  ditto  foolscap   ....     26|  —  16 

Blue  royal 25—20 

Ditto  demy. 22i  —  18 


WEIGHT. 

lbs.  lbs. 
30  to  32 
20  — 24. 
18—20 
20  —  22 
15  —  20 


Hand  {or  white-brown)  Papers, 

MAMS.                                DIMENSIONS.  WEIGHT. 

Inches.    Inches.  lbs.      lbs. 

Elephant 28    by  23  30  to  36 

Thick  royal  hand 24^  —  20^  36  —  40 

Thin  ditto  ditto 24—20  16  —  20 

Royal  curling 23J  —  19^  10  —  12 

Lumber  hand 22^  —  181  13  —  15 

Middle  ditto 22—17  12  —  14 

Small  ditto 20—15  5  —  10 


Brown  Papers. 


NAME.  DIMENSIONS. 

Inches.    Inches. 

Imperial  cap 29    by  22 

Bag        ditto 23i  — 19J 

Kentish  ditto 21    —  17i 

Small      ditto 20—15 

Double  four  pound   .     .     .     .  32   —  20 

Small  ditto  ditto 28^  —  17| 


WEIGHT. 

'  lbs.  lbs. 
50  to  84 
30  —  48 
26  —  28 
10—  12 
56  —  66 
42  —  52 


There  are  a  variety  of  papers  for  particular  purposes,  which  do  not  properly 
belong  to  any  of  the  classes  hitherto  described ;  we  therefore  proceed  to  notioe 
the  principal  of  them,  commencing  with  Blotting-paper^  which  must  be  wdl 
known  to  every  person ;  it  is  made  of  three  sizes,  viz.  medium,  post,  and 
foolscap ;  the  weight,  quality,  and  colour,  vary  greatly,  but  the  pale  red  iB  Yn 
far  the  most  used.  Blotting-paper,  especially  the  colourless  descnption,  is  mneh 
used  in  chemical  experiments,  for  the  purposes  of  filtration ;  there  is,  howeTer, 
a  paper  made  expressly  for  this  purpose,  known  by  the  name  of  filtering- 
paper  ;  it  is  generally  made  the  size  of  double  crown,  and  is  of  a  thick,  wodlqf 
texture. 

Tissue-paper  is  also  too  well  known  to  need  description,  beyond  stating  that  il 
is  made  the  size  of  crown,  double  and  single,  and  demy.  A  particular  tpeciet 
of  tissue-paper  is  manufactured  and  sold  under  the  name  of  copying  post ;  it  ia 
wholly  destitute  of  size,  and  is  of  a  thin  absorbent  texture ;  its  size  it  medium ; 
its  use  is  for  copying  newly-written  letters.  For  this  purpose  it  is  slightly  moia- 
tened,  and  laid  on  the  letter  written  with  copying-ink,  and  then  subjected  to' 
the  action  of  a  press,  kept  in  counting-houses  for  that  punKMe ;  on  remoring 
the  letter  from  the  machine,  an  accurate  fac-simile  is  found  transferred  to  the 
copying  paper,  which  pasted  in  a  book,  answers  all  the  purposes  of  the  mora 
tedious  and  laborious  methods  of  transcribing  formerly  practised. 

Liltress  is  a  kind  of  smooth  cartridge-paper ;  it  is  made  of  two  aixes,  royal 
and  foolscap,  and  only  used  in  the  manufacture  of  cards.  Besides  many  of  the 
papers  already  described,  grocers  use  a  thick  purple  paper^  which  forms  a  dit* 
tinct  class,  under  the  title  of  sugar  blues. 
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Sugar  Bluet, 

NAME.  DIMENSIONS.  WEIGHT. 

Inches.    Inches.  lbs. 

Large  lump 22^  by  32  108 

Small  ditto 28{  >-  21|  102 

Single  loaf 26f— 19  80 

Powder  ditto 26    —  1 8  58 

Double  ditto 22—151  44 

Besides  the  brown  papers  enumerated,  there  are  some  made  fbr  particular 
purposes,  among  which  may  be  noticed  a  large  coarse  paper  for  strong  pack- 
ing purposes,  known  by  the  name  of  Manchester-papers :  sheatliing-paper,  for  the 
vse  of  ship-builders,  and  tip-paper  for  hatters,  are  also  of  a  similar  description. 
It  may  be  as  well  to  observe,  that  although  a  very  marked  distinction  hat 
Veen  made  in  the  classification  of  the  several  papers,  yet  such  in  reality  does  not 
ciist;  as  the  finest  printing  and  sometimes  even  writing-papers  are  applied 
to  wrapping  piurposes;  instance  the  foolscaps,  crowns,  and  demies,  used  by 
grocers,  hatters,  and  the  like.     In  hand  papers,  again,  some  difficulty  occurs ; 
elephant,  which  stands  at  the  head  of  that  class,  is  used  almost  exclusively  for 
the  manufacture  of  paper-hangings,  being  joined  together,  and  printed  on  :  it  is 
nade  of  various  qualities,  according  to  the  description  of  work  for  which  it  is 
intended.     The  eleeant  crimson  and  satin  hangings  require  a  paper  of  the  best 
printing  quality,  which  will  not,  therefore,  properly  come  under  the  denomina- 
tion of  hand-paper ;  but  had  these  and  similar  particulars  been  permitted  to 
interfere  with  the  plan  adopted,  much  unneceasar}*  repetition  and  great  con- 
fusion would  have  been  the  inevitable  consequence.     We  have,  therefore,  given 
the  most  usual  weights  and  sizes,  which  continue  much  the  same,  in  whatever 
dus  the  quaUty  of  the  paper  may  chance  to  place  it. 

Coloured  papert  are  of  two  kinds,  those  wnich  are  made  at  the  paper-mill, 
either  by  colouring  the  pulp  in  the  vat,  by  using  coloured  rags,  or  by  dyeing  the 
p&per  afterwards ;  and  those  which  are  made  firom  white  papers,  by  persons  fol- 
lowing the  business  of  fancy  stationers.  In  the  first  class,  we  find  the  coloured 
drawing  or  crayon  papers  lor  artists,  coloured  royal  and  demy  for  bookbinders, 
^d  the  delicate  tinted  post  and  tissue-papers,  in  high  repute  with  the  fair  sex. 
^  second  class  comprises,  in  addition  to  some  of  the  above,  coloured  double- 
crown  and  demy,  for  posting-bills,  coloured  foolscap,  (or  small  post,)  plain  and 
fitted  for  fancy  work,  and  varnish  coloured  papers,  embossed  in  imitation  of 
Ottered  or  figured  silk,  and  morocco  leather.  To  these  may  be  added  a  very 
l^t  variety  of  marble-papers  for  bookbinding,  as  also  papers  beautifully 
piiftted  in  imitation  of  the  various  valuable  woods  and  marbles. 

PAPER  MANUFACTURE.  The  first  paper  mill  established  in  England 
^»  at  Dartford,  by  a  German,  (who  was  jeweller  to  Queen  Elizabeth,)  about 
^year  1588.  For  a  long  period  afterwards  the  manufacture  was,  however,  of 
^  inferior  a  auality  as  to  render  it  necessanr  to  have  recourse  to  France  and 
lioQand  for  ttioee  of  the  better  quality.  The  process  at  this  time  consisted  in 
Meeting  the  rags  to  fermentation,  by  which  destructive  operation  they  were 
^  eonrse  more  easily  reduced  to  a  pulpy  consistency,  which  was  eflected  by 
^tUDping  or  triturating  in  a  kind  of  mortar,  similar  to  the  action  of  the  Asiatic 
^  Bull,  described  at  page  201.  About  the  middle  of  the  last  century  the  pro- 
cess was,  by  sacoessive  ameliorations,  entirely  changed,  so  as  to  approximate 
'ittily  to  that  now  used  in  making  paper  by  hand.  We  shall  therefore  proceed 
^deteribe,  in  the  first  place,  all  the  ordinary  manipulations  practised  in  making 
P^  by  hand ;  and  afterward^  successively,  those  improvements  in  the  mecha- 
'w  by  which  this  important  manufacture  is  now  conducted. 

The  best  kind  of  rags  employed  in  the  manufacture  of  paper  are  collected  in 
^  country,  but  all  these  are  only  sufiScient  to  supply  a  fifth  part  of  our 
^Bttnd;  and  the  inferior  kinds  are  imported  from  the  continent,  particularly 
^^  Hamburgh,  whence  our  chief  supply  has  been  drawn  for  many  years, 
^  dty  being  apparently  the  grand  rag- market  for  the  German  Site's  and 
^  nvth  of  Europe.    France,  Holland,  and  Belgium,  prohibit  the  exportation ; 
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a  considerable  quantity  is,  however,  brought  to  us  from  Italy,  and  various  parti 
of  the  Mediterranean.  These  rags  are  of  course  of  every  quality,  from  canvas 
to  cambric,  and  of  every  tint,  as  respects  filth  or  cleanliness,  between  white  and 
black;  those  from  Sicily  have  the  hue  of  sepia.  Notwithstanding  they  undergo, 
from  their  excessively  filthy  state,  a  partial  cleansing  before  they  can  be  shipped, 
they  become  so  completely  metamorphosed  by  the  ablutions  and  manipulations 
of  our  paper  makers,  as  to  be  converted,  in  a  very  short  space  of  time,  into  a 
pure  and  spotless  white  paper.  Before  rags  are  brought  to  the  mill,  they  are 
roughly  sorted  into  several  qualities,  distinguished  by  technical  terms,  understood 
by  the  trade.  At  the  mill,  these  sorts  are  more  particularly  sorted,  according  to  the 
requirements  of  the  manufacturer,  and  at  the  same  time  they  are  cut  into  pieces, 
if  they  are  much  larger  than  about  the  palm  of  the  hand.  A  number  oif 
women  are  employed  for  this  purpose,  in  a  large  room,  fitted  up  and  adapted  to 
reduce  the  nuisance  of  the  filth  and  dust  of  the  operation.  Each  woman  stands 
before  a  kind  of  table,  formed  of  a  wire  screen,  on  wnich  the  rags  she  sorts  are  firom 
time  to  time  distributed,  and  moved  about,  which  causes  much  of  the  dust  and 
dirt  to  pass  through  the  wires  into  receptacles  beneath.  At  each  stand  there  is 
also  a  fixed  blade  of  steel,  kept  very  sharp,  over  which  the  workwomen  draw 
those  pieces  of  rags  that  are  too  large,  and  thus  quickly  divide  them.  If  the 
pieces  be  small  enough,  they  throw  them,  according  to  their  respective  qualities, 
into  one  or  other  of  a  series  of  receptacles  designed  to  receive  the  various 
qualities  in  a  separate  state.  All  the  seams  in  the  rags  are  carefully  separated ; 
as  the  sewing  threads,  if  not  thoroughly  torn  into  filaments  by  the  engine,  would 
produce  indentations  or  knots  upon  the  paper.  An  active  woman  can  cut  and 
sort  about  a  hundred- weight  a  day ;  the  rags  are  next  weighed,  and  put  up  into 
hundred-weight  bags,  ready  for  the  subsequent  operation.  .It  was  formerly 
necessary  to  assort  the  rags  with  great  care,  with  respect  to  colour,  as  well  as 
texture ;  but  from  this  care  they  are  now  in  a  great  measure  relieved,  by  the 
introduction  of  bleaching  by  chlorine,  which  enables  them  to  produce  the  wnitest 
paper  from  any  kind  of  rags :  by  injudicious  management,  however,  the  process 
18  sometimes  carried  too  far,  and  the  tenacity  of  tne  vegetable  fibre  destroyed. 
The  next  operation  is  to  boil  the  rags  for  some  hours  with  lime,  which  loosens  the 
dirt,  and  partially  cleanses  them ;  but  this  preparatory  process  for  the  operatioDS 
of  the  mill  is,  we  believe,  confined  to  the  most  improved  mills. 

The  paper-mill  consists  of  a  water  wheel,  or  other  first  mover,  connected  with 
a  combmation  of  toothed  and  other  wheels,  so  arranged  as  to  cause  the  cylinder 
in  the  washer ^  and  the  one  in  the  heating  engine  (wmch  are  nearlv  of  a  similir 
construction,)  to  make  150  or  more  revolutions  per  minute.   On  tne  same  sbaA^ 
and  of  the  same  size  as  the  water  wheel,  is  a  cogged  wheel,  which  gives  modoB 
to  a  pinion,  on  whose  axis  is  a  two  or  three-throw  crank,  that  works  as  maaj 
pumps,  which  raises  a  constant  stream  of  water  from  the  mill-dam ;  this  wiler 
IS  kept  constantly  running  through  the  rags  in  the  washing  and  beating  engiaeiL 
The  building  and  machinery  of  a  paper  mill  should  be  well  constructed,  othtf- 
wise  the  ^eat  velocity  of  the  wheels  produces  a  tremor,  which  in  time  ifaakei 
it  all  to  pieces.    A  washing  engine,  when  it  revolves  at  the  rate  of  120  rffoh- 
tions  per  minute,  and  has  40  teeth,  each  of  which  passes  by  14  teeth  in  d» 
block,  produces  67,200  cuts  in  a  minute,  and  makes  a  most  horrible  grovling 
noise ;  out  in  the  beating  engine,  in  which  the  cutters  and  teeth  are  smslkr, 
and  the  revolution  more  rapid,  the  noise  produced  is  one  continued  loud  hoB' 
min?.     The  cuts  made  in  the  latter  amount  to  nearly  200,000  per  minali^ 
whicn  circumstance  will  account  for  the  rapidity  with  wnich  the  rags  are 


verted  into  a  pulpy  mass,  in  which  the  filaments  are  so  minute  as  to  besesied|f 
discernible.  The  washing  engines  of  a  mill  are  placed  at  a  higher  defsCioi 
than  the  beating  engines,  and  they  are  actuated  in  the  following  mamier.  Thi 
large  cogged  wheel,  before  mentioned,  drives  a  pinion  upon  a  vertical  axis;  vf^ 
this  axis  are  two  horizontal  spur-wheels,  at  dinerent  elevations ;  the  upper  sue 
drives  a  pinion  on  the  axis  of  the  washing  engine,  and  the  lower  one  a  pinMf 
on  the  axis  of  the  beating  engine ;  and  as  these  engines  are  similar  in  tlitf 
arrangement  of  parts,  and  di£r  only  in  certain  proportions,  we  shall  make  tb*  W 
subject  intelligible  by  the  description  of  one  only.    The  figure  on  the  next  f^      9 
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Btents  a  plan  of  one  of  the«e  engines,    a  a  is  a  wooden  rat  or  cistern,  about 
tet  long,  4|  wide,  and  2^  deep,  the  inside  lined  with  lead ;  6  is  a  longitudinal 


i^r^cTp^-^i^" 


itition,  also  covered  with  lead ;  c  is  a  reticulated  cylinder,  fixed  fast  upon  the 
^ring  shaft  d,  extending  across  the  engine,  and  put  in  motion  through  the 
^dtuin  of  the  pinion  e,  driven  by  a  toothed  wheel  on  the  vertical  shaft  of  the 
il^  as  before  mentioned.  This  cylinder  is  made  of  wood,  and  furnished  with  a 
nber  of  parallel  blades,  fixed  longitudinally  around  its  circumference.  Imme- 
Idy  beneath  this  cvlinder  is  a  block  of  wood  extending  its  length,  and  of  the 
•dm  of  the  space  between  the  two  dotted  lines  represented.  The  upper  sur- 
e  of  this  block  conforms  to  the  curvature  of  the  cylinder,  and  it  is  provided 
h  taeth  or  blades,  placed  close  together,  so  as  to  present  so  many  acute  cutting 
ijktf  which  present  themselves  constantly  to  the  teeth  on  the  revolving 
Older,  not  in  contact,  but  so  near  as  to  cut,  chop,  and  tear  the  rags  as  they 
finced  between  tliem  by  the  action  of  the  macnine.  The  distance  between 
m  opposed  series  of  teeth  is  always  susceptible  of  regulation,  by  turning 
nri  al  //,  which  raise  or  lower  the  bearings  gff  of  the  axis  of  the  cylin- 
',  which  bearings  are  levers  turning  upon  fiilcrums  at  hh.  The  engine 
Mrvad  with  water  by  a  pipe  i  from  a  reservoir  supplied  by  the  pumps,  which 
bUvers  into  a  small  cistern^',  communicating  with  the  engine.  This  pipe  is 
~  with  a  cock,  to  stop  or  regulate  the  quantity  of  water;  and  to  prevent 


f  CBtraneous  matter  passing  with  the  water  into  the  engine,  it  has  a  nsir  or 
»  Plainer  k  placed  across  it  When  the  engine  is  filled  with  water,  and  a 
lalitv  of  rags  put  in,  they  are,  by  the  revolution  of  the  cylinder,  drawn  be- 
wi  ita  cutters  and  those  on  the  block  underneath.  This  cuts  them  into 
eat;  then,  by  the  rapid  motion  of  the  cylinder,  the  rags  and  water  are  thrown 
■arda  over  a  breasting,  which  rises  in  the  same  curve  with  the  toothed  block, 
to  about  the  middle  oif  the  cylinder;  from  this  point  they  descend  an  inclined 
Ml  whoae  length  is  represented  by  the  dotted  line  /,  and  take  a  course  round 
I  fal^  aa  indicated  by  tne  arrows ;  the  whole  contents  of  the  vat  are  thus  put 
0  motion,  which  continues  as  long  aa  the  cylinder  revolves ;  that  being  of 
vaa  deterraijied  by  the  uniform  reduction  of  the  rags  into  a  pulpy  consistency, 
i  cutter  block  is  made  so  aa  to  slide  into  or  out  of  its  place  from  the  outside 
die  machine,  for  the  convenience  of  sharpening  its  teeth,  &c.  The  cutters 
tlia  cylinder  are  fixed  into  grooves  made  in  the  wood  of  the  cylinder,  at 
aal  distances  from  each  other  around  its  circumference,  in  a  direction  parallel 
itaaxia;  the  number  of  these  grooves  is  twenty;  and  for  the  washer,  each 
Wft  has  two  cutters  or  blades  put  in  it ;  then  a  fillet  of  wood  is  driven  fast 
Wween  them,  to  hold  them  firm,  and  the  fillets  are  nailed  fast  into  the  solid 
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wood  of  the  cylinder.    Tlie  beater  is  made  in  the  same  manner,  except  that 
each  groove  contains  three  bars  and  two  fillets. 

In  the  operation  of  this  cylinder,  it  is  necessary  it  should  be  inclosed  in  a 
case,  or  its  great  velocity  would  throw  all  the  rags  and  water  out  of  the  engine. 
Tlie  case  is  a  wooden  box,  inclosed  on  all  sides  except  the  bottom ;  one  aide  of 
it  rests  on  the  edge  of  the  vat,  and  the  other  upon  the  edge  of  tlie  partition  b. 
Inside  this  case  are  two  hair  or  wire  strainers,  through  which  the  foul  water 
passes  as  it  is  dashed  against  them,  and  on  the  opposite  side  of  these  strainers 
the  case  is  formed  so  as  to  conduct  the  foul  water  into  two  flat  lead  pipes,  seen 
in  section  at  oo,  out  of  the  machine.  When  the  water  b  not  required  to  be 
carried  off,  as  in  the  beating  engines,  there  are  sliding  shutters  provided  to  these 
sieves,  which  pass  through  grooves  on  the  top,  and  at  the  sides  of  the  caae^  bjr 
which  the  water  as  well  as  the  rags  are  returned  into  the  engine. 

When  the  rags  have  been  about  an  hour  in  the  first  engine,  if  they  require  it, 
according  to  the  modern  practice,  they  are  bleached.     There  are  two  ways  of 
bleaching  used  at  present ;  one  by  the  oxymuriatic  acid  gas,  the  other  by  the 
acid  combined  in  the  dry  way  with  quickUme.     In  the  first  way,  the  rags  are 
boiled  in  an  alkaline  solution  of  potash  and  lime  for  four  or  five  hours,  or  if 
very  coarse,  for  eight  hours.     The  purpose  of  this  is  to  destroy  the  coarse  part 
of  the  hemp,  commonly  called  shon  or  sheave,  and  which  exists  in  a  great 
degree  in  coarse  linens,  especially  German  rags.     The  solution  is  then  washed 
-out  in  the  washing  engine;  the  water  being  pressed  out,  they  are  exposed  to 
the  acid  in  the  gaseous  form,  as  linen  is ;  (see  the  article  Bleaching.)    The 
gas  is  then  washed  out  as  carefully  as  possible  ;  this  is  of  great  importance,  as, 
if  any  acid  remain  in  the  rags,  it  causes  the  paper,  after  some  time,  to  putrefy 
and  change  its  colour.     In  the  other  way,  the  oxymuriate  of  lime  is  diffused  in 
water  by  agitation,  the  insoluble  matter  is  thrown  out,  and  the  liquid,  when  clear, 
is  diluted  and  put  in  the  engine ;  being  thoroughly  mixed  with  the  rags,  it  it 
allowed  to  stand  for  an  hour  or  more,  and  the  acid  carefully  washed  out 
Bleaching  is  not  now  quite  so  much  practised  as  formerly,  on  account  of  the  low 
price  of  rags ;  indeed,  we  understand  that  unbleached  papers  are  entirely  used 
m  the  Oxford  University  Press,  for  the  printing  of  bibles,  testaments,  &c.,  oo 
account  of  their  ereat  durability.     After  the  bleaching,  (if  that  process  is  vsed 
at  all,)  the  stuff  is  reduced  for  an  hour  or  more  in  the  washing  engine,  abd  is 
then  put  into  the  beating  engine.     When  it  has  been  beat,  as  it  is  called,  for 
about  three  hours  and  a  half,  it  is  generally  fine  enough,  and  a  valve  pbeed 
in  the  bottom  of  the  engine  being  opened,  the  stuff  escapes  into  the  ch^  or 
general  reservoir,  which  supplies  tnc  vat  or  other  machinery. 

We  shall  now  proceed  to  describe  the  mode  of  making  paper  by  hand,  with- 
out the  aid  of  machinery,  (in  the  common  acceptation  of  that  term.)  The  vit  ii 
made  of  wood,  and  generally  about  five  feet  in  diameter,  and  two  and  a  half  in 
depth.  It  is  kept  at  the  required  temperature  by  means  of  a  grate,  introduced 
by  a  hole,  and  surrounded  on  the  inside  of  the  vat  by  a  case  of  copper.  For 
fuel  to  this  grate,  charcoal  or  wood  is  used ;  and  frequently,  to  prevent  imoki^ 
the  wall  of  the  building  comes  in  contact  with  one  part  of  the  vat,  and  the  fin 
has  no  communication  with  the  place  where  the  paper  is  made.  Eveiy  vat  ii 
furnished  on  the  upper  part  with  planks,  inclosed  inwards,  and  even  ruled  in 
with  wood,  to  prevent  any  of  the  stuff  from  running  over  in  the  opentioo. 
Across  the  vat  is  a  plank,  which  is  called  the  trepan,  pierced  with  holes  at  OM 
of  the  extremities,  and  resting  on  the  planks  which  surround  the  vat.  The 
moulds  are  composed  of  wire  cloth,  and  a  movable  frame.  The  wire  doth  ii 
varied  in  proportion  to  the  fineness  of  the  paper,  and  the  nature  of  the  itnC 
A  laid  mould  consists  of  a  frame  of  wood,  neatly  joined  at  the  comers.  Woodea 
bars  run  across  it,  about  an  inch  and  a  half  distance  from  each  other.  Acrofl 
these,  and  consequently  along  the  mould,  the  wires  run,  from  fifi^n  to  twen^ 
in  an  inch.  A  strong  raised  wire  is  laid  along  each  of  the  cross-bars,  to  which  tht 
other  wires  are  fastened  ;  this  gives  the  laid  wire  its  ribbed  appearance.  Tbe 
water-mark  is  formed  by  sewing  a  raised  piece  of  wire,  in  the  form  of  letten^ 
or  any  device  that  may  be  wished,  on  the  wires  of  the  mould,  wliich  makes  tht 
paper  thinner  in  these  places.    The  frame-work  of  a  wove  mould  ii  nearfy  the 
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tame ;  bat,  instead  of  sewing  on  separate  wires,  the  frame  is  covered  with  fine 
wire-clothy  of  from  48  to  64  wires  in  an  inch.     On  both  moulds  a  deckle,  or 
morable  raised  edging,  is  used ;  this  must  fit  very  neatly,  otherwise  the  edge  of 
the  paper  will  be  rough.    The  felts  are  pieces  of  woollen  cloth,  spread  over 
every  sheet  of  paper,  and  upon  which  the  sheets  are  laid,  to  detach  them  from 
the  form,  to  prevent  them  from  adhering  together,  to  imbibe  part  of  the  water 
with  which  the  stuff  is  charged,  and  to  transmit  the  whole  of  it,  when  placed 
under  the  action  of  the  press.    The  two  sides  of  the  felt  are  differently  raised ; 
that  of  which  the  hair  is  the  longest  is  applied  to  the  sheets  which  are  laid 
down ;  and  any  alteration  of  this  disposition  would  produce  a  change  in  the 
texture  of  the  paper.     The  stuff  of  which  the  felts  are  made  should  be  suf- 
ficiently strong,  in  order  that  it  may  be  stretched  exactly  in  the  sheets  without 
forming  into  folds ;  and,  at  the  same  time,  sufficiently  pliant  to  yield  to  every 
direction,  without  injury  to  the  wet  paper.     As  the  felts  have  to  resist  the 
reiterated  efforts  of  the  press,  it  appears  necessary  that  the  warp  be  very  strong, 
of  combed  wool,  and  well  twisted.     On  the  other  hand,  as  they  have  to  imbibe 
a  certain  quantity  of  water,  and  to  return  it,  it  is  necessary  that  the  woof  be  of 
carded  wool,  and  drawn  out  into  a  slack  thread.     Af^r  the  stuff  is  ready,  the 
workman  takes  one  of  the  moulds,  furnished  with  its  frame,  by  the  middle  of 
the  short  sides,  and  fixing  the  frame  round  the  wire-cloth  with  his  thumbs,  he 
phinees  it  obliquely  four  or  five  inches  into  the  vat,  beginning  by  the  long  side, 
vhicb  is  nearest  to  him.    After  the  immersion,  he  raises  it  to  a  level ;  by  these 
nofements  he  fetches  up  on  the  mould  a  sufficient  quantity  of  stuff;  and  as 
iooD  as  the  mould  is  raised,  the  water  escapes  through  the  wire-cloth,  and  the 
nperfluity  of  the  stuff  over  the  sides  of  the  frame.     The  fibrous  parts  of  the 
stuff  arrange  themselves  regularly  on  the  wire-cloth,  not  only  in  proportion  as 
the  water  escapes,  but  also  as  the  workman  favours  this  effect  by  gently  shaking 
the  mould ;   uterwards,  having  placed  the  mould  in  a  piece  of  board,  the 
workman  takes  off  the  frame  or  deckle,  and  elides  it  towards  the  coucher,  who, 
hiTing  previously  laid  his  felt,  places  it  with  his  left  hand  in  an  inclined 
Btoation,  on  a  plank  fixed  in  the  edge  of  the  vat,  and  full  of  holes.  During  this 
operation  the  workman  applies  his  frame,  and  begins  a  second  sheet.    The 
oooefaer  seizes  this  instant,  takes  with  his  left  hand  the  mould,  now  sufficiently 
ifjt  and  laying  the  sheet  of  paper  upon  the  felt,  returns  the  mould,  by  gliding 
it  along  the  trepan  of  the  vat.   They  proceed  in  this  manner,  laving  alternately 
aiheet  and  a  felt  till  they  have  six  quires  of  paper,  which  is  called  a  post;  and 
this  they  do  with  such  swiftness,  that  in  many  sorts  of  paper  two  men  make 
^vards  of  twenty  posts  in  a  day.     When  the  last  sheet  of  the  post  is  covered 
vtth  the  last  felt,  the  workmen  about  the  vat  unite  together,  and  submit  the 
vhoie  heap  to  the  action  of  the  press.    They  begin  at  first  to  press  it  with  a 
niddling  lever,   and  afterwards  with  a  lever  of  great  lengtn.      After  this 
<>paition  another  person  separates  the  sheets  of  paper  from  the  felts,  laying 
^aem  in  a  heap ;  and  several  of  these  heaps  collected  together  are  aeain  put 
ODder  the  press.    The  stuff  which  forms  a  sheet  of  paper  is  received,  as  we 
hare  already  said,  in  a  form  made  of  wire-doth,  which  is  more  or  less  fine,  in 
Proportion  to  the  stufi^  surrounded  with  a  wooden  frame,  and  supported  in 
the  middle  by  many  cross-bars  of  wood.     In  consequence  of  this  construction, 
>t  ii  easy  to  perceive  that  the  sheet  of  paper  will  take  and  preserve  the  impres- 
^  of  all  the  pieces  which  compose  the  form,  and  of  the  empty  spaces  between 
^hem.    The  traces  of  the  wire-doth  are  evidently  perceived  on  the  side  of  the 
iheet  which  was  attached  to  the  form,  and  on  the  opposite  side  they  produce  an 
(■Kmblage  of  parallel  and  rounded  risings.    As  in  the  paper  which  is  most 
^hly  finiahedy  the  regularity  of  these  impressions  is  still  visible,  it  is  evident 
^  all  the  operations  to  which  it  is  submitted  have  chiefly  in  view  to  soften 
*h(is  impressions  without  destroying  them  ;  it  is  of  consequence,  therefore,  to 
"ttead  to  the  combination  of  labour  which  operates  on  these  impressions.    The 
*><Kber,  in  turning  the  form  on  the  felt,  flattens  a  little  the  rounded  eminences 
1^^  are  in  relievo  on  one  of  the  surfaces,  and  occasions,  at  the  same  time, 
^hdk>w  places  made  by  the  wire-cloth  to  be  partly  filled  up;  meanwhile,  the 
*^  wliicn  is  made  in  detaching  the  form  produces  an  infinite  number  of 
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small  hairs  on  every  protuberant  part  of  the  sheet.  Under  the  action  of  tht 
press,  first  with  the  felts,  and  then  without  them,  the  perfecting  of  the  grain  of 
the  pa])er  still  goes  on.  The  vestiges  of  the  protuberances  made  by  the  wiret 
are  altogether  flattened,  and,  of  consequence,  the  hollows  opposite  to  them  dis- 
appear also ;  but  tlie  traces  formed  by  the  interstices  of  the  wire  in  consequence 
of  their  thickness,  appear  on  both  sides,  and  are  rounded  by  the  press.  The 
paper,  the  grain  of  wnich  is  highly  softened,  is  much  fitter  lor  the  puipoeei  of 
writing  than  that  which  is  smoothed  by  the  hammer;  on  the  other  hand,  a 
coarse  and  unequal  grain  very  much  opposes  the  movements  of  the  pen,  as  that 
which  is  beat  renders  them  very  uncertain.  The  art  of  makine  paper,  there- 
fore, should  consist  in  preserving,  and,  at  the  same  time,  in  highly  softening  the 
grain. 

The  exchange  succeeds  the  operation  last  described ;  it  is  conducted  in  a  ball 
contiguous  to  the  vat,  supplied  with  several  presses  and  a  long  table.    The 
workman  arranges  on  this  table  the  paper  newly  fabricated,  into  heaps,  each 
heap  containing  eight  or  ten  of  those  last  under  the  press,  kept  separate  by  a 
woollen  felt :  the  press  is  large  enough  to  receive  two  of  them  at  once,  ^aced 
the  one  at  the  other's  side,  and  must  have  a  power  from  70  to  100  tons,  vfhen 
the  compression  is  judged  to  be  sufficient,  the  heaps  of  paper  are  carried  back 
to  the  table,  and  the  whole  turned,  sheet  by  sheet,  in  such  a  manner  that  the 
surface  of  every  sheet  is  exposed  to  a  new  one ;  and  in  this  situation  they  are 
again  brought  under  the  press.     If  the  stuff  be  fine,  or  the  paper  slender,  the 
exchange  is  less  frequently  repeated  :  in  this  operation  it  is  necessary  to  alter 
the  situation  of  the  heaps,  witn  regard  to  one  another,  every  time  they  are  put 
under  the  press ;  and,  also,  as  the  heaps  are  highest  toward  the  middle,  to  plaee 
small  pieces  of  felt  at  the  extremities,  in  order  to  bring  every  part  of  them 
under  equal  pressure.    A  single  man,  with  four  or  five  presses,  may  exchange 
all  the  paper  produced  by  two  vats,  provided  the  previous  pressing  at  the  vats 
has  been  well  performed.    The  work  of  the  exchange  generally  lasts  two  days 
on  a  given  quantity  of  paper.     The  sheds  for  drying  the  paper  are  contiguous 
to  the  mill ;  they  are  furnished  with  a  vast  number  of  cords,  upon  which  they 
hang  the  sheets  both  before  and  after  the  sizing.    The  sheds  are  surrounded 
with  movable  lattices,  to  admit  a  quantity  of  air  sufficient  for  drying  the  paper. 
The  cords  of  the  sheds  are  stretched  as  much  as  possible ;  and  the  paper,  four  or  " 
five  sheets  together,  is  placed  on  tliem  by  means  of  a  wooden  instrument  in  thc^ 
form  of  a  tall  T.    The  principal  difficulty  in  drying  the  paper  consists  in  gn^ — 
dually  admitting  the  external  air,  and  in  preventing  the  cords  from  imbibing^ 
moisture. 

The  inconvenience  of  the  expansion  and  contraction  of  the  cords  from  alten^r^ 
tions  in  their  humidity,  might,  we  conceive,  be  remedied  by  saturating  theaa 
in  a  solution  of  caoutchouc,  which  would  not  destroy  their  flexibility,  but  wooM 
enable  them  to  resist  moisture,  and  render  their  durability  almost  everlsitiii^. 
In  some  mills  the  paper  is  hung  upon  smooth,  rounded  laths,  and  the  diyiog  v 
efiected  by  steam  or  not  water,  circulated  in  pipes  through  the  room. 

The  size  for  the  paper-makers  is  made  of  the  shreds  and  parings  proenred 
from  the  tanners  and  parchment-makers.  All  the  putrefied  parts,  and  the  Uxoe, 
being  separated  from  them,  they  are  enclosed  in  a  kind  of  basket,  and  letdown 
by  u  rope  and  pulley  into  a  cauldron.  When  the  solution  of  the  gelatin  v 
found  to  be  complete  (which  is  ascertained  by  drawing  up  the  basket),  it » 
allowed  to  settle  for  a  while,  and  then  twice  filtered,  before  it  is  put  into  the 
vessel  into  which  the  paper  is  dipped.  After  this  a  certain  quantity  of  alttOi 
also  of  smaltfl,  or  other  pigments  calculated  to  improve  the  tint,  or  bestow  i 
peculiar  hue  upon  the  paper,  is  added.  The  workman  then  takes  a  handful  of  tW 
sheets,  smoothed  and  rendered  as  supple  as  possible,  in  his  left  band,  dips  then 
into  the  vessel,  and  holds  them  separate  with  his  right,  that  they  may  equiltj 
imbibe  the  size.  After  holding  ihem  above  the  vessel  for  a  short  time,  b^ 
seizes  on  tho  other  side  with  his  right  hand,  and  again  dips  tliem  into  the 
vessel.  When  he  has  ten  or  a  dozen  of  these  handfuTs,  they  are  submitted  to 
the  action  of  the  press.  The  superfluous  size  is  carried  back  to  the  vetiel  by 
means  of  a  small  pipe.    The  vessel  iu  wliich  the  paper  is  sized  is  made  ^ 
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copper,  and  Aittiibhed  with  a  grate,  to  give  the  size,  when  neceuary,  the  re^i- 
aite  temperature  ;  and  a  piece  of  thin  hoard,  or  felt,  is  placed  between  evenr 
liiodfii]  as  they  are  laid  on  the  tahle  of  the  press.  After  the  paper  is  sized  it 
ii  carried  to  tne  dicing  house,  where  a  gradual  drying  of  the  sized  paper  is 
considered  to  be  very  important ;  the  exchange,  likewise,  at  this  stnge,  requires 
great  atteDtion,  as  the  grain  of  the  paper,  which  may  then  receive  impressions, 
can  never  be  restored.  When  the  sized  paper  is  also  exchanged,  it  is  possible 
to  bans  more  sheeta  together  on  the  cords  of  the  dtyine  house :  the  paper  dries 
better  m  this  condition,  and  the  size  is  preserved  wiuiout  any  sensible  waste, 
because  the  sheets  of  paper  mutually  preserve  the  rapid  operation  of  the  external 
air;  and  as  the  size  has  already  penetrated  into  the  paper,  and  is  fixed  on  the 
rurface,  the  insensible  progress  of  a  well-eonducted  drying  house  renders  all 
'M  good  effects  more  perfect  in  proportion  as  it  is  slowly  dried.  When  the 
Ining  is  completed,  it  is  carried  to  the  finishing  room,  where  it  is  pressed, 
selected,  and  examined ;  folded,  made  up  into  quires,  and,  finally,  into  reams. 
It  is  here  put  twice  under  the  press;  first,  when  it  is  at  its  full  size,  and, 
secondly,  after  it  is  folded.  The  principal  labour  of  this  place  consists  in 
sjioTting  the  paper  into  different  lots,  according  to  its  quality  or  defects ;  afler 
ivkich  it  is  made  up  into  quires.  The  person  who  does  this  must  possess  great 
^liill,  end  be  capable  of  great  attention,  because  he  acts  as  a  check  on  those  who 
;«parated  the  paper  into  different  lots :  he  takes  the  sheets  with  his  right  hand, 
MDids  them,  examines  them,  lays  them  over  his  left  arm  till  he  has  the  number 
-«<)iusite  for  a  quire,  brings  the  sides  parallel  to  each  other,  and  places  them  in 
m  <apt  under  the  table.  An  expert  workman,  if  proper  care  has  been  taken  in 
s^wrting  the  lots,  will  finish,  in  this  manner,  about  600  quires  in  a  day.  The 
»aper  is  afterwards  collected  into  reams  of  20  quires  each,  and,  for  the  last 
jixne,  put  under  the  press,  where  it  is  continued  for  ten  or  twelve  hours,  cr  as 
cmg  as  ^e  requirements  of  the  paper-mill  will  permit. 

1  he  art   of  making  paper  in  one  continuous  sheet  of  any  required  length, 

ftvigbated  from  an  ingenious  Frenchman  of  the  name  of  Didot,  who,  in  con- 

■x&etion  with    the  Messrs.  Fourdrinier,  succeeded,  after  the   expenditure  of 

"Xionnous  sums  of  money,  in  perfecting  this  important  improvement,  which  has 

i€nr,  in  a  great  measure,  superseded  the  desultory  mode  of  operating  we  have 

ost  described.     Tlie  action  and  arrangement  of  the  improved  mechanism  may 

e  thus  briefly   ex])]ained.     A  horizontal  frame,  of  any  reouired  length  or 

rctdih,  is   furnished  with  a  roller  or  cylinder  at  each  end,  over  which  is 

^Vftdied  an  endless  web  of  brass  wire,  of  the  requisite  texture  or  fineness,  for 

ic  paper  to  be  manufactured  by  it.     At  one  end  of  the  frame,  parallel  with, 

ad  immediately  over  one  of  the  cylinders,  is  a  long  angular  trough,  or  sluice, 

to  which   the  pulp  is  received  from  a  vat  above,  wherein  it  is  continually 

*,itaicd,  whence  it  issues  through  a  long  slit  or  opening,  regulated  by  a  screw, 

UiDg  in  an  uniformly  thin  stratum  upon  the  whole  breadth  of  the  endless  web 

leMh,  at  which  time  the  cylinders  are  in  motion,  carrying  fonn-ard  the  stratum 

fnlp,  and  a  joggling  motion  is  communicated  to  it  laterally  by  the  alternating 

<lioo  of  a  rod,  produced  by  a  revolving  crank ;  this  agitation  of  the  pulp,  ns 

water  drains  from  it  through  the  wire-work,  produces  the  felting,  or  inter- 

nrii^  of   tlie  fibre,  as  perfectly  as  it  is  done  by  hand ;  and  the  pulp  is 

rented  from  flowing  over  the  sides  by  means  of  two  leather  streps,  one  on 

\  akie,  which  move  round  with  the  web ;  end  by  the  shifting  of  wnich  straps 

cr  to,  or  farther  from  the  centre,  the  width  of  the  paper  may  be  re  gulated. 

ke  time  the  pulpy  mass  arrives  to  the  farthest  end  of  the  machine,  it  has 

ltd  sufficient  tenacity  to  be  taken  up  by  a  larger  cylinder,  covered  with 

r  flannel,  and  is  then  passed  between  a  series  of  simflar  cylinders,  and 

r  delivered  on  to  a  reel ;  and  when  this  reel  has  sixteen  or  eighteen  quires 

1  upon  it,  it  is  removed,  and  another  put  in  its  place ;  the  paper  is  now 

F  the  reel  by  a  longitudinal  incision  through  the  coil,  when  it  undergoes 

ar  aeries  of  operations  to  that  we  have  described  in  making  paper  by 

A  full  description  of  this  machine  is  given  in  the  Repertory  of  Aria, 

III.  Second  Series,  to  iihich  we  must  refer  uur  readers,  in  order  that  we 

d  room  for  the  description  of  a  variety  of  improvements  in  paper- 
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My  oontinuoiii^  but  differently  arranged,  forming  timnly  the  exterior  or  pen 

ery  of  a  large  dram,  which  revolves  in  the  pulp  vat  The  preceding  engravini 

bibiti  an  elevation  of  the  apparatus,  sliown  partly  in  section,    a  is  a  vossei 

ntaining  the  pulp,  considerably  diluted,  which  is  preserved  at  the  desired 

el  bv  any  of  the  usual  means,  so  that  the  pulpy  liquid,  when  the  machine  is 

work,  shall  flow  over  the  curved  side  of  the  vessel  into  a  revolving  cylindrical 

ndd  6.     In  the  vessel  a,  a  vane  c  is  made  to  revolve,  to  keep  up  a  powerful 

itation,  and  prevent  any  of  the  fibres  from  subsiding.    The  rotatory  mould  6 

formed  on  its  periphery  like  a  sieve  (which  will,  hereafter,  be  particularly 

scribed),  and,  as  it  turns  round  in  the  direction  of  the  arrow,  the  pulp  is 

ceived  upon  it ;  the  chief  part  of  the  water  instantly  drains  through  the  bars 

the  mould,  and  the  paper,  in  a  loose,  spongy,  wet  state,  is  formed.   The  con- 

med  motion  of  the  mould  brings  this  pulpy  matter  in  contact  with  an  endless 

It  d,  which,  by  a  superior  attraction  of  cohesion,  attaches  to  itself  the  pulpy 

brie,  and  carries  it  forward  between  that  felt  and  another  felt  e,  where  it 

iceives  pressure,  first  from  a  pair  of  wet  rollers  ff,  then  a  greater  pressure 

Dm  the  dry  rollers  g  g  ;  from  thence  the  paper,  in  a  comparatively  dry  state, 

i  taken  up  by  a  rotatory  vane  A,  upon  which  it  is  folded ;  when  tliis  vane  is 

illy  charged  it  is  removed,  and  i^iother  vane  substituted  in  its  place.     In  this 

iinner  a  sheet  of  any  required  length  may  be  made.    The  cylindrical  mould 

revolves  in  a  vessel  of  water  ^  which  serves  to  wash  off  the  fibrous  matter 

lat  may  adhere  to  it,  and  to  receive  the  water  which  drains  from  the  diluted 

lip  as  it  passes  over.    The  cast-iron  frame  upon  which  the  mould  revolves  is 

inted,  to  facilitate  that  lateral  shaking  or  trembling  motion,  essential  in  the 

aktng  of  paper,  which  is  effected  by  a  crunk  and  rod,  or  by  any  of  the  other 

ual  means,  motion  bein^  communicated  from  the  gearing  which  drives  the 

Klen,  &'c.     The  roller  k  is  called  the  combing  roller,  as  it  takes  the  paper  off 

c  mould.    This  roller  is  provided  with  a  regulating  screw,  to  tighten  the  web, 

adjust  the  pressure  against  the  mould.  The  upper  wet  rollers/ and  the  upper 

y  rollers  g,  have  also  regulatmg  screws,  by  which  they  may  be  elevated  or 

Messed  in  the  long  slots  wherein  their  axes  revolve,  so  as  to  increase  or 

linish  the  pressure  upon  the  wet  paper.     A  «mall  roller  /  is  employed  for 

sting  in  separating  the  paper  as  it  passes  from  the  felt  on  to  the  vane  h.  As 

lowermost  web  becomes  very  wet  by  receiving  the  water  from  the  paper,  a 

1  cylinder  m  is  employed  to  press  out  the  water  from  it  as  it  revolves.    For 

perfect  cleansing  of  the  webs  from  the  fibrous  matter,   small  rotatory 

let  are  directed  to  be  fixed  so  as  to  brush  over  their  surfaces ;  and  the 

lyment  of  jets  of  water  to  wash  over  the  felts  is  also  recommended  by  the 

teet.     As  the  peculiar  construction  of  the  rotatory  mould  forms  the  prin- 

eatare  of  this  invention,  and  the  ground  of  patent-right,  it  is  proper  that 

)uld  describe  it  more  particularly.     In  its  outline  it  presents  precisely  the 

of  a  military  drum ;  its  periphery  is  formed  by  connecting  together  a 

if  metallic  rings;   the   cylinder  is  then   covered  longitudinally   with 

us  small  thin  bars  of  copper,  three-eighths  of  an  inch  wide,  placed 

7S^  so  as  to  form  a  complete  grating  over  the  whole  surface.     The 

mn  have  numerous  small  lateral  projections,  to  keep  them  at  a  regular 

apart ;  these  are  directed  to  be  made  by  passing  plain  slips  of  copper 

cylindrical  steel  rollers,  with  indentations  on  one  of  them,  adapted  for 

;  an  uniform  series  of  little  slabs. 

been  usual  to  distinguish  laid  paper  (or  paper  made  in  hand  moulds) 

^e  paper,  (or  that  made  on  the  endless  wire  web  in  a  machine,)  by 

ur  water-mark  lines.     Hitherto  the  machine  paper  has  been  made  on 

roven  wire,  which  gives  it  that  smooth,  woven  appearance ;  while  the 

is  marked  bydistinct  parallel  lines,  crossed  by  a  few  thicker  lines 

ch  apart.    The  usual  process  of  working  wire,  in  making  the  hand 

:  produce  the  last -mentioned  effect,  is  tedious  and  expensive ;  but 

lade  from  them  is  generally  preferable,  and,  we  believe,  is  worth 

market. 

\  of  the  invention  we  shall  next  describe,  is  to  make  a  paper  resem- 
)d  paper,  by  a  machine.     For  this  purpose.  Mr.  Louis  Aubrey,  of 
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Two  Waters,  in  Hertfordsliire,  took  out  a  patent  in  1 827,  for  an  endless  web  of  wire, 
tliat  will  produce  the  same  kind  of  water-marks  as  are  exhibited  in  the  laid  paper. 
The  warp,  consisting  of  the  small  wires,  is  put  into  the  loom  in  the  usual  way, 
until  the  reed  is  filled  to  the  width  required.  A  wooden  or  metal  roUer,  about  five 
inches  in  diameter,  containing  in  a  line  firmly  fixed  as  many  metallic  pegs  as  there 
are  large  water  lines  required  in  the  paper :  these  pegs  stand  out  from  the  roller 
about  a  quarter  of  an  inch,  and  answer  to  corresponding  large  divisions  left  in 
the  reed.  The  large  warp  is  then  placed  on  to  each  of  these  pegs,  and  round  the 
roller,  until  a  sufficient  length  is  obtained :  the  ends  are  then  passed  through  the 
front  harness,  placed  somewhat  higher  than  the  small  harness,  and  from  thence 
through  the  large  divisions  in  the  reed,  where  the  ends  are  made  fast  to  stout 
iron  rods.  In  this  manner  both  warps  are  drawn  tight,  and  the  weaving  is  exe- 
cuted by  the  usual  process.  The  superior* thickness  of  the  wires  of  the  large 
warp  causes  them  to  project,  and  to  produce  the  coarse  water  lines  in  the 
paper  made  with  it 

About  the  same  period  of  time,  Messrs.  J.  and  C.  Pbipps,  of  London,  took  out 
a  patent  for  a  different  mode  of  producing  the  laid  paper  impressions  in  a  machine, 
which  is  of  easy  application  to  a  Fourdriniers'  machine,  as  it  consists  simply  in 
the  addition  to  the  latter  of  a  revolving  cylinder,  which  impresses  the  peculiar 
water  lines  required  upon  the  wove  paper  as  the  latter  is  received  upon  the  felt. 
For  this  purpose,  the  cylinder  is  formed  of  wooden  discs  at  the  ends,  and  concen- 
tric rings,  and  turns  on  a  central  iron  axle.  Over  the  periphery  of  the  cylinder, 
the  same  kind  of  wire-work  as  the  laid  paper  moulds  are  made  of,  is  wound 
round,  and  carefully  joined  at  the  seam.  This  cylinder  is  mounted  over  the 
felt,  so  as  to  rest  its  weight  upon  it,  by  turning  loosely  in  vertical  slots,  made  in 
brass  bearings  on  the  side  frames  of  the  machine ;  the  wire-work,  therefore, 
passing  upon  the  newly-made  wet  paper  on  the  felt,  produces  the  required 
water  lines. 

Mr.  George  Dickenson,  of  Buckland  mill,  near  Dover,  who  has  shown  equal 
skill  and  perseverance  in  improving  the  mechanism  of  the  paper  manufacture, 
for  which  he  has  had  many  patents,  obtained  one  in  1828,  which,  combining 
several  previous  improvements,  we  shall  here  describe.  In  the  machines  we 
have  already  noticea,  it  will  be  observed  that  a  lateral  or  horizontal  motion  is 
given  to  the  endless  web  of  wire  for  felting  the  fibres,  and  separating  the  water*^^ 

from  the  pulp.    Tlie  leading  objects  of  this  invention  are  to  ^ve  a  rapid  vibra- 

tion  to  the  wire  web  in  a  vertical  direction,  and  by  rarefying  Uie  air  mid(  inrnth  ^ 
the  wire  web,  cause  the  atmosphere  to  press  upon  the  superior  surface  of  th  ^j« 
paper,  by  which  a  farther  portion  of  the  water  is  driven  through  the  paper  inL  «c> 
the  rarefied  apartment  unaemeath,  and  thus  the  paper  is  more  speedily  an.^ 
efTectually  dried.     From  this  account,  somewhat  of  the  nature  of  the  mschir^^ 
may  be  understood.     Wc  will  now  describe  the  arrangements  more  particularljr, 
with  reference  to  the  accompanying  engravings.     The  engraving  on  the  nesct 
page  exhibits  side  elevations  of  two  distinct  machines,  which  are  brought  into 
action   together;    they  are  marked  Fig,  1,  Fig.  2,  and  Fig.  3,  which  fbl* 
lows  it,  exhibits  a  longitudinal  section  of  the  exhausting  cylinder  only.    In 
Fig.  I,  a  a  is  a  wooden  frame  supporting  the  whole ;  hbbBXi  iron  frame  secured 
to  a  similar  one  on  the  opposite  side  by  a  rod  at  top,  and  a  bar  at  the  end,  and 
vibrating  on  a  pivot  c;  dh  cylinder,  revolving  on  a  fixed  axis  e  ;f\  and/ 2  band 
wheels,  which  give  motion  to  the  cylinder  d\y  a  toothed  wheel  on  the  axis  of 
/  1,  shovai  by  dots,  which  takes  into  another  toothed  wheel  on  the  cylinder  d  i 
g  a  cylinder  revolving  in  pivots,  supported  by  the  frame  hb  ;  ha.  roller  set  in 
motion  by  the  pinion  (shown)  driven  by  the  toothed  wheel  on  d,  and  whic^    - 
takes  into  another  wheel  on  the  end  of  the  roller  h  ;  k  another  roller  tumine  in 
grooves  by  being  placed  in  contact  with  the  revolving  roller  A  ;  ill  an  endle** 
web  of  wire  passing  over  the  cylinders  d  and  g,  also  betwixt  the  rollers  h  and  ^ 
and  over  the  tightening  rollers  m  and  n,  the  latter  of  which  is  movable  by  * 
screw,  in  order  to  regulate  the  tension  ;  o  o  a  series  of  rollers  supporting  0^^ 
wire  web,  and  revolving  upon  spindles  in  notches  cut  in  the  side  raib,  attach^ 
to  the  frame  bb;  p  tx  stout  piece  of  brass  called  the  deckle,  placed  on  es^*' 
side  of  the  machine,  over  the  wire  web,  and  supported  by  the  cross  ban  ^  ^ 
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IT  lawerci)  by  screvs  In  side  pieces  attached  to  tlieframci  b  ; 

r  llic  deckle  (traps,  revolving  over  pulleys  attoclied  to  each  end  of  the  drekle, 
W  oter  Bimikr  pulleys  on  the  axis  off  1,  and  under  a  pulley  *,  dipping  into 
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a  vessel  of  water ;  llic  straps  conliiie  the  pulp  at  the  eides  of  the  web,  and  ragn 
late  the  width  of  the  paper,  which  is  according  to  the  dislance  the  deckle*  ar 
aninder;  tt  tightening  rollers,  to  tighten  the  deckle  straps',  oa  laive  b«ni 
wheel,  driven  by  the  prime  mover,  and  driving  the  imaller  baiid  wheelto;  lb 
latter  carries  a  crank  (not  seen)  set  three-eighihs  of  an  inch  out  of  the  cenir 
of  the  axis  of  the  wheel,  but  which  ecceitricity  can  be  altered  at  pleasure  ;  m  . 
connecting  rod  attached  to  the  crank  and  to  the  frame  b,  causing  the  latter  t 
rise  and  fall  three-quarten  of  an  inch  at  each  revolution  of  the  wheel  tr  ;  jr  a: 
iron  stand,  and  supporting  the  spring  i,  upon  which  the  frame  i  ttrikea  at  eael 
descent  of  the  connecting  rod  i,  and  thus  aaaiats  the  crank.  1  a  pidp-ha 
attached  to  the  frame  b,  and  extending  the  whole  width  of  the  wire  web ;  to  th 
front  board  is  attached  a  piece  of  leather,  which  descends  on  to  the  wire  wel 
and  distributes  the  pulp  equally  over  tlic  neb;  2  a  thin  piece  of  board,  ic 
edeeways  upon  the  wire-ueb  between  the  deckles,  and  keeping  back  di 
btihbleB  of  sir  and  water  in  the  pulp  ;  3  a  Hxei!  pulp-box,  which  feedi  the  bo 
1,  and  regulates  the  quantity  therein;  4  a  pipe  leading  firim  the  cylinder  d  t 
the  air  pump.  Fig.  2,  a,  a  metal  roller  revolving  on  bearings,  which  can  fa 
raised  or  lowered  by  the  screw  b;  c  another  roller,  revolving  in  a  fixed  bearing 
this  roller  is  set  in  motion  by  the  toothed  wheel  d  on  its  axis,  which  ia  driren  b 
the  wheel  e,  the  latter  receiving  its  motion  from  (he  prime  mover,  //"an  ent 
less  web  of  felt,  passing  round  (he  small  rollers  ji^^,  and  between  the  roUerm 
and  c;  h  the  reel,  turned  by  a  pulley  k  on  its  axis;  the  latter  is  driven  by 
band  passing  over  it,  and  a  puUey  on  the  axis  of  e. 

The  operation  of  the  machine  is  as  fallows :  the  pulp  flows  from  the  box 
into  (he  box  4,  thence  is  distributed  by  the  leather  on  to  the  wire  web;  a 
arriving  at  tlie  n'linder  d  ihe  paper  receives  a  considerable  degree  of  prenn 
upon  its  extern^  surface  from  the  atmosphere,  owuig  to  the  air  being  ruisfic 
in  the  interior  of  the  cylinder  by  means  of  an  air  pump  attached  to  die  pip«4 
and  the  paper  is  thus  deprived  of  the  principal  part  of  iti  water.  Tbe  CM 
tinunuB  sheet  of  paper  then  paues  between  the  rollers  A  and  k.  and  thenct  e 
to  tbe  endless  web  of  felt,  when  the  remaining  water  it  contains  is  pressed  a 
by  the  rollers  a  and  c.  Fig.  2,  preparatory  to  its  being  coiled  upon  tbe  reel  i. 

Fig.  3,  a  section  of  the  cylmder  d.  iJ  is  the  exhausting  cylinder,  of  fani 
and  pierced  full  of  holes;  ee  end  pieces  bolted  to  d,  and  earthing  toollM 


wheels  upon  their  peripheries;  //a  hollow  fixed  centre,  upon  which  J  revol»e 
and  bent  into  ihe  form  of  a  crank  ;  g  a  trough  composed  of  an  iron  bottom  wili 
wooden  sides,  and  having  two  movable  end  pieces  A  k,  which  are  set  to  4i 
width  of  the  paper ;  the  whole  is  covered  with  leather ;  thia  trough  is  suppoKsd 
by  the  standards  tit  fixed  into  the  axis  ff,  and  is  pressed  by  spiral  tfrnp 
against  the  cylinder  >i;  (a  pipe  fitted  into  the  bottom  y,  the  outer  end  plunging 
in  water,     n  a  pipe  pierced  full  of  holes,  and  leading  to  the  air  pump. 

Mr.  John  Dickenson,  of  Nash  Mills,  Hertfordshire,  to  whom  al»>  the  pobb 
sUnd  indebted  for  several  improvements  in  the  paper  manufacture,  took  mil » 
liatent  m  I829fbr  "  e  new  improvement  in  the  method  of  nanufacturiac  pnc 
Inr  (nachinery,  and  also  anew  method  of  cuHing  paper  or  other  matcriSs  a» 
single  sheet,  or  pieces,  by  means  of  machinery."  I^wn  apenwal  of  the  sp«i- 
neation,  we  find  these  to  consist,  first,  in  causing  the  pspor  t«  be  prcned  betwtet 
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two  it^era,  tbe  upper  of  which  is  to  be  heated  by  steam  in  the  usual  way,  first 
with  one  side,  and  afterwards  with  the  other  upwards,  to  give  it  an  eaual  gloss 
on  both  tides ;  secondly,  to.  introduce,  during  the  manufacture,  into  tne  centre 
of  the  paper,  threads,  fine  net,  or  other  reticulated  material ;  and  thirdly,  to  cut 
it  into  a  sheet  of  appropriate  size,  by  a  more  convenient  and  expeditious  method 
than  those  now  in  use.  The  first  object  he  efiects  by  carrying  the  paper  upon 
felt,  round  a  series  of  rollers,  similar  to  those  employed  in  the  double  machines 
for  printing  both  sides  of  a  sheet  of  paper  at  one  time  ;  the  second,  by  placing 
orer  the  pulp  vessel  a  series  of  bobbins  with  thread,  or  a  roller  with  any  other 
material  to  be  introduced  into  the  paper.  These  threads  are  guided,  by  a 
grooved  roller,  into  the  pulp  close  to  the  first  or  feeding  roller,  which  takes  up 
the  pulp  to  form  the  paper,  and,  by  the  current  of  the  pulp  approaching  the 
feeding  roller,  the  threads  are  brought  into  contact  with  it.  The  third  improve- 
ment he  effects  by  affixing  to  the  bottom  of  a  tall,  oscillating  frame,  a  series  of 
circular  revolving  cutters ;  and  when  this  frame  is  made  to  oscillate,  and  the 
cutters  to  revolve,  they  traverse  along  the  edge  of  stationary  cutters,  on  which 
the  paper  to  be  cut  is  extended,  and  thus  the  advantages  of  a  clipping  action 
is  obtained. 

In  a  subsequent  patent  granted  to  the  last- mentioned  Mr.  John  Dickenson, 
in  October  1  ^0,  for  an  improvement  upon  his  previously  patented  machinery, 
his  object  is  to  make  thicker  paper  of  a  better  quality  than  could  be  produced 
by  the  existing  mechanism.  To  obtain  this  result,  he  employs  two  cylinders 
for  taking  up  the  pulp  from  separate  troughs  at  the  same  time,  from  each  of 
which  a  web  of  wet  paper  is  conveyed,  by  means  of  endless  felts,  to  a  pair  of 
n^ers,  where  they  are  united  by  pressure,  the  subsequent  manufacture  of  the 
paper  being  completed  in  the  usual  manner.  To  have  a  clear  idea  of  this 
arrangement,  it  is  only  necessary  to  consider,  that  a  duplicate  of  the  pulp 
cylinder  of  the  common  machines  is  introduced  in  any  convenient  situation, 
governed  by  the  localities  of  the  mill ;  and  that  it  is  actuated  by  the  same 
machinery  which  turns  the  fir^t  cylinder. 

In  the  month  following  the  grant  of  the  last- mentioned  patent,  another  was 
obtained  by  Mr.  John  Hall,  jun.,  of  Dartford,  for  "  a  machme  upon  a  new  and 
improved  construction  for  the  manufacture  of  paper,"  which  we  find,  by  a 
perosal  of  the  specification,  to  be  for  precisely  the  same  object  as  Mr.  John 
Dickenson's ;  but  the  process  adopted  by  Mr.  Hull  is  much  more  elegant  and 
scientific.  In  order  to  collect  to  the  surface  of  the  main  cylinder  of  the 
machine  a  quantity  of  pulp  sufficient  to  make  paper  of  any  required  thickness, 
Mr.  Hall  employs  an   hydraulic   pressure,   in   the   following  manner: — the 

rder  is  made  to  turn  in  a  vessel  supplied  with  pulp  on  the  one  side,  and 
water  on  tbe  other,  which  rises  considerably  on  its  exterior,  and  through 
the  axis,  which  is  made  hollow  for  the  purpose,  and  has  a  bent  pipe  extending 
from  it  to  the  lowest  part.  The  water  is  continually  pumped  from  the  interior 
of  the  cylinder ;  and  thus,  by  the  difference  in  the  altitude  of  the  water  inside 
sod  oatside,  an  hydraulic  pressure  will  be  obtained,  variable  at  pleasure,  and 
arailable  in  causing  a  greater  or  less  quantity  of  pulp  to  adhere  to  the  surface, 
which  is  covered  with  wire-gauze,  supported  by  strong  ribs,  to  admit  of  the 
passage  of  the  water  from  the  exterior  to  the  interior. 

The  next  invention  we  have  to  notice  is  by  Mr.  Wilks,  one  of  the  partners  of 
the  firm  of  Bryan,  Donkin,  &  Co.,  engineers  of  great  experience  and  celebrity 
in  diis  department  of  mechanism ;  they  having  been  almost  unceasingly  en- 
gaged in  tne  construction  of  the  Fourdrinier,  and  other  paper  maclunes,  from 
liiar  earliest  introduction  to  the  present  time :  any  improvement,  therefore, 
emanating  firom  that  house,  carries  with  it  a  recommendation  for  utility.  The 
improvement  contemplated  by  this  patentee  is  the  application  of  an  auditional 
roller  to  the  Fourdrinier  machines.  The  additional  roller  is  to  be  perforated, 
•ad  it  b  intended  to  facilitate  the  escape  of  the  water  from  the  pulp  web,  pre- 
rioosly  to  its  beiiie;  subjected  to  the  pressing  rollers.  Still  more  to  facilitate 
Ike  abstraction  of  the  water,  Mr.  Wilks  proposes  to  employ  the  pressure  of  the 
Mmospbere,  by  making  a  vacuum  within  that  part  of  the  perforated  roller  on 
which  the  paper  web  rcstJ).    The  method  of  niuking  these  rollers  is  described  to 
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consist  of  the  following  processes :  a  piece  of  sheet  copperi  hnfiSf  or  otl 
suitable  metal,  is  bent  and  soldered  in  the  form  of  a  tube,  wnose  length  is  eqi 
to  the  circumference  of  the  intended  roller,  and  whose  circumference  U  eqi 
to  the  length  of  the  intended  roller,  making  an  allowance  for  the  waste 
the  ends.  The  tube  is  then  to  be  drawn  on  trebletts,  in  the  osnal  mean 
and  afterwards  turned  truly  cylindrical  on  the  mandril,  on  which  it  was  dm 
A  scries  of  grooves,  eight  or  ten  in  number,  are  then  turned  half  through  I 
tube,  with  a  tool  the  sixteenth  of  an  inch  wide,  and  so  made  as  to  make  I 
bottoms  of  the  tubes  as  wide  as  their  tops.  The  tube  is  then  taken  tn 
the  mandrilj  cut  open,  and  bent  inside  out,  and  soldered  in  the  form  of  anod 
tube,  whose  length  shall  correspond  to  the  circumference  of  the  first,  thus  ec 
stituting  a  hollow  cylinder,  with  longitudinal  grooves  inside.  It  is  to  be  agi 
drawn,  and  turned  with  grooves  to  the  amount  of  twenty-four  in  the  ine 
these  will-  of  course  cross  the  other  at  right  ansles,  and,  beine  cut  half  through 
before,  the  entire  surface  will  be  composed  of  transverse  ridges  and  rectangu} 
perforations.^  When  it  is  desired  to  employ  the  exhausting  principle,  a  seco 
perforated  cylinder  is  introduced  within  the  first ;  the  inner  cylinder  most 
made  smooth  inside,  that  it  may  fit  air-tight  upon  a  sectoral  cavity,  extendi 
from  the  axes  to  the  circumference,  enclosing  about  an  eighth  part  there 
opposite  to  the  place  covered  by  the  web  of  paper,  as  it  passes  over  the  raQ 
The  air  is  pumped  from  this  cavity  through  the  axis,  which  is  made  hollow  1 
that  purpose  by  an  air-pump  of  the  usual  construction.  When  this  method 
abstracting  the  water  is  employed,  the  roller  must  be  put  in  motion  by  a  tn 
of  wheel-work,  so  arranged  tiiat  it  may  coincide  precisely  with  the  nrati 
through  the  machine-. 

1S30.  From  a  perusal  of  the  specifications  of  patents  granted  about  ti 
period,  it  would  appear,  that  the  attention  of  the  manufacturers  of  paper  m 
rather  directed  to  such  improvements  of  the  mechanism  as  were  calculated 
ameliorate  and  enhance  the  quality^  than  to  such  as  might  accelerate  the  prooe 
and  increase  the  quantity  ;  and  the  ingenuity  and  talent  thus  called  into  aeti 
by  rival  manufacturers  is  deserving  of  record,  were  they  of  less  psactical  ntilii 
We  shall  therefore  notice  three  of  their  inventions,  in  the  order  of  the  date 
their  patents.    The  first  is  Mr.  Richard  Ibotson's,  of  Stanwell,  Middlesex. 

Hitherto  much  difficulty  has  been  experienced  in  clearing  the  stufl^  or  pii 
of  which  paper  is  made,  of  the  small  knots  which  are  invariably  found  in  i^  a( 
which,  if  not  separated,  necessarily  deteriorate  the  quality  of  the  paper.  T 
sieves  or  strainers  which  have  been  generally  employed  for  sepasating  the  kno 
have  been  ei&er  so  wide  in  the  meuies  as  to  permit  the  smaller  knots  to  p 
through,  or  else  they  very  soon  get  clogged  up ;  for  it  is  evident  that  the  fiu 
of  which  even  the  finest  paper  is  made  are  considerably  longer  than  one  of  t 
meshes  in  the  sieve,  and  hence  they  will,  instead  of  passing  through,  be  d 
posited  across  the  meshes,  and  immeoiately  render  the  sieve  useless.  To  remet 
these  imperfections,  Mr.  Ibotson  manufactures  his  sieves  or  strainers  (whidi  \ 
applies  to  the  Fourdrinier  machines)  of  metallic  bars,  giving  the  preference 
gun-metal,  made  flat  on  the  upper  surface,  and  about  half  an  inch  wide,  or, 
all  events,  of  a  width  greater  tnan  the  length  of  any  of  the  fibres  in  the  pd 
The  bars  are  strengthened  by  a  projection  extending  along  the  middle  of  thi 
lower  sides,  so  that  the  cross  section  of  one  of  the  bars  may  be  represented  1 
the  letter  T.  These  bars  are  in  a  frame  at  a  distance  from  each  other,  ec 
responding  with  the  intended  quality  of  the  paper  for  which  the  sieve  u  to  ' 
used.  He  has  designed,  however,  a  very  ingenious  method  of  adjusting  i 
distances  between  the  bars,  so  as  to  make  the  same  sieve  answer  for  the  mm 
facture  of  paper  of  different  qualities  :  for  this  purpose  he  makes  all  the  bi 
to  taper  uniformly,  and  fixes  every  alternate  bar  with  its  narrow  end  towar 
the  same  side  of  the  sieve,  and  he  frames  the  other  bars  together,  but  does  a 
fix  them  to  the  sieve ;  they  are  introduced  between  the  fixed  bars,  with  th< 
narrow  ends  in  a  contrary  direction.  By  this  arrangement,  it  is  evident  thai  t! 
distances  between  may  be  diminished  or  increased  to  any  degree  of  nicety,  wi 
the  greatest  facility,  by  pushing  the  frame  of  loose  bars  forwards  or  backwan 
which  is  effected  by  means  of  adjusting  screws.    The  sieve  is  to  be  placed  In 
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trough  conveniently  situated  to  receive  the  pulp  from  the  hog,  or  machine  by 
which  the  rags  are  torn  to  pieces,  and  agitated  into  the  consistence  of  pulp. 
One  side  of  the  sieve,  which  is  made  in  the  form  of  a  rectangular  parallelogram, 
is  attached  by  hinges  to  the  trough,  and  the  other  is  connected  with  a  set  of 
cam-wheels,  by  which  it  is  elevated  and  depressed  with  great  rapidity ;  and 
when  the  sieve  gets  clogged  up  by  the  knots,  which  it  separates  from  the  pulp, 
its  surface  is  to  be  cleared  by  a  rake  or  brush,  made  of  hard  bristles.  'Hiis 
seems  to  be  a  highly  ingenious  invention ;  and,  in  the  hands  of  a  practical  man, 
as  it  is,  it  cannot  fail  to  become  useful  to  the  public. 

llie  next  patent,  dated  March  1831,  is  the  invention  of  Mr.  G.  W.  Turner, 
of  Bermondsey,  Surrey,  which  consists,  first,  in  the  construction  of  a  new  species 
of  sieves  for  separating  the  lumps  and  coarse  parts  of  the  pulp  from  the  finer 
portion,  that  the  latter  only  be  employed  in  the  fabrication  of  the  paper ;  and 
secondly,  in  a  peculiar  mode  of  applying  the  sieves,  so  as  to  supersede  the  use  of, 
and  form  an  improved  substitute  for  the  vat  and  the  hog,  Mr.  Turner  describes 
several  forms  of  sieves  in  his  specification,  slightly  varied,  but  partaking  of  the 
same  characteristic  features. ^  That  to  which  he  appears  to  give  a  preference  is 
of  a  circular  form,  and  consists  of  a  series  of  concentric  rings  of  thin  metal, 
previously  bent  into  a  right  angle,  but  placed  with  a  flat  side  upwards,  like  the 
letter  L  reversed,  thus,  F  F  P ;  they  are  arranged  in  concentric  circles,  leaving 
between  each  annular  crevices  about  the  fiftieth  of  an  inch  wide,  and  are 
&stened  by  screws,  or  solder,  to  radial  arms  underneath,  proceeding  from  a 
central  block  to  a  peripheral  band,  which  is  about  8  inches  deep,  and  3  feet  in 
diameter.  The  manner  in  which  the  sieves  are  used  we  wul  now  explain. 
Upon  the  top  of  a  square  vat  or  cistern  is  fixed  a  framed  standard,  supporting 
m  plummer  blocks,  at  its  upper  extremity,  the  axis  of  a  vibrating  beam ;  to 
each  end  of  this  beam  is  suspended,  by  a  rod  or  spindle,  one  of  the  sieves  just 
described,  the  bottoms  of  which  lie,  when  at  rest,  upon  the  surface  of  the  pulp 
in  the  vat  The  rods,  or  spindles,  are  jointed  to  the  beam,  to  allow  of  their 
movinff  vertically  by  its  vibration,  which  is  effected  by  a  rod  connected  to  a 
revolviBg  crank,  the  latter  imparting  sufficient  motion  to  the  sieves  to  cause 
their  bottoms  to  be  alternately  mled  out  of  the  pulp  an  inch  or  two,  and  then 
flanged  underneath  it  To  this  action  of  the  sieves  is  added  that  of  a  rotatory 
Botioa,  communicated  to  them  from  the  first  mover  by  means  of  pulleys  fixed 
on  their  rods  or  spindles,  which  pass  through  centre  holes  in  the  standard  frame, 
and  are  provided  with  swivel  joints  between  the  links  that  connect  them  to  the 
Warn,  and  thus  admits  of  a  rotative  as  well  as  a  vibratory  action,  at  the  same 
time^  which  tends  to  dislodge  any  gross  particles  that  may  stick  in  the  inter- 
■lieea  of  the  sieves,  and,  at  £e  same  time,  to  disturb  and  agitate  the  whole  con- 
tents of  the  vat  The  pulp,  thus  reduced  to  a  smooth  and  homogeneous  state, 
flows  over  a  wide  lip  in  the  vat,  directly  on  to  the  endless  web  or  mould,  and 
dbns  superaedes  the  necessity  of  the  '*  hog." 

In  1832  Mr.  John  Dickenson  took  out  a  patent  for  the  same  important 
alject,  that  of  obtaining  a  perfectly  uniform  and  smooth  pulp,  in  order  that  the 
paper  produced  therefrom  might  be  of  a  firm  and  even  texture ;  the  process  we 
piooeed  to  describe,  with  reference  to  the  figures  on  page  254.  a  a  a.  Fig,  1,  repre- 
sents a  section  of  a  vat  containing  the  pulp,  wnich  is  to  be  regulated  by  a 
waste ;  at  fr  is  a  false  bottom ;  c  c  is  a  rotatory  cylinder,  through  which  that 
portion  only  of  the  pulp  that  is  to  be  made  into  paper  passes ;  tnc  knots,  grit, 
Ab.  being  prevented  from  entering  by  the  wires  which  envelope  the  periphery  of 
dM  cylinder.  These  wires  are  arranged  spirally  by  a  contmuous  coil,  in  the 
mannrr  of  a  squirrel  cage,  but  so  close  together  as  to  leave  only  the  one  hun- 
dnd  Mid  fifteenth  part  of  an  inch  space  between  them.  The  wire  recommended 
for  this  purpose  is  to  be  drawn  of  the  figure  represented  in  Fig.  2,  the  narrow  under- 
neath side  d  beine  fixed  next  to  the  cylinder,  where  it  is  to  be  fastened  by  rivets  to 
tile  longitndinal  bars  e  «,  leaving  the  uniform  space  between  the  coils  as  before 
aentiooed,  which  may,  of  course,  be  easily  performed  by  a  gauge.  The  spaces 
tkro^^  which  the  pulp  must  pass  are,  therefore,  longitudinal  slits,  two  or 
tiiree  inches  long,  and  only  the  one  hundred  and  fifteenth  part  of  an  inch  wide. 
The  ends  of  the  cylinder  are  closed,  except  at  the  axes  of  rotation,  which  are 
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fo  mrd  of  large  tubea  through  these  tl  e  fine  pulp  rece'vctl  into  tlie  cvliudci 
lluvrs  ofT  to  the  mo  Id  o  wh  ch  tl  e  paper  u  formed  At  there  would  be  • 
continual  hab  I  ty  of  Ihe  fine  nterat  cca  of  the  cyl  nden  becommg  cli^grd, 
unless  90  e  means  we  e  adopted  to  prevent  t,  Mr  D  ckenaon  employi  what  it 
tcchn  call}  termed  b  float  (though  t  doei  not  posaesa  that  prec  se  diaractet)^ 
wh  cb    by  an  up-and-dowu  motion   agitaCei  the  1  qu  d    aaa,  by  changing  the 


DuUide  of  them.    Thia  float  ia  a  cloae  veaael  of  atrong  copper,  of  ne«r^ 
the  length  of  the  cylinder  (four  feet),  and  of  the  sectional  figure  leen  at//;  aa 

horizontal  bar  passes  throughout  the  lower  part  of  this  veaael,  and  alao  throogli 
the  tubular  axes  of  the  cylinder,  beyond  the  plummer  boxes,  in  which  the  latta- 
turn,  where  the  horizontal  bar  ia  fastened  to  a  vertical  bar  h  at  each  end,  llul 
are  connected  to  a  lever  i,  whose  fiilcnim  ia  at  J-.  At  /  ia  a  double  cam,  pot  ia 
motion  by  a  gear,  in  connexion  with  the  wheel  that  actuatai  the  WUUtj 
cylinder ;  every  revolution  of  the  cam  litis  the  lever  ■  twice  by  meina  of  at 
wipera  m  m,  and,  through  the  medium  of  h,  the  copper  float//  klso,  tbant  li 
inch  each  time;  and  the  "float"  being  somewhat  heavier  than  the  fluid  in 
which  it  ia  Immersed,  falls  immediately  afterwardi,  producing  the  n([iiiNd 
agitation.  A  second  improvement  under  thia  patent,  consista  in  iha  baW 
usually  employed  in  the  transverse  cutting  of  the  endless  sheet!  of  pwc; 
tliese  are  unually  two  straight -edged  blades,  one  of  which  being  fixed,  sJid  As 

E roper  length  of  paper  drawn  over  it,  the  other  descends  and  divides  the  ^Nd 
y  a  similar  action  to  that  of  shears.  In  lieu  of  the  upper  moving  kniT*  wilk 
a  straight-,edge,  Mr,  Dickenson  employs  one  of  an  angulnr  form,  rcprtacnied  it 
n,  Jfig,  3,  which  is  brought  into  contact  with  the  lower  fixed  one,  sbom  at*. 

A  patent  for  "certain  improvements  in  tising,  gliamg,  and  ieiuilMrM;  ibe  naW* 
rials  employed  in  the  manufacture  of  paper,  pasteboard,"  &c.,waa  taken  out  in  Ittf 
by  Messrs.  De  Soras  and  Wise ;  and  as  the  process  pnaseaaea  novelty,  and  ii> 
euccesafiil  operation  at  the  Intler  gentleman's  mill  at  Moidstoiie,  we  anDei  Iks 
following  particulars,  which  we  have  obtained  by  a  peruaal  of  the  speciflcsliaii--~ 
A  ley  is  prepared  with  quicklime,  the  subcarbonate  of  soda  (orpotaali),  and  «•!■■ 
in  a  vessel  of  white  wood,  until  the  alkaline  solution  aliall  be  of  ICA"  wpeeSt 
gravity,  water  being  considered  as  lOO".  With  thia  aolution  a  copper  i«  to  kt 
about  one-third  filled,  and  heal  applied,  either  by  naked  fire,  or  bv  steam;  krt 
ihe  latter  in,  nf  course,  preferable.  There  is  now  to  be  added  of  white  falewAtJ 
wax  an  equal  weight  to  that  of  (he  solulion,  and  the  whole  to  be  Mirred  untit 


_  _, .._  e  Tsgi  be  of  the  com-mbI  kind,  about  3  Ibi.  of  the  putj 

to  120  Ibi.  veiebt  of  ng  in  the  pulp  will  Buflice ;  if  of  middling  fine- 
tot  4  Iba. ;  tnd  if  the  tvr/  fineit  ra^,  about  5  Ibi.  of  the  poite.  Prc- 
Awerer,  to  tbe  mixture  being  madu  into  paper,  a  quantity^  of  olnm  in 
,  equal  in  weight  to  the  wax  employed,  ib  to  be  mixed  with  it.  The 
:  ia  notr  ready  to  be  made  into  paper,  either  by  hand  nr  by  maehinct,  in 
•1  manner.  Alter  the  Bbcet*  are  formed,  it  ia  advisable  to  i!ry  tllem  b» 
'  ■•  pouible  bj  free  exposure  to  the  air,  and  not  to  hang  more  tlian  two 
t  afaeeta  upon  one  another,  which  should  be  parted  before  preisiiig.  It 
«comniended,  that  the  felts  used  in  (he  subsequent  pressing  of  the  nen- 
^r,  be  wetted  in  a  weak  aolution  of  alum,  and  squeezed  out  by  the  press  ; 
tt  tbe  aheeta  of  paper  be  two  ur  three  times  ahematcly  pressed  and 
by  which  process  they  will  acquire  a  beautifully  firm  and  glossy  surface. 
iBntees  likewise  dire<:I,  that  the  couching  felts  he  not  washed  out  with 
it  with  tbe  ley,  whenever  required.  Although  the  weight  of  the  potatoe 
pren  in  the  dry  state,  there  is  no  occasion  to  dry  it  (wliich  ia  a  tedious 

S,  but  employ  it  in  ihe  moist  state,  in  which  it  deposits  itaclf  at  ths 
the  vessels.  Potatoe  flour,  in  drying,  loseH  30  per  cent  of  water ; 
vdgfat  of  water  should  be  deducted  in  calculutinc  the  weight  of  floui 
id.  At  several  kinds  uf  paper  require  only  small  quantities  of  sizing 
1^  those  points  muat  be  regulated  by  Ihe  knowledge  of  the  roacu- 

nanufscture  of  stout  and  beauliAiI  drawing-boards  has  occupied  the 
attention  of  Mr.Steart,  of  De  Montali  paper-mills,  Coomb  Down,  near 
ho  received  an  honorary  medal  from  the  Society  of  Arts,  Manufactures, 
amerce,  for  the  conununication  of  his  procesa,  which  we  have  abridged 
Vi)  from  the  TVoHocfioru  of  the  Hocitly. — The  extra  stout  drawing 
or  card  boards,  as  thej  are  usually  denominated,  are  always  made  br 
Mvml  sheets  of  paper  together  in  Uie  manner  of  a  common  pasteboard 
nratds  bringiag  ibem  to  a  smooth  face,  by  pressing  and  rolling.  The 
ii  a  dirty  operation,  and  the  occasion  of  many  defects,  some  of  which 
il  to  the  degree*  of  jwrfiMtion  and  nicety  required  in  a  good  drawing 
Another  great  defect  is,  that  tlie  far  greater  part  of  the  drawing  and 
^tum  now  in  use  in  this  country,  arc  of  a  hollow  or  spongy  texture ; 
M  nrnn  tbeir  being  made  of  an  indiscriminate  mixture  of  linen  and 
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consequently,  witliout  the  aid  of  chloride  of  lime,  or  any  bleaching  firoea 
whatever. 

The  process, — In  selecting  the  raw  materiids  for  the  manufacture  of  d 
lino-tablets,  great  care  is  taken  to  preserve  the  best  and  purest  white  linen  nf 
only,  rejecting  all  muslins,  calicoes,  and  every  other  article  made  of  cotta 
The  linen  rags  are  then  carefiilly  sorted,  overlooked  and  cleaned,  washed,  an 
beaten  into  pulp,  in  the  usual  manner  practbed  by  paper-makers  of  the  fir 
class.  The  pulp  being  ready,  and  diluted  in  the  vat  with  the  proper  proportio 
of  pure  water,  the  workman,  dippine  his  mould  first  into  the  vat,  takes  it  n 
filled  with  pulp  to  the  top  of  the  deckle,  and  holding  it  horixontally,  and  gcnd 
shaking  it,  causes  the  water  to  subside,  leaving  the  pulp  very  evenly  set  upon  tli 
face  of  the  mould ;  haviue  rested  it  for  a  moment  or  two  upon  the  bridee  of  tb 
vat,  the  compresser,  with  its  face  downwards,  is  now  carefiilly  laid  upon  Sie  ahec 
or  tablet,  and  both  together  placed  in  the  small  press  close  at  hand,  where  it  i 
submitted  to  a  very  gentle  pressure,  in  order  to  exclude  a  great  proportion  c 
the  water  remaining  in  the  sneet ;  it  is  then  withdrawn ;  the  compresser  and  th 
deckle  are  then  both  taken  ofiT,  and  another  workman  couches  it  by  very  doi 
terously  turning  the  mould  upside  down,  and  pressing  it  pretty  bard  with  bi 
hands  on  one  of  the  fine  felts  previously  laid  upon  a  very  level  pressing  planl 
by  which  means  the  tablet  is  left  on  the  felt  llie  mould  is  then  returned  t 
the  vat-man,  who  repeats  the  process  as  before :  the  coucher,  in  the  mean  tinH 
lays  another  felt  upon  the  sheet  or  tablet  just  couched,  whereon  4he  aecooi 
sheet  is  to  be  laid  in  the  same  manner,  and  so  on  until  all  the  felts  are  oocu 
pied ;  over  which  another  level  plank  is  placed,  and  the  whole  drawn  away  o 
a  small  rail-road  waggon  to  the  great  press,  where  it  undergoes  a  pretty  sever 
pressure. 

The  tablets  will  now  be  found  to  have  sufficient  adhesion  to  bear  handfini 
with  care,  and  are  separated  firom  the  felts,  and  placed  one  upon  another,  so  a 
to  form  the  packs ;  tnese  packs  are  to  be  submitted  again  to  the  action  of  tk 
press,  until  more  water  is  expelled ;  then  are  parted  sheet  by  sheet,  pressed  ao: 
parted  again ;  and  this  is  repeated  as  often  as  is  necessary,  taking  care  I 
increase  the  pressure  every  operation,  until  the  face  of  the  tablets  is  sufiScientl 
smooth ;  they  are  then  caremlly  dried,  sized,  picked,  sorted,  &c, ;  carried  i 
the  rolling  mill,  and  several  times  passed  between  the  polished  cylinders,  to  ghv 
them  the  last  finish. 

The  above  is  the  process  for  the  plain  or  white  tablets.     In  making  tl 
tinted  tablets,  the  following  additional  particulars  are  to  be  attended  to.  The  ni| 
are  cleansed,  washed,  and  beaten  into  half  stufi)  in  the  usual  way;  the 
being  drained  off,  the  pulp  is  put  into  a  vat  with  a  solution  in  water  of 
of  alumiue,  or  sulphate  of  iron,  as  a  mordant  or  ground  to  ^x  the  colour  ii 
to  be  made ;  the  whole  is  well  incorporated,  and  suffered  to  remain  for  half  a 
hour  or  more,  when  the  colouring  tincture,  previously  prepared,  is  added;  tfiff 
which,  the  whole  being  returned  to  the  engines,  is  beaten  into  fine  pulp,  aad 
then  wrought  into  fine  tablets.    The  dyeing  materials  chiefly  made  use  of  hf 
Mr.  Steart,  are,  mangrove  bark,  quercitron  bark,  best  blue  Aleppo  galls,  sulphite 
of  iron,  and  acetate  of  alumine.    A  due  combination  of  these  mateiiabfit- 
duce  a  great  variety  of  drabs,  greys,  sand-colours,  &c 

An  apparatus  and  process  for  sizing  paper  in  a  more  effectual  manner  ta 
it  had  previously  been  done,  was  recently  patented  by  Mr.  Towgood,  of  0Bt- 
ford,  in  conjunction  with  Mr.  L.  Smith,  of  Patemostcr-row,  London.  Hf 
invention  consists  in  the  application  of  pressure  along  with  the  size ;  wUeh  ■ 
effected  by  depositing  on  tne  surface  of  a  pair  of  pressure  rollers,  or  mi  cot  >f 
them,  if  the  paper  be  required  to  be  sized  only  on  one  side,  a  thin  uniform  flv 
of  size,  whicn  is  pressed  into  the  paper  as  it  passes  between  the  roUers.  Ai 
endless  felt  is  sometimes  made  to  pass  over  eacn  of  the  rollers,  and  in  that  om 
the  size  will  be  forced  through  the  felt  to  the  paper.  This  sizing  ^^FPf*^ 
may  be  applied  either  separately,  or  in  combination  with  a  paper  machine  • 
any  construction ;  but  the  form  and  arrangement  of  the  difilerent  applicati** 
wiU  necessarily  vary  with  the  form  of  the  machinery  to  which  it  is  apf^P* 
The  form  represented  in  the  following  diagram  will  be  sufficiently  ezplanaM^' 
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>  pnMUTc  rollen,  with  piece*  of  endlMt  felt*  ece,  ud  drfrf 
psMiiig  aroand  them,  being  ntp- 
poTted  and  guided  bj  ■  leriM  of 
fiiction  roQen  eat  uid  ///;  g  i* 
■  mall  trough  with  a  perforated 
bottom  fbr  aopplylng  the  mufaee  on 
the  nnfaee  «  the  premire  roller 
a;  and  A  ii  a  tiiii0aT  trough  for 
■i^Fplytng  lizD  to  the  ndler  i,  which 
tranafrn  il*  tupplj  to  the  other 
pteeanre  ndler  a ;  and  jj  are  two 
miaafa%  for  kee|^g  clean  the  tur- 
Eue*  of  the  prenure  rollen. 

The  cntdug  of  paper  into  eheeta 
vi  aay  required  dtmenaioiu  ai  ex- 
^i«tlj  and  eipe^tiouilj^  ai  ponible, 
19  an  object  ofgreat  importance  to  the 
nuni^cturer;  and  ai  the  machioe- 
made  paper  ii  of  considerable  greater  . 
-wvidth  than  u  reqau^,  it  becomei 

ncccaaanr  to  cot  it  lenethm'ie.  The  following  ia  thp  patented  method  adwted 
\»j  Mr.  Crompton,  of  Tamworth,  in  Lancashire,  and  Mr.  Tajlor,  of  Handen, 
in  Yorkifaire^  according  to  their  enrolled  specification,  dated  182B.  Fig.  1  ii  a 
mde  elevation  of  Ibe  machine;  I^.  2  a  plan  of  the  cutter*,  a  ii  the  ndler 
tapon  which  the  paper  (either  in  the  moist  state  in  which  it  la  delivered  &oaa 
tttt  felts  when  freahly  made,  or  when  dry,)  is  rolled ;  b  b  and  c  c  are  two  pahra 
of  drawing  rollen,  which  conduct  the  paper  firat  between  the  circular  cutlen 

Fig.  2. 


*',  sod  thence  on  to  the  roller  d,  where  it  is  wound  in  it* 
1  inittupon  which  the  upper  cutter  is  fixed,  is  driven  by  an; 
I    ^BKsti*  of  endless  bands  and  pulleys  it  imparts  motion  U 

■    nJlm  b  ind  c ;  the 

I   »t«U  M  the  other 


my  ptiine  mover;  and 

iparts  motion  to  the  upper  drawing 

10  lower,  by  meani  of  co|f- 


■I  rollers  turn  the  two  lower,  Dy  meani  oi  cop 
of  their  axes,  which  gear  into  each  other ;  111* 
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upper  cotter  has  in  like  manner  a  toothed  wheel  upon  its  axia,  which  ton 
another  toothed  wheel  upon  the  axis  of  the  lower;  none  of  these  toothc 
wheels  are  brought  into  view  in  the  drawing,  to  prevent  confusion.  By  tl 
revolutions  of  tliese  parts  of  the  apparatus,  the  paper,  represented  by  a  line  0j 
is  drawn  from  a  between  the  rollers  b,  is  severed  at  e,  and  thence  is  carrira  (i 
the  rollers  c  on  to  d^  by  means  of  an  endless  band  from  the  latter,  as  ahowi 
In  order  to  accommodate  this  movement  to  the  increasing  circumference  of  tli 
roller  d,  occasioned  by  the  paper  accumulating  upon  it,  the  band  pulley  on 
is  a  friction  roller,  which  is  set  so  as  to  allow  of  its  slipping  a  little  in  its  revi 
lutions.  It  should  also  be  noticed,  that  the  axis  of  the  lower  cutter  it  not  quil 
parallel  to  the  axis  of  the  upper  one,  by  which  means  the  edges  of  the  cutta 
facing  the  rollers  a  are  brought  into  contact,  whilst  the  other  edges  diveigi 
which  causes  the  paper  to  be  more  freely  delivered  from  the  cutters.  The  gm 
rapidity  of  this  process  of  cutting  is  evident 

Another  method  of  cutting  paper  of  great  merit  was  patented  by  Mr.  Edwar 
Newman  Fourdrinier,  paper  maicer,  of  Hanley,  in  Staffordshire.  It  oonnH 
of  a  series  of  receiving  rollers  placed  one  over  Uie  other.  The  several  weba  c 
paper  to  be  cut  pass  over  these,  are  then  brought  together,  and  passed  over  th 
collecting  roller  equally  distant  from  the  others ;  and  thence,  by  the  aid  of  ai 
endless  felt  or  blanket  which  passes  about  a  series  of  euide  rollers,  they  aat 
conveyed  under  the  main  cylinder  of  the  machine,  and  delivered  to  the  cutte 
at  the  opposite  side  to  which  they  entered.  The  cutter  consists  of  a  madiiiii 
which  acts  on  the  principle  of  shears ;  the  lower  blade  being  fixed,  and  the  uppe 
attached  to  an  arm  which  vibrates  upon  a  centre,  and  placed  to  meet  the  sta 
tionary  blade  at  an  appropriate  angle,  so  as  to  produce  the  best  clipping  actiflii 
When  a  sufficient  quantity  of  the  paper  has  passed  over  the  lower  blade  tt 
constitute  the  length  of  a  sheet,  the  upper  blade  begins  to  descend ;  but  prt 
viously  to  the  blades  coming  into  contact,  a  holder,  consisting  of  a  bar  extend 
ing  the  whole  width  of  the  paper  connected  with  the  same  vibrating  arm,  ii 
made  to  press  down  and  hold  the  paper  firm  on  the  lower  blade,  while  tb 
cutting  is  performed.  During  the  operation  of  cutting,  the  main  cylinder,  ai 
well  as  the  guide  rollers,  remain  stationary,  while  an  actuating  rod  returns  tc 
bring  another  length  of  paper.  This  vibrating  rod  gives  motion  to  a  teetor, 
whicn  has  on  its  upper  side  ratched  teeth,  that  are  acted  upon  by  the  rod  as  il 
moves  in  the  direction  from  right  to  left,  but  which  remain  stationary  wbili 
the  rod  moves  in  the  contrary  direction.  The  sizes  of  the  sheets  out  by  thii 
machine  are  regulated  bv  an  expanding  cAnk,  which  gives  motion  to  ths 
actuating  rod,  and  through  that  means  to  the  main  cylinder,  and  othiHr  parts  o^ 
the  apparatus. 

A  ffreat  many  materials  as  substitutes  for  rags  in  the  manufiictura  of  Mcs 
have  been  at  different  times  proposed ;  the  bark  of  the  willow,  beech,  hawtMnc 
and  lime,  the  stalks  of  the  nettle  and  thistle,  the  bine  of  hops,  indeed  almost  ever" 
vegetable  substance  capable  of  yielding  easily  an  abundance  of  strone  fibre,  bar* 
been  suggested,  and  excellent  paper  has  been  made  from  some  of  them;  lx= 
the  introduction  of  the  bleaching  process,  and  the  improvements  made  in  tta 
mechanism  for  forming  the  pulp,  having  enabled  the  coarsest  linen  and  eottaa 
fabrics  to  be  brought  into  use,  the  supply  of  rags  is  at  present  found  equal  ■ 
the  demand  for  paper,  immense  as  that  is.  The  rapidly  increasing  knowMIS 
of  the  people  in  most  parts  of  the  world  will  probably  create  an  increased  dcm 
for  books,  and  the  stock  of  rags  may  again  become  inadequate  to  supply 
paper  manufacturer,  who  must  again  have  recourse  to  other  materials :  wa 
pose  therefore  to  describe  three  patented  processes  for  this  purpose ;  naa 
one  for  making  it  o£Hraw,  another  for  the  employment  of  most,  and  a  thndC* 
the  use  of  toiia  wood* 

Mr.  Lambert's  process  for  making  paper  of  straw  is  as  follows: — Havi^ 
collected  a  quantity  of  straw,  all  the  joints  or  knots  are  to  be  cut  away,  i^ 
the  remainder  boiied  with  quicklime  in  water,  for  separating  the  fibro,  aS> 
extracting  the  mucilage  and  colouring  matters.  (Instead  of  quicklime  in  tl*; 
part  of  the  process,  caustic,  potash,  soda,  or  ammonia,  ma^  be  employed.)^ 
IS  then  to  be  washed  in  clear  water  to  get  rid  of  the  colouring  matter  and  lino 
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tnd  afterwards  subjected  to  the  action  of  an  hydro-sulphuret,  composed  of  one 
poand  of  qoicUime,  and  a  quarter  of  a  pound  of  sulphur  to  every  gallon  of 
water,  for  tne  more  effectual  remoying  of  tne  mucilaginous  and  silicious  matters. 
After  thisy  the  material  is  to  'undergo  several  successive  washings  ip  different 
waters,  to  eet  rid  of  the  alkaline  and  other  extraneous  matters,  which  may  be 
eoBvenientry  efiected  by  beating  in  the  ordinary  paper-mill.  When  no  smeU 
of  mlphar  is  lef^  the  water  is  to  be  squeezed  from  the  fibrous  material  by 
raechaDtcal  pressure,  and  then  to  be  bleached  by  chlorine,  by  exposure  on  a 
grasi^ot,  or  any  other  convenient  and  well-known  means :  it  is  thei»  to  be 
washed  agafai,  to  get  rid  of  the  bleaching  ingredients,  next  to  be  reduced  to 
pd^  by  the  common  apparatus  for  the  purpose  in  a  paper  mill,  and  then 
BMwlded  into  sheets.  The  subsequent  operations  are,  in  other  respects,  similar 
to  paper  made  from  the  usual  substances. 

Afosf  Paoer. — Mr.  Nesbit,  of  Upper  Thames-street,  had  a  patent  in  1823 
{Br  the  fabrication  of  a  coarse  kind  of  paper,  especially  applicable  to  the  sheath- 
ing of  ships,  in  the  manner  that  the  tarred  brown  paper  is  usually  applied.   The 
material  is  a  peculiariy  soft  kind  of  moss,  which  grows  abundantly  in  the  ditches 
and  low  grounds  oi  Holland.     In  that  country,  and  in  several  of  the  northern 
states  of  Germany,  paper  made  from  this  material  is  employed  as  a  covering  to 
the  bottoms  of  ships,  between  the  wood  and  copper  sheathing,  and  is  found  to 
1»  peeoliarly  serviceable  in  preventing  leaks ;  owing  to  its  absorbent  quality  it 
«wells  up,  making  a  close  and  firm  packing  under  the  copper.    The  manufac- 
ture of  p^per  from  this  substance  is  exceedingly  simple.    The  moss  is  first  to 
iMve  the  adhering  earth  washed  from  it,  then  to  be  chopped  in  short  pieces 
^about  half  an  inch  long)  in  a  similar  machine  to  a  tobacco  cutting-mill ;  after 
tdiis  It  is  to  be  soaked  for  several  hours  in  water,  then  formed  into  sheets  in  the 
^vdinary  way  between  moulds,  placing  each  sheet  between  woollen  cloths ;  in 
tins  state  they  are  to  be  subjected  to  mechanical  pressure,  afterwards  thoroughly 
eiried,  and  lastlv,  pressed  again  between  sheets  of  brown  paper,  (placed  after- 
surtely,)  when  the  manufactare  is  completed. 

Pamr  fnm  ITood— This  process  is  the  subject  of  a  patent  lately  spranted  in 
tfie  United  States.  The  shavings  of  wood  are  to  be  boiled  in  water,  witn  from  12 
%>  18  parts,  by  weight,  of  common  alkali,  which  reduces  the  wood  to  a  mass  of 
Cbres^  adapted  for  conversion  into  paper  by  the  ordinary  means.  One  hundred 
yoimds  of  wood,  the  patentees  stete,  will  make  from  five  to  seven  reams  of  paper. 
ieory  Paper  is  described  under  the  word  Ivoar.  Paper  hangings  being  made 
wif  ordmary  paper,  subsequently  stained  or  printed,  are  noticed  under  the  head 
SrAfxiifo. 

PAPIERrM  ACHE.  A  name  given  by  the  French  to  an  artificial  substance, 
applied  to  many  usefiil  and  elegant  purposes.  It  is  made  of  the  waste  cuttings 
«K  Pf^f;  boiled  in  water,  and  beaten  to  a  pulp  in  a  mortar.  It  is  afterwards 
aixea  with  sixe  to  give  tenacity  to  the  paste,  and  when  brought  to  the  proper 
consistency  it  is  pressed  in  moulds  of  an  infinite  variety  of  forms ;  and  thus 
made  into  tea-boards,  trays,  snuff-boxes,  &c.,  which  are  aiterwards  coated  with 
pigments,  varnished  and  ornamented. 

PARAGRANDINE.  A  new  invention,  the  object  of  which  is  to  avert  hail- 
^tevms,  acting  in  the  same  manner  as  the  electric  conductors  for  obviating 
dai^r  from  lightoing.  In  this  climate  the  hail  is  seldom  so  violent  as  to  occasion 
ttyrery  serious  losses;  but  in  many  parts  of  the  continent  it  is  dreaded  as  thci 
iMit  destructive  enemy  of  the  husbandman,  and  has  given  rise  to  tlie  establish- 
iMat  of  insurance  companies,  to  compensate  the  sufferers.  The  inventor  of  the 
line  is  a  Signer  Apostolla.     One  of  the  latest  accounts  of  its  beneficial 


^Mts  was  published  by  Antonio  Perotti,  who  stetes,  that  having,  on  a  piece  of^ 
Wbdongmg  to  himself  containing  16,0(K)  perches  in  extent,  fixed  up  several  of 
^  psragranoines,  he  had  the  satis&ction  to  find  that  no  injury  was  done  by  hail 
tetbecom,  and  very  little  to  the  vines,  although  no  less  than  fourteen  storms  had^ 
^^ci^Red  in  the  current  year,  five  of  which  appeared  to  threaten  great  mischief* 
to  his  fields,  but  pMsed  over  them,  and  fell  on  the  neighbouring  lands.    These 
2J[*uneate  are  composed  of  metellic  points  and  straw  ropesi  Dound  together 
^  hempea  or  flaxen  threads.    Dr.  Astolfi  rehitcs  that  in  a  hail-storm  the 
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clouds  were  seen  to  disperse  on  passing  over  lands  protected  by  paragranditiei 
A  notice  contiuned  in  an  official  report  to  the  Milan  ^oTemment  by  Uie  Gob 
falonieve  of  St  Pietro,  in  Casale,  also  states,  that  dunng  a  stormy  day,  whei 
there  were  many  claps  of  thunder  and  flashes  of  lightning,  he  went  out  ti 
observe  the  effects  of  the  paragrandine,  and  noticed  that  the  electric  fluid  wm 
attracted  by  the  points  of  straw  in  Uie  apparatus,  around  which  the  flaim 
played  in  graceful  curves ;  while  in  the  adjoining  field,  not  protected  by  tb 
paragrandme,  much  rain  fell,  and  the  lightning  did  condderable  mischid 
yfe  have  thought  it  proper  to  introduce  this  notice  of  a  foreign  invention,  a 
it  appears  to  be  capable  of  beneficial  application  in  Uiis  country  in  the  proiee 
tion  of  agricultural  produce  collected  in  stack-yards. 

PARALLEL  MOTION.  A  term  applied  by  practic^  machinisti  to  ai 
arrangement  of  parallel  bars,  by  which  the  alternating  rectilinear  motion  of  i 
piston  rod  is  made  to  work  harmoniously  with  the  alternating  curvilinear  motioi 
of  a  rocking  beam.  As  the  beam  of  all  engines  vibrates  upon  a  centre,  of  ooon 
it  performs  portions  of  a  circle  with  each  of  its  extremities;  and  as  the  rod  of  i 

Siston  is  required  to  move  up  and  down  in  a  straight  line,  it  cannot  be  imme 
iately  attached  to  the  end  of  the  beam ;  hence  the  necessity  of  the  intervemnj 
mechanism  called  the  parallel  motion.  There  are  many  methods  of  effectiii| 
this  motion  in  general  use ;  and  ingenuity  may  devise  many  more  of  equal  o 
superior  merit  In  single  engines  of  the  old  construction,  where  the  action  wa 
t^puU  at  both  ends  of  the  beam  (at  the  one  end  by  the  weight  of  the  pump  rod 
and,  at  the  other,  by  the  downstroke  of  the  piston),  a  cham  was  affixed  to  th 
upper  part  of  the  curved  ends  of  the  beam,  and  to  Che  pump  and  piston  rodi 
wnich  answered  the  purpose  very  well,  and  is  still  much  used  for  similar  pun 
poses ;  but  in  double  acting  engines,  where  the  piston  rod  putheM  upward,  a 
well  as  pulU  downward,  some  oUier  mode  of  action  is  required.  The  first  plai 
employed  by  Bolton  and  Watt  was  to  place  a  toothed  sector  on  the  end  of  th 
beam,  the  length  of  the  radius  being  equal  to  the  distance  between  the  axis  c 
the  beam,  and  a  vertical  line  passing  through  the  centre  of  ^e  piston  rod;  urn 
on  the  upper  part  of  the  piston  rod  was  placed  a  rack,  which  acted  upon  th 
sector,  ana  forming  a  tangent  to  it,  preserved  the  rectilinear  motion  of  tb 
piston  rod  throughout  the  stroke.  A  much  superior  method  of  eflfoctinff  tlii 
was  afterwards  devised,  to  which  the  name  of  parallel  motion  more  jusd^ 
belongs ;  it  consisted  of  an  arrangement  of  parallel  rods  moving  on  drcola 
axes,  the  principle  of  which  may  oe  thus  bnefly  explained: — If  a  bar  be  si 
confined  by  other  bars  that  the  motion  of  the  end  a,  in  a  right  line,  causes  dM 


v.— 


other  end  (  to  describe  a  certain  curve,  it  follows,  on  the  other  hand,  the  — 
of  l>  in  the  curve  will  cause  a  to  describe  a  right  line.  To  apply  this  to  the  oM* 
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Crake ;  a  ^  itt  position  at  the  middle  of  tbe  itro^e ;  and  a/  iu  lovreit  poiitioa ; 
c j uu]  b k  an  two  tide  rodi,  auipending  the  bar g h,  parallel  toabe;  gil  a 
light  line,  in  which  the  bar  g  movei  in  a  grooye ;  then,  when  tbe  end  of  tlie 
Ktnic  ii  at  4  tbe  end  oof  the  bar  jr  A  will  be  at  t;  and  ai  gh  is  parallel  to  a  if, 
die  Mber  end  A  of  the  bar  j  A  will  be  at  m;  and  when  e  arnvei  at  /  g  will  be 
iltind  A  at  n;  the  point  A,  therefore,  will  have  described  a  curve,  in  a  riglit 
W.paned  tfanHuh  the  poiattgkl;  if,  therefore,  the  groove  in  which  the  head 
^  tbe  {Htton  rod  moved  be  taken  awa;,  and  the  end  h  of  Uie  bar  jf  A  be 
jointed  to  a  ladiui  bar,  describing  a  circular  arc  pauing  through  the  points 
las,  then  the  end  g,  of  ah,  to  which  the  piilon  rod  is  attached,  will  move 
IbnnglithBpointsyA^u"!  the  whole  |)ath  of  the  piston  rod  vill  ditfer  very 
ildi  Irom  a  right  line.  The  amall  deviation  liom  a  right  line  ariiei  from  the 
dtnmituice,  that  the  curve  described  bv  the  end  A  is  not  exactly  a  circular  arc 
vSajmova  in  a  strictly  ruht  line.  To  find  the  length  and  centre  of  motion 
of  the  radius  bar  with  any  distance  in  the  compasses,  and  on  the  points  hmn, 
^|<cribe  ares  intsrvecting  each  other ;  and  through  the  points  oi  intersection 
on  lines  cutting  iao;  Uien  a  is  will  be  tbe  length  of  the  radiui  bar,  and  o  ita 


^1w  parallel  motion  in  general  nta  in  itearo-boats  is  represented  in  die  fore- 
^^l  dugram.  Hie  length  of  the  radiui  bar  and  the  centre  of  motion  may 
^■^  be  found,  as  in  tbe  former  case,  by  tupposiag  the  piston  rod  to  move  in 
J  >igbt  line,  and  finding  three  points,  through  which  a  point  in  the  side  rod 
x'*iiaei  at  pleasure)  would  pass  in  the  higheat,  lowest,  and  middle  position  of 
^VfiRon  r«d ;  then  a  circle,  which  passes  through  these  points,  will  give  the 
^l^ios  and  centre  sought ;  and  the  point  auumed  in  the  side  bar  wiU  be  the 
r^itlbr  ita  oonnexion  with  the  radius  bar.  a  be,  part  of  the  beam ;  eg  and 
^.^sde  rods ;  g  the  point  of  junction  of  the  piston  to  the  side  rod  g^;  and  m  a 
**>«  radio*  bar. 

(In  portable  engines  without  a  beam,  tbe  croa*  on  tbe  bead  of  tbe  piston  rod 
^M  MDally  OD  its  ends  friction  wheels  running  between  guides ;  but  we  prefer 
^i*  parallel  motion  introduced  in  Lloyd's  portable  engine,  described  hereafter, 
^  it  afibtda  a  convenient  method  of  working  the  air  pump  and  cold  water 
f^ip.  Tbe  t«inciple  of  the  puallel  motion  in  this  engine  will  be  understood 
nnftrence  to  the  following  diagram,  abe  represent  a  bar  corresponding  to 
Wit  the  beam  of  an  engine,  c  if  the  path  of  the  piston  rod,  and  b  i  the 
^■Abu  rod ;  now  the  radius  rod,  and  tbe  two  portions  of  the  beam  a  b,  and  b  c 
■ug  Rspeetively  equd,  if  a  more  in  a  right  Tine  towards  g,  e  will  move  in  the 
.  *)  ti,  and  if  a  be  connected  to  a  rocking  bar  a  t,  which,  &om  its  length,  or 
i    ■■■II  ugoUr  motion,  describe!  an  arc  ^  a,  differing  but  tittle  from  «  right 
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,  and  a  aide  bar  or  strap  b  h,  and  the  parallel  bar  h  t  beinff  addad,  Am 
re  of  6  A  will  be  the  point  of  suspension  for  the  rod  of  the  mr  pamp,  and 
rod  of  the  cold  water  pump  may  be  suspended  from  tha  parallel  oar  a  c. 


1. 


QC 


2. 


[ 


^ 
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PARALLELOGRAM  OF  FORCES.  A  term  used  to  denote  the  com-  -^ 
position  of  forces,  or  the  finding  of  a  single  force  that  shall  be  equivalent  to  ^3 
two  or  more  given  forces  when  acting  in  given  directions. 

PARALLEL  RULER.  An  instrument  for  drawing  lines  parallel  to  < 
other.  The  simplest  parallel  ruler  is  the  common  cylindrical  ruler  of 
countine-house,  represented  at  Fig.  1 ;  it  serves 
▼ery  well  for  common  purposes,  where  great 
exactness  is  not  required.  Fig.  2  is  the 
common  parallel  ruler,  consisting  of  two  flat 
rulers  connected  together  by  two  small  brass 
levers  jointed  at  their  extremities;  the  mode 
of  using  this  instrument  is  too  obvious  and  too 
well  known  to  need  explanation.  An  objection 
to  the  latter,  of  the  bar  moving  circularly 
sideways,  is  obviated  in  the  instrument  repre- 
sented at  Fkf.  3;  the  bars  in  these  being 
crossed  and  connected  at  the  point  of  inter- 
section by  a  joint,  and  two  of  the  ends  sliding 
in  grooves,  as  seen  at  6  6,  causes  the  rulers  to 
move  uniformly  straight,  or  at  right  angles 
with  their  length.  Jng,  4  exhibits  another 
arrangement  in  use,  whereby  a  similar  recti- 
linear motion  is  produced  by  two  pair  of  short 
bars,  connected  to  an  intermediate  slip  c, 
which,  when  the  ruler  is  closed*  up,  exactly 
fill  up  the  cavity  between  the  pieces  on  either 
side.  Fig.  5  represents  another  parallel  ruler 
of  great  convenience  and  utilitv.  It  is 
usuuly  made  of  black  ebony,  with  slips  of 

ivory  at  the  edges,  divided  into  inches  and  parts ;  a  hole  is  cut  through  the  rata 
at  e  e,  in  which  revolve  two  little  brass  wheels,  projecting  about  an  eighth  oT  ^ 
inch  from  the  under  surface,  and  upon  which  the  ruler  is  rolled,  steaduy  hM  ^ 
the  middle  bv  the  lefl  hand,  whilst  the  draughtsman  draws  the  lines  with  hisrigli^ 
The  brass  wheels  are  fixed  to  a  steel  spindle,  which  turns  in  brass  bearing  ^ 
its  extremities ;  between  each  bearine  and  brass  wheel  there  ia  a  little  vr^ 
cylinder,  divided  into  equal  parts,  which  revolves  with  the  latter,  and  shtfW' 
precisely  the  quantity  of  motion  in  the  ruler,  and  thus  enables  the  dirauffhlH0>' 
to  draw  his  lines  at  equal  or  any  desired  varying  distances  apart,    lie  if 
spindles  in  the  more  recently  constructed  rulers  are  cased  over  with  cbo0 
which  renders  them  more  convenient  as  well  as  more  durable. 

PARBUCKLE.     A  term  given  to  a  contrivance  whereby  a  caak,  to 


J 
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raued  or  lowered  without  a  crane  or  puUey  tackle ;  it  is  formed  by  paMing  the 
middle  of  a  rope  round  a  post  or  rin?,  or  under  a  boat's  tliwart ;  the  two  parts 
of  the  rope  are  then  passed  under  tne  two  quarters  of  the  cask,  bringing  the 
two  ends  back  again  over  it,  which,  being  both  hauled  or  slackened  together, 
either  raise  or  lower  the  barrel,  &c.,  as  may  be  required. 

PARCHMENT.     A  durable  material,  prepared  from  the  skins  of  sheep  and 
£r()at8,  but  chiefly  the  former,  and  employed  for  writing  upon,  the  covers  of 
tMoki,  and  various  other  purposes.    The  skin  is  stripped  of  its  wool,  and  passed 
tlinmgh  the  lime-pit.    The  skinner  then  stretches  it  on  a  frame,  perforated  Ion* 
gimdinally  with  holes  furnished  with  wooden  pins,  that  may  be  turned  at  plear 
sure,  like  those  of  a  violin,  to  stretch  the  skin  like  a  drum-head.  The  skin  being 
thus  sufficiently  stretched  on  the  frame,  the  flesh  is  pared  off*  with  a  sharp  instru- 
ment; it  is  then  moistened  with  a  rag,  and  white  chalk,  reduced  to  a  fuie  dust, 
KtTlewed  over  it ;  then,  with  a  laree  pumice-stone,  the  workman  rubs  over  the 
skin,  and  thus  scours  off"  the  remains  of  the  flesh.     They  then  go  over  it  again 
'^vith  an  iron  instrument,  moisten  it  as  before,  and  rub  underneath  with  pumice- 
^one,  without  any  chalk ;  this  smooths  and  softens  the  flesh  side  very  con- 
^derably.     They  drain  it  again  by  passing  over  it  the  iron  instrument  as 
^fore.    The  flesh  side  thus  drained,  they  pass  the  iron  on  the  hair  side,  then 
stretch  it  tig^t  on  the  firame  by  means  of  the  pins,  and  go  over  the  flesh  side 
^^eain  with  the  iron ;  this  finishes  its  draining :  the  more  the  skin  is  drained  the 
^nhiter  it  becomes.    They  now  throw  on  more  chalk,  sweeping  it  over  with  a 
piece  of  lamb-skin  that  has  the  wool  on ;  this  smooths  it  further.    When  dried 
It  ii  taken  ofi*  the  frame  by  cutting  all  round.    The  skin  thus  fax  prepared  by 
^e  ikinner,  is  taken  by  the  parchment-maker,  who  first  scrapes  or  pares  it  dry 
^^^  the  summer  (which  is  a  calf-skin  stretched  in  a  frame)  with  an  iron  instru- 
'^ent  like  that  above  mentioned,  only  finer  and  sharper ;  with  this,  worked  with 
^^e  arm  from  the  top  to  the  bottom  of  the  skin,  he  takes  away  one-half  of  its 
^Hickness ;  and  the  skin  thus  equally  pared  on  both  sides,  is  rubbed  with  the 
Pumice-stone  to  smooth  it.    This  last  preparation  is  performed  on  a  bench, 
^'orered  with  a  sack  stuffed  with  flocas,  and  it  leaves  the  parchment  fit  for 
^^dng  upon.    Vellum  made  from  the  skin  of  sucking-calves  possesses  a  finer 
^^-ain  than  parchment,  but  prepared  in  the  same  manner  without  being  passed 
^Hioueh  alum  water. 

PARTING,  in  Metallurgjr,  is  an  operation  by  which  gold  and  silver  are  sepa- 
5^ted  firom  each  other.  In  this  sense  it  is  the  same  with  refining  metals,  or  obtain- 
ing them  in  a  pure  state.     Gold  and  silver  are  culled  perfect  metsJs,  because 
^Hey  are  capable  of  withstanding  the  action  of  very  strong  heat  All  other  metals 
^^e  reduceo  to  the  state  of  oxides  when  subject  to  fire  with  access  of  air.    Gold 
^■id  silver  may,  therefore,  be  purified  from  baser  metals  by  keeping  them  melted 
^ill  the  alloy  be  destrcnred ;  but  this  process  is  tedious  and  expensive,  from  the 
^tieat  consumption  of  fueL    A  shorter  and  more  advantageous  method  of 
5^fining  gold  and  silver  has  been  discovered.     A  certain  quantity  of  lead  is  put 
^>ato  the  crucible  with  the  alloy  of  gold  and  silver,  the  whole  is  exposed  to  the 
^^ction  of  the  fire ;  and  the  lead  being  quickly  converted  by  heat  into  an  oxide, 
^laeh  is  easily  melted  into  a  semi-vitrified  and  powerful  vitrifying  matter,  called 
Hthaige,  we  have  only  to  increase  the  proportion  of  imperfect  metals ;  and,  by 
diluting  with  these  imperfect  metals,  it  communicates  to  tliem  its  property  of 
^ttng  yeiy  easOy  oxidated.     By  its  vitrifying  and  fusing  property,  exercised 
^Idi  fbree  upon  the  calcined  and  naturally  refractory  parts  of  tne  other  metals, 
H  seedcntea  the  f^on,  scorificadon,  and  separation  of  these  metals.    In  this 
^enlioa  the  lead  is  scorified,  and  scorifies  alon^  with  it  the  imperfect  metals. 
H  sntiatas  from  the  metallic  mass,  floats  upon  the  surface  of  the  melted  mass, 
tadbseomcs  yitrified;  but  as  ^e  litharge  would  soon  cover  the  melted  naetal, 
ttd,  W  pKeventnig  the  access  of  air,  prevent  the  oxidation  of  the  remaining 
^^tdeet  metals^  such  vessels  are  employed  as  are  capable  of  imbibing  and 
i^Mriiing  in  dieir  pores  the  melted  litharge,  and  thus  removing  it  out  of  the 
^t  or,  for  laige  qnantitifi,  vessels  are  so  constructed  that  the  fUsed  litharee, 
^(■Jei  bemg  soaked  in,  may  also  drain  off  through  a  channel  made  in  the 
'v^of  the  yetsel.  Veaselt  made  of  lixiviated  wood,  or  bone  ashes,  are  most 
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proper  for  thig  purpose.  These  vessels  are  called  cttpekf  the  prooeM  itwlf « 
lotion.  The  cupels  are  flat  and  shallow.  The  furnace  should  be  raulted 
the  heat  may  be  reverberated  upon  the  surfiice  of  the  metal  during  the  of 
tion.  A  crust  or  dark-coloured  pellicle  is  continually  forming  upon  the  mr 
When  all  the  imperfect  metal  is  destroyed,  and  the  scorification  has  ceased, 
surface  of  the  perfect  metal  is  seen  clean  and  brilliant,  forming  a  kind  of 
geration  called  lightning.  By  this  mark  the  metal  is  known  to  be  refined. 
PASTE.  Glass  prepared  in  imitation  of  eems.  The  basis  of  all  aitii 
gems  is  a  very  hard  and  pure  silica,  obtained  by  melting  pounded  quarts 
an  alkali,  with  the  addition  of  borax,  nitre,  and  d^erent  metallic  oxides,  aoc 
ing  to  the  intended  colour  of  the  gem.  The  materials  should  be  of  the  pi 
kind,  finely  pulverized,  well  sifted,  melted  in  crucibles  of  the  best  quality^ 
the  fusion  should  be  continued  in  a  potter's  furnace  for  twenty-four  hours ; 
more  tranquil  and  continued  it  is,  the  denser  the  paste,  and  the  greatei 
beauty.  Tne  following  are  the  ingredients,  with  their  proportions,  employe 
the  formation  of  some  of  the  artificial  gems.  For  what  is  called  simply  | 
or  strass,  there  are  four  different  mixtures. 

PASTES.  1.  2.  3.  4. 

Rock  crystal    ....  *318  *3170         '300 

Minium -490  -4855         -565 

Pure  potash '170  -1770        -105        •054 

Borax 021  -0200         -030 

Oxide  of  arsenic  .    .     .  *001  .0005 

Litharge '540 

Ceruse *406 

1000       1-0000       1-000       1-000 


For  tcpaz,  there  are  the  two  following  methods : — 

FIRST. 

Strass,  (white  paste) -95816 

Glass  of  antimony -04089 

Purple  of  cassius -00095 

Oxide  of  iron 

100000 

For  ruby  strass. -9755 

Oxide  of  manganese     .    .    •    .      *0245 

10000 


SBcoim. 
•990 


-10 


1-000 


For  emerald, — 

Strass,  (white  paste) -98743  *9905 

Green  oxide  of  copper  .     .    .     .     •01200 

Acetate  of  copper •OOSO 

Oxide  of  chromium '00057 

Peroxide  of  iron •0016 

1-00000  1-0000 


For  sapphire, — 

Very  white  strass -9855 

Oxide  of  cobalt -0145 

1-0000 
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mik&m,  FIRST.  SECOND.  ' 

&nm -9870  .9979 

Oxide  of  manganese     ....  *0078  -0022 

Onde  of  cobalt 0050  0001 

Ftarple  of  Canius -0002          

10000  1-0000 

rjfi,  or  aquamttrme, 

Strass *90C6 

Glass  of  antimony *0070 

Oxide  of  cobalt OOOt 

1-0000 

fitmgamei, 

Strass '6630 

Glass  of  antimony -3320 

Purple  of  Cassius '0025 

Oxide  of  manganese    ....  -0025 

10000 


E.    A  macilaginous  preparation  of  wheaten  flour,  incorporated  with 
boiling.     Sometimes  powdered  resin  is  mixed  with  it;  also  gum  arable, 
,  according  to  the  peculiar  wants  of  the  artist  or  manufacturer.    Alum 
msidered  to  increase  its  cementing  property. 

EBOARD.  A  thick  kind  of  paper,  made  by  pasting  several  sheets 
which  are  afterwards  pressed  or  rolled,  to  give  the  fabric  firmness  and 
of  surface. 

IL.    A  dry  composition  of  odoriferous  resinous  matters,  commonly 
1  to  bum  in  chambers,  to  sweeten  the  air. 

INT,  or  Letters  Patent^  is  a  writ  or  grant  in  the  king's  name,  and  under 
:  seal,  designed  to  secure  to  the  proprietor  of  any  new  invention  the 
f  of  its  advantages  for  the  term  of  fourteen  years ;  but  this  term  is  some* 
ended,  under  extraordinary  circumstances,  by  act  of  Parliament,  to  a 
riod.  The  term  patent  is  also  applied  to  the  right  conveyed,  as  well  as  to 
uneot  conveying  it.  Monopolies,  unless  granted  for  a  limited  period,  and 
riew  to  the  ultimate  benefit  of  the  public.  During  the  reign  or  Elizabeth, 
merited  monopolies  had  been  granted,  which  had  so  prejudicial  an  effect 
commerce  of  the  country,  that,  towards  the  end  of  that  monarch's  reign, 
mr  was  so  loud  and  general  as  to  induce  her  to  send  a  message  to  Par- 
innouncing  her  intention  to  immediately  cancel  the  most  oppressive  of 
live  privileges  she  had  granted.  But  however  just  may  be  the  feelings 
tkm  to  monopolies  in  general,  it  will  be  readily  allowed,  that  a  patent  for 
rcntion,  for  a  few  years,  is  only  a  just  and  reasonable  compensation  to 
itor,  who  is  thus  enabled  to  mature  his  discovery,  and  eive  it  to  the 
t  the  termination  of  his  monopoly,  in  a  perfect  or  hi^ly  improved 
.nd  were  it  not  for  the  exclusive  privilege  thus  granted,  many  impor- 
DtioDS,  that  ultimately  prove  beneficial  to  the  public,  would  never  be 
in,  but  entirely  fau  ;  as  that  powerful  incentive  would  have  no 
,  which  induces  ingenious  men  to  study  and  labour  incessantly,  and  to 
im  sums  of  money  to  bring  their  inventions  into  practical  operation. 
im  <^the  present  law  of  patents  is  derived  from  the  21st  of  James  I., 
idi  is  regarded  as  the  declaration  statute ;  and  the  sixth  section  of  this 
ato^  that  patents  for  new  inventions  are  exceptions  to  the  general  law 
late.  The  general  law  is,  that  all  monopohes,  and  all  commissions, 
Beotes,  letters  patent,  &c.  for  the  sole  buymg,  selling,  making,  using, 

L thing,  shall  be  void ;  the  excepting  clause  declares,  that  "any  decla- 
re mentioned  shall  not  extena  to  any  letters  patent,  and  grants  of 
,  for  the  term  of  fourteen  years  or  under,  hereafter  to  be  m>ide,  of 
voriung  and  making  of  any  manner  of  new  manufacture  withiu  l\u» 
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was  defeated.  It  was  at  the  same  time  respectfully  intimated  to  the  Sondtor 
General,  that  if  any  additional  information  in  the  title  were  insisted  upon,  the 
patent  would  be  declined  altogether,  and  the  intended  manufacture  be  remoyed 
to  France,  where  seciuity  against  piracy  would  be  afforded  at  the  instant  of 
lodging  a  petition.  The  case  mentioned  is,  however,  an  extreme  one,  and  of 
rare  occurrence ;  in  most  cases  there  is  no  difficulty  whatever,  though  prudence 
dictates,  that  so  important  a  step  as  the  proper  definition  of  an  invention,  on 
which  the  patentrright  is  founded,  should  be  well  considered. 

The  next  sten  is  to  draw  up  a  petition  to  the  kin^,  which  contains  a  reitera- 
tion of  the  affidavit,  and  prays  for  the  grant  of  the  patent  **  for  the  term  of 
fimrteen  years,  according  to  the  statute  in  that  case  made  and  provided."  Here 
it  becomes  necessary  to  explain  that  patents  for  England,  Ireland,  and  Scotland, 
are  entirely  separate  and  distinct  from  each  other ;  and  that  when  it  is  required 
to  extend  the  grant  to  the  British  possessions  abroad,  the  latter  are  included 
inider  the  patent  for  England,  at  the  additional  cost  of  about  five  pounds.  Sup- 
posing the  application  be  for  England  alone,  the  prayer  of  the  petition  is 
exprnsed  for  «  England,  Wales,  and  the  town  of  Berwick-upon-Tweed ;"  and 
should  the  Colonies  be  desired  (which  is  rarely  advisable),  it  is  only  necessary 
to  add  to  the  words  just  quoted,  '*  and  aU  your  Majesty's  Colonies  and  Planta- 
tions abroad."    The  petiUon,  with  the  affidavit,  is  lodged  at  the  office  of  the 
SecreUrj  of  State  for  the  home  department,  for  the  king's  pleasure,  who  directs, 
or  rather  is  presumed  to  direct,  tne  Secretary  of  State  to  refer  the  matter  to 
the  Attorney  or  Solicitor  General  for  his  advice  thereon  ;  the  petition  is,  accord- 
ingly* endorsed  with  such  reference,  and  signed  by  the  Secretary  of  State, 
and,  upon  the  payment  of  the  fees,  delivered  to  the  applicant,  who  uses  his 
discretion  as  to  whether  he  had  best  take  it  to  the  Attorney  or  Solicitor  General, 
lidng  guided  in  his  decision  by  the  probability  as  to  which  of  the  two  will 
«zecate  the  business  with  the  least  delav,  and  in  the  manner  most  satisfactory 
to  the  applicant    Upon  receipt  of  the  king's  reference  at  either  of  the  before- 
xnentionMl  legal  functionaries,  the  derk  examines  the  caveat  book,  to  ascertain 
whether  there  be  any  existing  caveats  against  the  granting  of  a  patent  for  a 
similar  object  to  that  expressed  in  the  applicant's  petition.     If  there  be  none, 
the  derk  takes  the  earliest  opportunity  of  drawing  out  the  reporf  in  the  usual 
Icnnn,  to  be  ready  for  the  examination  and  signature  of  his  principal.     The 
Report  thus  completed,  is,  upon  payment  of  the  fees,  delivered  to  the  appli- 
cant, who  transmits  it  to  the  king,  through  the  medium  of  the  Secretary  of 
Slate's  office.    Before  attending  to  what  is  done  with  it  there,  it  is  proper  to 
aodce  the  proceedings  that  would  be  taken  in  the  case  of  there  bemg  inter- 
tgnng  caveats ; — and  we  may  observe,   by  the  way,  that  there  are  always 
munexous  caveats  against  such  inventions  being  patented  as  that  expressed  in 
the  example  of  the  affidavit  we  have  furnished.   Under  these  circumstances,  the 
Attorney  General's  derk  (whose  office,  we  will  suppose,  we  have  entered  by 
preference,)  writes  a  drcular  letter  to  each  of  the  caveatees,  informing  them  of 
the  application,  and  adding  this  injunction, — "  Should  you  consider  the  above 
to  interfere  wiUi  your  caveat  of  [mentioning  the  date],  an  answer,  post-paid,  is 
tv^iested  within  seven  days  of  the  date  hereof,  otherwise  the  patent  will  pro- 
ceed*"   When  the  seven  days  have  expired,  and  none  have  thought  proper  to 
answer,  the  applicant  is  entitled  to  his  report;   but  should  any  answer,  or 
^  enpoes^"  as  it  is  called,  such  opposer  must  aeposit  with  the  Attorney  General's 
^dcnc  a  man  equivalent  to  the  expense  of  the  hearing  and  the  summonses 
fgeneially  under  ftve  pounds).    The  Attorney  General  afterwards  appoints  a 
£j  when  he  will  hear  the  rival  inventors,  or  their  agents,  (and  to  these  are 
aometimes  added  counsel,  who  are,  however,  generally  only  an  incumbrance  in 
luee  points  relating  topractical  mechanics,)  and  each  of  these  is  summoned  for 
ihe  appointed  day.    When  met  together,  the  Attorney  General  first  calls  in  the 
applicant,  or  his  aj;ent,  who  explains  to  him  alone,  and  confidentially,  the 
aatare  of  his  invention,  and  the  leading  points  upon  which  he  rests  his  claim 
of  or%inality.    The  caveatee,  or  caveatees,  are  next  heard  in  privacy ;  and  if 
the  Attorney  General  cannot  make  up  his  mind  upon  the  first  hearing,  the  rival 
ties  are  called  in  again  alternately,  and  reexamined  until  he  is  satisfied.    If 
finds  the  inventions  to  be  essentioUv  alike,  he  refuses  the  patent  to  either 
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individually,  but  offers  tlicm  a  joint  patent,  if  they  will  unite  their  interests  ii 
this  recommendation,  though  rarely,  has  been  sometimes  adopted,  and  atti 
with  advantageous  results.  In  the  case  of  the  inventions  being  essentially  diff 
the  opponent  is  told  so,  and  the  applicant  receives  his  report.  A  few 
after  tliis  report  has  been  delivered  to  the  Secretary  of  State,  a  royal  wann 
prepared,  which  is  signed  by  the  king.  This  warrant,  which  recites  the  p 
of  the  petition,  the  legal  advice  given  to  His  Majesty,  and  other  matters  of 
concluding  with  directions  to  the  Attorney  General  to  prepare  a  bill  foi 
Majesty's  signature,  is  taken  to  the  Bill-ofnce  (an  office  exclusively  appropi 
to  tlie  engrossing  of  pafent  bills,  under  the  superintendence  of  the  Aw 
General,)  where  it  is  prepared  in  the  course  of  a  few  days,  or  a  week,  and 
delivered  to  the  applicant,  who  takes  it  to  the  Secretary  of  State,  to  obtai 
king's  signature  to  it.  The  king  having  signed  it,  it  is  called  the  ^  K 
bill,"  and  is  next  taken  to  the  Signet- office,  which,  having  passed,  it  is  del 
natcd  the  "  Signet-bill."  Hence  it  is  conducted  into  the  Frivy  Seal-office,  n 
having  received  the  privy  seal,  it  is  baptized  the  **  Privy  Seal-bill,"  and  is 
ducted  to  the  Great  Seal-office  to  receive  the  great  seal,  or  finishing  si 
Fonnerly  it  had  a  more  tortuous  course  of  manufacture,  having  to  go  thi 
a  process  at  the  Hanaper-office ;  but  although  this  one  of  the  many  abeur 
has  been  got  rid  of,  the  hanaper  fees  are  still  extorted,  bein?  made  payal 
the  Great  Seal-office  before  the  patent  can  be  obtained.  We  snould  here  n 
that  caveats  are  sometimes  entered  at  the  Great  Seal-office;  but  opposition 
by  virtue  of  them,  to  the  sealing  of  a  patent,  is  made  so  expensive  t 
caveatee  as  to  be  now  but  rarely  acted  upon. 

In  the  letters  patent  which  are  granted  for  new  inventions,  the  improrei 
or  inventions  are  first  stated ;  the  prayer  of  the  petitioner  to  have  the  ezd 
benefit  for  himself,  or  his  assigns,  for  fourteen  years,  is  next  given,  and 
prayer  is  declared  to  be  complied  with,  according  to  the  statute.  After 
manding  all  subjects  not  to  interfere  with  the  patent  right,  and  issuine  a 
date  to  all  officers  not  to  molest  the  patentee  in  the  exercise  of  it,  the  Ii 
patent  declare  the  patent  void  if  it  appear  that  the  grant  is  contrary  to  la 
prejudicial  to  the  subject ;  or  if  the  thing  invented  have  been  in  use  befbr 
date  of  the  grant,  or  if  the  patentee  be  not  the  inventor,  or  if  it  interfere 
prior  letters  patent,  or  if  the  patent  be  transferred  to  more  than  twelve  pe 
(lately  increased  from  five  to  twelve),  or  to  any  who  act  as  a  coiporate  fa 
or,  finally,  if  the  nature  of  the  invention  be  not  described,  or  the  descriptii 
specification  be  not  enrolled  within  two  calendar  months  after  the  date  o 
letters  patent  The  letters  patent  conclude  with  a  declaration,  that  they  shi 
construed  in  the  most  beneficial  sense  for  the  patentee. 

It  will  be  observed,  that  the  period  allowed  for  the  enrolment  of  the  ip 
cation,  is  but  two  months  for  an  English  patent  only ;  but  if  the  jpati 
declares  in  his  affidavit  that  it  his  intention  to  solicit  patents  for  ScoUand 
Ireland  also,  then  he  is  allowed  six  montlis  to  prepare  nis  specification;  i 
he  declares  for  only  one  of  these  countries  in  addition  to  England,  fom'  nc 
are  allowed.  Tliese  periods  are,  however,  sometimes  extended  upon  a  ^ 
affidavit,  and  a  petition  to  the  Attorney  General,  setting  forth  the  neeeM 
the  extension.  As  an  instance,  we  had  occasion  to  solicit  a  patent  for  a  gende 
who  discovered  that  the  kernel  of  the  palm-nuts,  previously  thrown  awi 
valueless,  contained  more  valuable  oleaginous  matter  than  the  outer  rind, 
which  the  oil  was  usually  extracted ;  and  although  the  process  for  obtainta| 
oil  could  be  specified  by  the  operations  that  had  been  made  upon  a  small  c 
tity,  still  it  was  of  importance  that  the  public  should  be  informed,  throogl 
medium  of  the  specification,  of  the  best  mode  of  procedure  on  the  lai^  i 
to  determine  which,  it  was  necessary  to  procure  a  supply  from  South  Ame 
on  this  plea,  we  procured  itt^elve  months  to  specif^.  However  long  a  peii 
patentee  may  have  to  specify,  he  rarely  finds  it  too  much ;  very  tnqiH 
indeed,  he  is  unprepared  to  supply  all  the  details  in  a  satisfactoiy  mamv 
himself  when  he  is  reouired  to  complete  his  specification.  For  these  tm 
we  always  recommena  our  clients  to  express  in  their  affidavits  tliatitis 
intention  to  take  out  patents  for  the  three  kingdoms,  if  they  have  the  rem 
Mateation  of  so  doing,  as  they  thereby  obtain  six  months  to  specify,  wUdi 
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posittTe  advantage.  The  expression  of  an  intention  is  not  considered  as  obU- 
gatory  to  do  otherwise  than  just  as  the  interest  of  the  party  may  afterwards 
dictate ;  and  when  a  patentee  declines  taking  advantage  of  the  longer  term  to 
specify,  he  exposes  himself  to  the  liability  of  being  robbed  of  his  invention  by  a 
rival;  thus, — suppose  A  to  have  obtained  in  June  a  patent  for  improvements  in  the 
steam  engine,  and  to  have  six  months  to  specify,  b  invents  other  improvements 
in  the  steam  eng^ine,  which  he  patents  m  July,  and  has  only  two  months  to 
specify;  B.'s  specification  is  enrolled  in  September;  then  A  goes  to  the  office 
and  reftds  it,  obtains,  if  he  pleases  to  pay  for  it,  an  office-copy,  takes  it  home 
with  bim,  and  inserts,  at  his  leisure,  the  whole,  or  as  much  of  it  as  he  pleases,  in 
his  specification  that  is  due  in  December;  now  as  A  has  a  prior  claim  by  the  date 
of  his  patent,  B  is  irremediably  robbed  of  his  invention  and  his  patent  right  too. 

In  obtaining  a  patent  for  Scotland,  the  first  proceedings  are  the  same  as  for 
England,  bat  the  petition  is  referred  to  the  Lord  Advocate,  upon  whose  report 
the  king  issues  his  warrant,  and  the  remaining  business  is  executed  in  Scotland 
without  requiring  the  king's  signature  to  the  bill.  Four  months  is  the  time 
allowed  to  specify  a  Scotch  patent  The  patent  is  written  in  the  Latin  language. 

In  soliciting  an  Irish  patent,  the  affidavit  and  petition  is  sent  wiUi  a  refer- 
ence from  the  King  to  the  Lord  Lieutenant  at  Dublin;  but  as  his  lordship  knows 
nothing  of  such  matters  except  the  fees  tliey  conduct  into  his  pocket,  he  refers 
the  never-discussed  point  of  the  propriety  of  granting  the  patent,  to  the  grave 
consideration  of  the  Irish  Attorney  and  Solicitor  General,  both  of  whom  sign 
Iheir  names  to  a  lithographed  report,  for  doing  which  they  pocket  an  enormous 
fee.  The  subsequent  proceedings  arc  nearly  similar  to  those  of  an  English 
]»8tent,  excepting  that  they  are  much  longer  m  completion. 

The  time  required  for  completing  an  English  patent  under  the  most  favour- 
able circumstances,  that  is  without  opposition,  is  three  weeks ;  but  by  the  pay- 
ment of  additional  or  **  expedition  "  fees,  it  may  be  done  in  a  fortnight  by  an 
active  agent.  A  Scotch  patent  takes  also  about  three  weeks ;  but  an  Irish 
intent  takes  full  six  weeks.  Before  the  period  when  Mr.  Stanley  came  into 
ofllce,  as  Secretary  for  Ireland,  it  was  difficult  to  get  an  Irish  patent  completed 
an  six  months ! 

The  cost  of  patents  for  England,  Scotland,  and  Ireland,  are  stated  in  a 
printed  report  of  the  Committee  of  the  House  of  Commons,  to  be  as  foUowa  i—* 

£    #.    d. 

For  EngUmd,  to  one  person  only 106  11     8 

„  if  to  two  persons,  an  additional .      20    0    0 

„  if  the  Colonies  bie  included  .    •        5     0    0 

For  Scotland 79  10    5 

For  Ireland 128    5  11 

TW  expenses  of  the  specification  are  to  be  added  to  the  foregoing,  which 
depend  entirely  upon  its  length,  the  trouble  of  preparing  it,  and  the  quantity  of 
^vings.  It  cannot  be  less  than  ten  pounds ;  and  the  average  cost  mav  be 
%ted  at  about  twenty  pounds  each,  though  there  have  been  instances  of^  the 
ostii  exceeding  one  hundred  pounds,  when  it  has  been  necessary  to  describe 
luiiBteiy  very  extensive  meonanism,  accompanied  by  numerous  elaborate 
Swings,  llie  en>ense  is  frequently  much  increased  by  the  inventor  not 
Wbg  weU  digested  all  his  f^bans,  and  working  drawings  Jiaving  to  be  made 
^  by  the  head  and  from  verbal  descriptions,  which  generally  require  much 
•iteiatioD  and  study  before  they  are  complete.  A  material  part  of  the  before- 
^ntioned  costs  of  specifications,  consists  in  the  stamps  and  enrolment  fee^ 
•aountuig^   we  think,  to  about  half  of   the  whole;    the  remaining  half 


ttfense;  nevertheless,  if  he  has  not  previoushr  been  a  patentee,  and  thereby 
Wsooie  acquainted  with  all  the  requirements  of'^the  law  m  this  most  essential 
fnicceding,  it  would  be  imprudent  in  him  not  to  avail  himself  of  the  'advice  or 
'■iitaaee  of  one  more  experienced  in  matters  of  the  kind.  The  specification  ia 
**gvQiBcd  upon  parchment,  the  fint  akin  bearing  a  h\e  pound  stampi  and  evaiy 
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micceeding  skin,  or  second  1080  words,  stamps  of  one  pound  each.  Two  sets  of 
drawings  are  required,  one  on  paper,  the  other  on  vellum  or  parchment ;  the 
latter  are  retained  in  the  office,  and  are  stitched  to  the  copy  of  the  patent  on 
the  **  rolls."  After  this  is  done,  the  specification  that  was  depositeo,  and  the 
drawing  on  paper,  will  be  returned  to  the  patentee  on  application  at  the  office ; 
at  which  tipie  the  balance  of  the  enrolment  fees  (a  sum  nayine  been  previously 
deposited)  is  demanded.  The  fees  of  enrolment  of  a  Scotch  patent  are  con* 
si^rably  more  than  for  an  English  one,  and  the  stamps  are  tne  same.  The 
fees  chargeable  for  an  Irish  patent,  as  well  as  the  stamps,  are  less  than  those 
for  an  English  one. 

Since  the  foregoing  was  prepared  for  the  press,  an  Act  of  Parliament  for  the 
amendment  of  the  patent  laws  was  introduced  by  Lord  Brougham,  and  pasMd 
on  the  10th  Septemoer,  1835,  of  which  the  following  is  an  abstract : — 

**  1.  Any  person  who,  as  grantee,  assienee,  or  otherwise,  hath  obtained  letters 
patent  for  any  invention,  may  enter  witn  the  clerk  of  the  patents  of  England, 
Scotland,  or  Ireland,  respectively,  having  first  obtained  the  leave  of  the  Attorney 
General,  or  Solicitor  General  in  case  of  an  English  patent,  of  the  Lord  Advo- 
vocate  or  Solicitor  General  of  Scotland  in  the  case  of^  a  Scotch  patent,  or  of  the 
Attorney  General  or  Solicitor  General  for  Ireland  in  the  case  of  an  Irish  patent, 
a  disclaimer  of  any  part  of  either  the  title  of  the  invention,  or  of  the  spedfic*- 
tion,  stating  the  reason  for  such  disclaimer ;  or  may,  with  such  leave  as  afore- 
said, enter  a  memorandum  of  any  alteration  in  the  said  title  or  specification, 
not  being  tueh  ducUumer  or  tuch  alteration  as  shall  extend  the  excUuive  riffkt 
granted  by  the  said  letters  patent;  and  such  disclaimer  or  memorandum  of 
alteration  sliall  be  deemed  to  be  part  of  such  letters  patent,  or  such  specificatioo, 
in  all  courts  whatever :  Provided  that  any  person  may  enter  a  caveat  against 
such  disclaimer  or  alteration ;  which  caveat  shall  eive  the  party  a  right  to  hsTe 
notice  of  the  application  being  heard  :  Provided  also  that  tne  Attorney  General 
or  Solicitor  General,  or  Lord  Advocate,  may,  before  granting  such  fiat,  requixe 
the  party  applying  to  advertise  his  disclaimer  or  alteration,  and  shall,  if  be 
require  such  advertisement,  certify  in  his  fiat  that  the  same  has  been  duly  made* 

'*  2.  If,  in  any  suit,  it  shall  be  proved,  or  specially  found  by  the  verdict  of  s 
jury,  that  any  person  who  shall  have  obtained  letters  patent  for  any  invention, 
was  not  the  first  inventor  thereof,  or  of  some  part  thereof,  by  reason  of  some 
other  person  or  persons  having  invented  or  used  the  same,  or  some  part  thereof^ 
before  the  date  of  such  letters  patent;  or  if  such  patentee  or  his  assigns  shall  dis- 
cover that  some  other  person  had,  unknown  to  such  patentee,  invented  or  used 
'the  same,  or  some  part  thereof,  before  the  date  of  sucn  letters  patent;  or  if  such 
patentee  or  his  assigns  shall  discover  that  some  other  person  had,  unknown  to 
such  patentee,  invented  or  used  the  same,  or  some  part  tnereof,  before  the  date  of 
such  letters  patent,  it  maybe  lawful  for  such  patentee,  or  his  assigns,  to  petition 
His  Majesty,  in  council,  to  confirm  the  said  letters  patent,  or  to  grant  new 
letters  patent ;  which  petition  shall  be  heard  before  the  Judicial  coiniuittee  of 
the  privy  council ;  and  such  committee,  upon  being  satisfied  that  such  patentee 
believed  himself  to  be  the  first  and  original  inventor,  and  that  such  invention, 
or  part  thereof,  had  not  been  publicly  and  generally  used  before  the  date  of  sneh 
first  letters  patent,  may  report  their  opinion  that  the  prayer  of  such  petition 
ought  to  be  complied  with ;  whereupon  His  Majesty  may,  if  he  think  fi^  grant 
such  prayer :  and  4he  said  letters  patent  shall  be  available  in  law  and  equity  to 
give  to  such  petitioner  the  sole  rient  of  using,  making,  and  vending  such  In- 
vention as  against  all  persons  whatsoever,  any  law,  usage,  or  custom  ^to  the 
contrary  thereof  notwithstanding. 

*'  3.  If  any  action  at  law,  or  any  suit  in  equity  for  an  account,  shall  be 
brought  in  respect  of  any  alleged  infringement  of  letters  patent,  or  ftny  jctrv 
facias  to  repeat  such  letters  patent,  and  if  judgment  shall  pass  for  tlie  patentee 
or  his  assigns  upon  the  merits  of  the  suit,  the  jud^e  may  certify  that  the  validi^ 
of  the  patent  came  in  question  before  him,  which  certificate  being  given  in 
evidence  in  any  other  suit  or  action  whatever  touching  such  patent,  if  judgment 
shall  pass  in  favour  of  such  patentee  or  his  assigns,  he  or  they  shall  receifs 
treble  costs,  to  be  taxed  at  three  times  the  taxed  costs,  unlesi  the  judge  shall 
certify  that  he  ought  not  to  have  such  treble  costs. 


PATENT.  m 

uj  patentee  ihall  adTertbe  in  the  London  Oaietto  three  timei^  and 
lOMon  papen,  and  three  times  in  some  country  paper,  published  in 
rlMfe,  or  near  to  which,  he  carried  on  the  manufacture  of  any  thing 
wding  to  his  specification ;  or  near  to,  or  in  which  he  resides,  in  case 
on  no  such  manufiicture ;  or  published  in  the  county  where  he 
muAk  manufacture,  or  where  he  lives,  in  case  there  shall  not  be  any 
tilled  in  such  town,  that  he  intends  to  apply  for  a  prolongation  of  his 
te  luing  and  vending  his  invention,  and  shall  petition  His  Majesty  in 
diat  e&ct ;  any  person  may  enter  a  caveat ;  and  if  His  Majesty  shall 
inaideration  of  such  petition  to  the  judicial  committee  of  the  jnivy 
id  notice  shall  first  he  by  him  given  to  any  person  or  persons  who 
entered  such  caveats,  the  petitioner  shall  be  heard  by  nis  counsel, 
tm,  to  prove  his  case,  and  tne  persons  entering  caveats  shidl  likewise 
rfSbe  ccmnsel  and  witnesses ;  whereupon,  and  upon  hearing  and  inquir- 
whole  matter,  the  judicial  committee  may  report  that  a  further  exten- 
term  in  the  said  fetters  patent  should  be  granted,  not  exceeding  seven 
His  Majesty  is,  if  he  shall  think  fit,  to  grant  new  letters  patent  for  the 
ion  for  a  term  not  exceeding  seven  years  after  the  expiration  of  the  first 
vided  the  application  by  petition  shall  be  made  and  prosecuted  with 
« the  expiration  of  the  term  originally  granted  in  such  letters  ^tent" 
\  introduce  some  alterations  iu  the  forms  of  process  in  actions  for 
nt 

It  if  any  person  shall  write,  stamp,  &c.  upon  anv  thin?  the  name,  or 
ioo  of  the  name  of  any  other  person  who  hath  obtained  letters  patent 
ing,  without  leave  in  writing;  or  if  he  shall  write,  stamp,  &c.  on  such 
Mit  leave,  as  aforesaid,  the  words  '  patent,'  *  letters  patent,'  or  '  by  the 
mt,'  or  any  words  of  the  like  kind,  meaning,  or  import,  he  shall,  for 
oflence,  be  liable  to  a  penalty  of  50L" 

evary  we  should  not  omit  to  inform  the  reader  that  very  recently  an 
traduced  by  the  Duke  of  Richmond,  and  received  the  sanction  of  the 
hr  the  abolition  of  voluntary  and  extra-judicial  oaths  and  affidavits; 
riaions  of  which  it  is  now  indispensable  that  an  inventor  who  applies 
t  should  first  make  a  " declaration*  in  lieu  of  the  affidavit,  of  wuich 
iren  the  form  on  page  266 ;  and  this  declaration  must  be  couched  in 
opressed  in  the  Act,  which  we  have  not  space  to  insert 
O,  or  PAVEMENT.  A  layer  or  covering  of  stone  or  brick,  carefully 
roads,  paths,  halls,  passu^es,  &c.,  and  to  form  stone  floors  in  the 
fanOdiings.  Pavemente  of  flint  and  flags,  in  streets,  are  commonly 
lat  is,  in  beds  of  sand  or  gravel ;  those  of  stebles,  courts,  ground- 
are  laid  in  a  mortar  of  lime  and  sand,  or  in  lime  and  cement,  especially 
eellars  underneath.  Sometimes,  after  a  floor  of  stone  or  brick  has  been 
thin  stratum  of  mortar  is  spread  over  it,  and  worked  into  the  crevices, 
n  the  joints.  The  several  kinds  of  paving  are  as  various  as  the  mate- 
Jeh  they  are  composed,  the  adoption  of  which  depends  usually  upon 
nstances  and  the  expense :  the  rollowing  are  the  principal  kinds, 
le-paving,  frequently  laid  in  ornamental  design,  is  done  with  kidney- 
MS,  obtained  from  Guernsey  and  other  places;  it  is  extremely  duruble 
Gny  performed. 

pavinff,  formerly  much  used  in  London :  the  stone  is  obtained  from 
in  Kent,  whence  the  name  of  Kentish  rag^stone ;  there  are  square 
da  material  for  coach-tracks  and  footways. 

sek  pitehens ;  stones  from  six  to  ten  inches  square,  and  five  inches 
jjbtmnn.  the  island  of  Purbeck,  and  frequently  used  in  court-yards. 
»-ps?]ng^  hv  some  called  Scoteh-paving:  by  this  was  recently  under- 
•1  stones,  of  blue  wh^nn ;  they  are,  however,''now  nearly  disused  in 
ring  to  their  inferiority  of  the  next-mentioned. 
h  granite ;  a  hard  material,  usually  of  a  bluish  or  reddish  colour,  with 
E«ondon  road-pavements  are  formed. 

nssT  and  Herm  blue-granite ;  extensive  quarries  being  now  opened 
t  island,  chiefly  finr  the  supply  of  the  London  pavements,  for  which 
Is  Ibana  to  answer  as  well,  if  not  better,  than  the  Scoteh.  The  «timea 
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eparedof «  piiimddiilfigute,  bynieuiBof  iron  hsnunm,  and  an  amally 
itktheit  end  doHDwards,  beilded  in  gravel. 

7.  Purbeck'paving,  of  the  blue  sort,  in  Uige  luifacea,  and  about  2j  inchw 
thick,  make  excellent  flag  pavements. 

8.  yorkibire-paving,  of  large  diniensionii,  i*  equally  good  with  the  funnrTf 
u  imperviou*  to  vater,  and  unaficcled  by  froat. 

9.  Hyegale,  or  GreBtone- paving,  id  used  Tor  heartlii,  stoves,  oven*,  and  rtdl 
places  as  are  liable  to  gresC  heat,  whicli  does  not  afiect  the  stone,  ir  kept  dcy. 

10.  Newcastle  flags  ore  about  two  feet  square,  and  two  iocbes  tliick:  answer 
wall  for  oul-offices. 

11.  Portland  -  paving,  from  Portland,  lometimes  inlenpersed  with  black  doti^ 
12*  Swedland-paving  ia  a  black  alate,  dug  in  Leicestershire ;    much  used  ID 

paving  halls,  especially  in  party-coloured  paving. 

13.  Marble-paving,  frequently  variegated  with  difierent  coloured  mirbk^ 
and  iometimes  inlaid  ill  mosaic. 

14.  Flat-brick  paving,  done  with  brick  laid  in  sand  and  mortar,  or  groute,  ai 
when  liquid  lime  is  poured  into  tbc  joints- 
Id.  Brick-on-edge  paving,  done  with  brick,  laid  edgewavB,  in  the  tame  maaner. 
Ifi.  Bricks  laid  flat  or  edgeways,  arranged  in  hcrriiig-boiie  &thion. 

17.  Bricks  set  cndwaya  in  mortar,  san£  or  groute, 

18.  Paving-bricks,  made  eBpccially  for  the  purpose. 

19.  Paving  with  ten-inch  tiles. 

20.  Paving  with  foot  tiles. 

21.  Paving  with  clinkers,  for  stables.  Sic 

There  are  many  other  kinds  of  paving,  equally  worthy  of  notice  with  Iht 
foregoing,  but  it  would  be  needless  to  eilend  the  description.  We  must 
not,  however,  omit  to  mention  a  beautiful  iuiilation  uf  mosaic,  in  various 
colours  and  designs,  now  manufactured  of  pottery-ware,  some  tprcimeni  of 
which  we  have  seen  at  the  Museum  of  National  Manufactures  and  the  Aits,  in 
Leicester^square,  Pavements  of  churches  and  other  handsome  huildingt  frs- 
quently  ccnsist  of  stones  of  various  colours,  but  chiefly  black  and  white,  in  squarei 
or  luxengei,  artfully  disposed.  Tlieie  needs  no  great  variety  of  colours  to  make 
a  surprising  diversity  of  efl'ecL  It  has  been  shown,  tlidt  two  square  BU>lie% 
divided  diagonally  into  two  colutirs,  may  be  joined  togellier,  in  checker^ 
sixty-four  different  ways,  as  each  admits  of  four  difierent  siluslions,  in  «>eh  <jt 
which  the  other  square  may  be  changed  sixteen  times,  which  gives  sixty-four 
combinations.  A  very  beautiful  example  of  a  tesselated  pavement,  in  black 
and  white,  is  afiorded  in  the  extended  floor  of  St.  Paul's  Cathedral,  which  b 
well  worthy  of  examination  liy  those  who  have  occasion  for  works  of  that  natnr*. 

Having  stated  the  various  kinds  of  pavement  as  commonly  practised  hy 
masons,  we  proceed  to  notice  several  deviations  from  that  practice,  which  brra 
been  much  talked  of.  and  parliHlly  brought  into  use.  The  Ant  we  shall  rtociiba 
U  the  patented  improvement  of  Mr.  Abraham  H.  Chamber^  of  New  Pon^ 


street,  LoDdon;  the  olject  it  fbr  pavine  the  hone  and  caniage-wajri  tt  tmr 
public  ttreeli.  Mr.Chambcn  forms  tlie  Ded  of  earth  or  gravel  of  the  lanal 
ngure,  which  is  a  slightly  elevated  arch;   this  foundation  is  to  be  reitduedai 


I  ramniing,  previoua  to  laying  donn  the  itollM, 
iwer  portion  of  n  reKular  quadrangular  pyramid, 
Miged  so  that  the  aides  of  each  stone  ihall  ovetkp  those  in  the  next 


vaiformiy  and  evenW,  ' 
guaatity  of  some  of  loos' 
&iti 

_  solid  body,  the  remaining  two-lhirds  of  the  interstices  ore  to  be  filled 

with  broken  fiinti,  granite,  or  other  hard  materials.  On  each  side  of  this  road- 
way *xe  to  be  conitructed  deep  brick  gutters,  for  the  reception  of  the  waler, 
uld  the  small  portion  of  mud  that  mav  be  farmed  \  and  midway,  between  each 
^Am  and  tlie  ceutte  of  the  road,  lateral  trenches  are  to  be  dug,  to  lead,  by  an 
oblique  deaceut,  into  the  brick  gutters:  these  trenches  are  to  be  filled  with 
broken  bricks  and  stonea,  end  serve  ai  a  filter,  [o  convey  nothing  but  the  nater 
ftata  the  middle  of  the  road  into  the  gutten.  The  patentee  considen  that  a 
paved  carriage-way,  coastmcled  upon  this  plan,  will  be  extremely  durable,  and 
will  be  kept  free  from  mud  and  sludge. 

Tbe  patent  triangi^r  paeemenl  is  founded  (as  the  inventor  itaCes],  upon  the 
reciprocal  bearine  and  support  of  the  stones.  The  pavement  is  formed  of 
granite,  or  otlier  hard  paving  stones,  of  the  ordinary  size,  and  each  stone  is  laid 
or  ranged  in  such  a  manner,  with  reference  to  the  several  contiguous  stones,  a* 
that  neither  can  be  displaced  the  eighth  of  an  inch,  by  any  pressure  or  percus- 
uoD,  however  great,  in  iha  ordinary  use  of  the  streets.  The  atones  are  not 
wedges  or  cubes,  but  formed  as  repre- 
sented in  the  subjoined  diagram,  each 
containing  a  protruding  or  salient  angle 
on  the  one  side,  and  an  indented  or  re- 
ceding angle  on  the  t^tposile  side;  the 
receding  angle  being  formed  to  receive 
the  salient  one.  Although  the  first  cost 
of  a  pavement  of  this  kind  may  be  greater 
than  ordinary,  its  probable  greater  dura- 
Ui^  will,  mott  likely,  more  than  compensate ;   besides,  its  level  symmetry, 


^ 


I,  and  solidity  of  construction,  derived  by  each  part  from  the  wholi 
erfidss,  seem  to  be  advantages  attached  to  this  species  of  pavement, 
n  Hacknamata's  patent  pavement,  the  stones  are  comparatively  thin,  flat 
^aii**;  their  upper  faces  have  two  of  the  opposite  sides  of  the  quadrangle 
Mded  off  to  an  angle  of  about  forty-five  degrees;  and  underneath  each  stona 
Itsnvnie  sides  of  £e  quadrangle  are  beveled  off  in  like  manner,  so  that  when 
UdtogetlicriD  tbe  manner  eihitated  in  the  engraving  on  the  next  page,  they  may 
Hd|rMally  suppott  each  other.  F^.  1  represents  a  plan  of  a  street  paved  on 
Ibii  system ;  jb.  2  exhibits  H  vertical  section  of  tbe  some,  the  roadway  stones 
Wing  Dtimbared  1,  2,  3,  4,  S,  (as  shown  on  the  plan);  6  6  are  the  gutter- 
■Inn;  7  7.  thoae  which  abut  against  the  curb.  Fig.  3  gives  a  side  new  of 
three  entire  stones,  exhibiting  the  reverie  position  of  the  beveled  edges,  by 
■Uch  the  stones  are  mutually  supported.  .^.4  represents  the  opposite  ndet 
-    '    3  of  the  same  stone*. 

careful  attctition  to  the  figures,  it  will  be  seen,"  says  the  patentee^ 
-irtat  each  aod  every  individual  block  or  stone  mutuslly  and  reciprocally  sup- 
port,  and  are  supported  by,  each  other.  This  principle  will  be  found  to  apply 
Ibronghoul,  ench  bloolt  or  stone  being  upheld  by  two  adjoining  ones,  and,  in 
return,  mutually  suppiniiiig  othen  that  are  made  to  rest  upon  it  These  Uoefci 
nay  be  made  of  any  convenient  lixe  ;  the  principal  object  to  be  attended  to  ll 
lo  make  the  bouQiilTig  lines  on  the  upper  surface  as  perfect  as  the  nature  of  tbe 
ibaes  will  admit.  I  shall  here  obterve,  that  when  blocks  are  used  of  lun 
^tensions,  it  will  be  proper  to  groove  Uieir  surfaces  to  form  a  better  foot-bold 
Fn  hones;    and  in  order  to  identily  tny  invention,  and  therebv  endeavour  to 

^     '       '  " 'ly  ■ 


'."fc 


tinrnit  any  minngement  on  this  patent,  that  it  coniiita  solely  in  working, 
^      **lin&  <w  brauag  tha  lidei  of  my  blacks  or  stones,  so  that  they  shall  inaki 


aluniBtely  obUue  wid  acute  angles,  with  the  upper  nufice  irf  the  Wock  or  it<me, 
which,  being  done,  tbey  may  be  »o  arranged  or  combined,  that  they  will 


mutually  and  reciprocally  lupport  and  preserve  each  other  from  the  impetfectiod 
90  generally  Ibund  ia  the  usual  practice  of  paving." 

PEARLS.  A  calcnius  ot  morbid  concretion,  formed  in  consequence  tt 
some  external  injury  vbich  the  muscle  or  shell-fisb  receives  that  produces  i^ 
particularly  from  the  operations  of  certain  minute  worms,  which  occaaionally 
bora  even  quite  through  to  the  animal.  The  pearls  are  formed  in  the  inaid*^ 
on  these  places :  hence  it  ii  easy  to  ascertain,  by  the  inspection  of  tht 
outside  only,  whether  a  shell  is  likely  to  contain  pearls.  If  it  iw  qtiite  smootht 
without  cavity,  perforation,  or  callosity,  it  may  with  certainty  be  pronoiiUMd 
to  contain  none;  if,  on  the  contrary,  the  shell  be  pierced  or  indented  by  worm^ 
there  will  always  be  found  either  pearia,  or  the  embryos  of  pearb.  It  is 
possible,  by  artificial  perforation  of  the  shells,  to  cause  the  formation  itf  thcM 
•ubstances.  The  process  which  baa  been  chiefly  recommended  is  to  inO  M 
small  hole  through  the  shell,  and  to  fill  it  up  with  a  piece  of  braa  irin^ 
rivetting  this  on  the  outside,  like  the  head  of  a  nail ;  and  the  part  of  the  wn« 
which  pierces  the  interior  shining  cost  of  the  shell  will,  it  is  said,  beeooM 
covered  with  a  pearl.  As  to  the  value  of  British  pearls,  some  have  been  found 
of  a  size  so  large  ai  to  be  sold  for  201.  each,  and  upwald* ;  and  804  WM  caM 
offered  and  remsed  for  one  of  ihem. 

The  orieatal  pearl  miucU,  to  which  we  aty  indebted  for  nearly  all  the  pMlli 
of  commerce,  has  a  flattened  and  somewhat  circular  shell,  alMut  eifht  inelw)  'm 
diameter,  the  patt  near  the  hinge  bent  or  transverse,  and  imbricated,  or  coveted 
like  slates  on  a  house,  with  several  coals,  which  are  toothed  on  the  edges.  Some 
of  tha  shells  are,  externally,  of  a  sea-green  colour,  others  are  cbeatnnt  or 
reddish,  with  while  stripes  ot  marks,  and  others  whitish,  with  green  maik^ 
Tbete  ihellt  are  found  both  in  the  American  and  Indian  seas.     "Hie  pcincipal 
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Wftri  fisheries  are  off  the  coasts  of  Hindoostan  and  Ceylon ;  they  usually  com> 
nence  about  the  month  of  March,  and  occupy  many  boats,  and  a  great  number 
f  hands :  each  boat  has  generally  twenty-one  men,  of  whom  one  is  the  captain, 
bo  acts  as  pilot;  ten  row  and  assist  the  divers;  and  the  remainder  are  divers, 
bo  go  down  into  the  sea  alternately,  by  ^vq  at  a  time.  The  largest  round 
larl  that  has  been  known  belongs  to  the  Ureat  Mogul,  and  is  about  two-thirds 
an  inch  in  diameter.  Pearls  from  the  fishery  of  Ceylon  are  considered  more 
Inable  in  Eneland  than  those  from  any  other  part  of  the  world.  The  smaller 
ids  are  called  seed  or  dust  pearls,  and  are  of  comparatiyely  small  value,  being 
d  by  the  oonce^  to  be  converted  into  powder.  To  make  the  artificial,  take  the 
ijr  cir  bleak  fish,  common  in  the  Thames ;  scrape  off  the  silvery  scales  from 
I  b^y ;  wash  and  rub  these  in  water ;  then  suffer  this  water  to  settle,  and  a 
liinent  will  be  found,  of  an  oily  consistence.     A  little  of  this  is  to  be  dropped 

0  a  bollow  glass  bead,  of  a  bluish  tint,  and  shaken  about  so  as  to  cover  all 

1  internal  surface :  after  this  the  bead  is  filled  up  with  melted  white  wax,  to 
re  it  solidity  and  weight 

Tbe  Roman  pearls  are  formed  of  a  very  pure  alabaster,  considerable  quarries 
:  wbicb  exist  near  Pisa,  in  Tuscany.  The  process  is  as  follows:— the  alabaster 
lawn  into  slices,  Uie  thickness  of  the  pearls  required;  the  pearls  are  then 
with  an  instrument  which  bores  a  small  hole  m  the  centre,  at  the  same 
that  the  required  shape  is  obtained.  The  next  thing  in  the  process  is  their 
efidon  in  boiling  wax,  to  give  them  a  rich  yellow  hue,  and  afterwards  to 
eonr  them  several  times  with  the  silvery  substance  obtained  from  the  scales  of 
tlie  bleak.  .  The  singular  beauty  of  this  ornament,  which  perfectly  resembles 
tlie  real  pearl,  the  varied  patterns  in  which  they  are  arranged,  and  their 
extieme  cnewness,  render  them  an  object  much  sought  after;  while  their 
solidity  is  such,  that  they  may  be  dashed  to  the  fi;round  with  violence  without  re- 
cciring  the  slightest  injury;  being  thus  rendered  far  superior  to  those  of  French 
nanuucture,  which  are  at  once  more  fragile,  and  considerably  less  imitative. 

The  Chinese  in  a  manner  force  the  production  of  real  pearl,  in  the  animal 
■tMld  They  collect  the  mvca  max^arite  fera,  or  European  pearl  muscle,  and 
piote  the  outsides  of  the  shells  in  several  parts,  without  completing  the  perfo- 
ration throughout.  The  animal,  becoming  conscious  of  the  weakness  or 
deficiency  of  the  shell  in  those  particular  spots,  deposits  over  them  a  great 
lumtity  of  its  pearly  calcareous  matter,  and  thus  forms  so  manv  pearly 
^ibcfcles  over  them.  The  pearls  thus  obtained  are,  however,  said  to  be  gene- 
(ifly  inferior  to  those  naturally  produced.  Pearls  that  are  discoloured  may 
^  dms  whitened :  '*  Soak  them  first  in  hot  water,  in  which  some  bran  with  a 
ddt  tartar  and  alum  have  been  boiled ;  rub  them  gently  between  the  hands, 
^ieb  may  be  continued  until  the  water  grows  cold,  or  until  the  object  is 
•d,  when  they  may  be  rinsed  in  lukewarm  water,  and  laid  on  writing- 
-in a  dark  place,  to  cool."  The  foregoing  is  extracted  from  the  scientific 
;  hut  we  have  always  understood  that  real  pearls,  so  discoloured,  are 
hy  the  lapidaries,  that  is,  they  take  off  the  upper  coat  or  lamina,  which 
them  sligntly  diminished  in  size,  but  equally  beautiful  to  their  primitive 


PEARL,  Mother  of.  The  shell,  not  of  the  pearl  oyster,  but  of  another  kind 
f  ejster,  the  inside  of  the  sheU  of  which  is  very  smooth  and  polished,  and  of 
^  whiteness  and  water  of  pearl  itself.  The  shell  has  the  same  lustre  on  the 
Vnde,  after  the  outer  coat,  or  lamina,  has  been  removed  by  aqua-fortis  and 
lis  k|^dary's  mill.     It  is  used  for  the  handles  of  knives,  inlaid  work,  &c. 

F!BARLASH.     An  impure  potash,  obtained  by  lixiviation  of  the  ashes  of 
liasts.    See  Potash. 
RARL-SHELL.    A  new  process  of  working  pearl-shell  into  a  variety  of 
^  for  the  purpose  of  apnl}ring  it  to  ornamental  uses  in  the  manufacture  of 
ware  and  other  articles,  has  lately  been  invented  by  Messrs.  Aaron 
and  John  Betteridge,  of  Birmingham.    The  process  is  similar  to  that 
_  on  metals  in  reuef,  by  the  aid  of  corrosive  acids  and  the  etching- 
The  pearl-shell  is  first  divided  into  very  thin  plates  or  leaves,  such  as 
the  40th  to  the  100th  part  of  an  inch,  and  the  devices  or  patterns  are  drawn 
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upon  them  in  an  opaque  turpentine  varnish;  strong  nitrous  acid  is  then  brushed 
over  the  plates  repeatedly,  until  those  parts  left  bare,  or  undefended  by  the 
varnish,  are  sufficiently  corroded,  or  ''  eaten  away  "  by  the  acid.     The  varnish 
being  now  washed  off  by  a  little  oil  of  turpentine,  the  device,  which  the  acid  has 
not  touched,  is  found  to  be  perfectly  executed.     If  the  design  is  to  be  alter  the 
manner  of  common  etching  on  copper,  then  the  process  upon  the  shell  it  pre- 
cisely similar  to  that  already  explained  under  the  article  £ngravino.     When  a 
considerable  number  of  ornaments  are  required  of  the  same  size  and  pattern, 
a  sufficient  number  of  the  plates  are  cemented  together  by  glue,  with  only  one 
plate,  having  the  device  etched  upon  it,  placed  on  the  outside ;   these  are  then 
made  fast  in  a  pair  of  clams,  or  screwed  between  the  jaws  of  a  vice,  and  care- 
fully sawn  out  altogether  by  a  very  fine  frame-saw :   the  cemented  thella  are 
then  thrown  into  warm  water,  which  softens  the  glue,  and  quickly  separatet  the  « 
pieces.     When  several  devices  upon  a  plate  have  been  bit  in,  they  may  be  laid4 
upon  a  flat  surface,  and  cut  through  with  a  knife-edged  tool ;   for  thick  pieceai 
the  saw  is  put  in  requisition,  and  the  finishing  executed  by  a  variety  of  shai^ 
gravers  and  instruments. 

P£ARL-WHIT£.  An  oxide  of  bismuth.  It  is  employed  as  a  cosmetic,  t^ 
whiten  the  skin ;  but  its  tendency  to  become  black,  by  exposure  to  the  action  c^ 
sulphuretted  hydrogen  mixed  with  the  atmosphere,  renders  it  a  very  dangeroi]^ 
expedient  to  heighten  female  charms. 

r£AT.     A  spongy  black  earth,  combined  with  decayed  vegetable  m«tt< 
when  dried,  it  forms  a  valuable  fuel. 

P£CK.     An  English  measure  ;  the  fourth  part  of  a  bushel. 

PEDOMETER,  foot-measure,  or  way-wiser,  is  a  machine  in  the  form  oT 
small  time-piece,  containing  a  train  of  toothed  wheels,  which,  by  means 
chain  or  string,  fastened  to  a  man's  foot,  or  to  the  wheel  of  a  carriage,  are  mj 
to  move  one  notch  or  tooth  at  each  step,  or  each  revolution  of  the  wheel ; 
the  train  thus  uniformly  moved  being  connected  to  an  index,  points  out  the 
tance  travelled,  on  a  graduated  dial-plate. 

A  patent  for  "  an  improved  pedometer  for  the  waistcoat  pocket,  upon  a  nev 
and  very  simple  construction,"  was  taken  out  by  Mr.  William  Payne,  of  New 
Bond- street,  in  1831.     It  is  of  the  form,  and  of  the  usual  size,  of  a  commoo 
watch,  and  consists  of  a  lever  or  pendulum,  one  end  of  which  is  weighted  or 
inlayed,  and  the  other  supported  by  a  delicate  spring;   by  which  arrangemcoi; 
each  step  of  the  wearer  produces  a  vibration,  and  moves  a  ratchet  wheel  om 
tooth,  and  the  latter  being  geered  into  a  train  of  wheels  (similar  to  those  of  s 
common  counting  machine)  moves  indexes  or  hands  over  the  face  of  a  dial- 
plate,  on  which  the  number  of  vibrations  or  steps  are  indicated.     The  patentee 
also  attaches  his  pedometers  to  an  ordinary  watch,  in  which  case,  the  train  of 
wheels  and  other  parts  are  placed  under  the  dial-plate  or  face  of  the  wateb. 

PEN.  A  well-known  instrument  for  writinc^.  In  the  earliest  ages,  writing 
was  executed  with  styles  of  metal  or  other  hara  substance,  which,  after  a  tine, 
were  superseded  by  pens  and  coloured  inks.  The  first  pens  were  made  of  reed^ 
or  small  hard  canes,  about  the  size  of  the  largest  swan  quills,  cut  and  nHt  in 
the  same  manner  as  the  pens  in  present  use.  According  to  Isidore,  and  loine 
other  writers,  quill-pens  were  first  introduced  about  the  year  636 ;  they  did  no^ 
come  into  e^eneral  use,  however,  till  the  middle  of  the  seventh,  and  wen  net 
common  till  towards  the  close  of  the  eightli  century.  Reed-pens  contisne  to 
be  employed  up  to  the  present  time,  for  writing  some  of  the  oriental  langosgeii 
and  by  artists,  for  sketchinj?  outlines.  The  greater  number  of  pens  now  in  v/ft 
are  made  from  the  quills  of  the  goose — those  of  the  swan,  turkey,  duck,  snd 
crow,  being  occasionally  employed — the  two  latter  exclusively  for  veiy  ^ 
writing  or  drawing.  As  the  making  or  mending  of  quill-pens  is  to  many  per* 
sons  difficult  of  attainment,  and  to  all,  at  times,  inconvenient,  various  attenpt* 
have  been  made  to  render  the  process  less  frequently  required.  One  of  tbeit 
methods  consisted  in  arming  pens  made  of  turkey-quills  with  metallic  pcintf 
or  nibs,  by  which  their  durability  was  somewhat  increased,  although  st  tke 
expense  of  the  natural  elasticity  of  the  quill ;  nor  was  the  durability  sufficiently 
extended  to  be  commensurate  with  the  additional  cost.     To  do  away  with  ths 
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'  frequent  pen-mending,  Mr.  Bramah  took  out  a  patent  for  an  im- 
B  pens,  which  consisted  in  dividing  a  quill  longitudinally,  and  cut- 
foor  or  six  lengths,  according  to  the  size  of  the  barrel.    Each  of 

formed  a  pen — some  two,  bv  being  cut  at  each  end.    The  pern 

were  held  in  a  jointed  silver  holder,  which  imparted  great  firmnesi 

while  it  permitted  the  free  action  of  the  nibs.  Pent  have  been 
horn,  also  from  tortoise  and  other  shells ;  but  no  useful  application 

been  made  of  such  pens,  as  they  are  more  expensive  and  even  lest 
Q  those  made  from  quills.  Some  successful  attempts  have  been 
m  the  nibs  of  pens  of  precious  stones,  in  order  that  they  may  be  used 
without  wear  or  corrosion.  The  first  that  we  recollect  were  introduced 
Sawkins  and  Mordan,  whose  specification  of  1823  states,  that  the^ 
r  tortoise-shell  or  horn,  instead  of  quills ;  and  when  the  material  is 
i^  these  parts  are  softened  in  boiling  water,  and  then  small  pieces  of 
iby,  or  other  precious  stones,  are  imbedded  into  them  by  pressure ; 
na,  it  is  said  pens  of  great  durability  as  well  as  elasticity  are  made, 
nlity  to  the  nibs,  the  patentees  proposed  to  affix  to  the  tortoise-shell, 
n  pieces  of  gold  or  other  metal,  and  attaching  the  same  by  the 
ioned  or  any  other  convenient  means,  as  cement  or  varnish.  It  is 
Igested  that  springs  may  be  placed  on  the  back  of  the  pen,  as  shown 
xed  figure,  which  may  be  slided  backward  or  forward, 
elasticity  according  to  the  different  hands  that  may  be 

writing.  We  are  informed  by  a  gentleman  who  had 
e  pens  manv  months  in  constant  use,  that  it  had  exhi- 
;ns  of  detenoration  or  wear.  Mr.  Doughty,  of  Great 
eeC,  has  likewise  devoted  much  attention  to  the  con- 
r  pens,  the  nibe  of  which  are  rubies  set  in  fine  gold. 
lid  to  write  as  fine  as  a  crow-quill,  and  as  firm  as  a 
-to  possess  considerable  elasticity,  and  produce  an  uniform 

unattainable  by  ordinary  pens.  Mr.  Doughty  states, 
i  of  his  ruby  pens  have  been  in  constant  use  upwards 
r,  and  continue  still  perfect ;  and  that  if  a  little  care 
f  the  nibs,  by  preventing  their  being  struck  against 
nces,  and  occasionally  washing  them  with  soap  and  water,  with  a 
ng,  ihey  will  be  found,  notwithstanding  their  first  cost,  economic 

rhodium  pens,  consisting  of  two  flat  strips  of  gold  placed  angularly 
,  and  tipped  with  a  hard  metallic  alloy,  are  very  durable,  thoueli 
» the  ruby  nibbed.  Under  the  head  Inkstand,  we  have  given  Mr. 
lontrivance  to  prevent  injury  to  his  pen-nibs  in  dipping  for  ink. 
decided  attempt  to  introduce  metallic  pens  to  general  use,  was  made 
e,  whose  "  perpetual  pens  "  will  doubtless  be  remembered  by  many 
»n.  The  name  of  Wise  was  rendered  conspicuous  in  most  of  our 
bops,  some  twenty-five  or  thirty  years  since,  as  the  original  inventor 
manufacturer  of  the  steel  pens ;  they  consisted  of  a  barrel-pen  of  steel, 
a  bone  case,  for  convenience  for  carrying  in  the  pocket    Notwith- 

productions  possessed  but  in  a  very  remote  degree  fhe  requisite  pro- 
writing  instrument,  and  were  extremely  dear,  he  managed  to  make  a 
hood  out  of  the  business,  by  dint  of  unwearied  exertions  in  promoting 
fr.  Donkin  subsequently  made  some  excellent  steel  pens,  but  the  price 
id  the  demand  inconsiderable.  This  description  or  pen  has  recently 
neh  improved,  especially  by  Mr.  Joseph  Gillott,  of  Birmingham,  who 
t  manufacturer  of  steel  pens  in  the  world,  converting  annually  upwards 

of  fine  steel  into  writing  pens.  The  improvement  has  been  accom- 
mploying  metal  of  a  better  quality  in  a  thinner  and  more  elastic 
akiog  the  slit  shorter,  and  by  more  carefully  attending  to  the  finish 
of  the  pens.  These  improvements  in  quality  have  also  been  attended 
it  a  reduction  in  price,  that  a  ffross  of  the  improved  steel  nibs  may 
fhaied  for  very  little  more  than  was  formerly  charged  for  ofie  of  Wise's 

common  three-slit  pen,  that  is,  the  pen  with  a  slit  on  each  side  of 
dil^  if  with  many  persons  still  a  favourite,  and  some  of  these  pens 


■eem  to  embody  mott  of  tlie  adTontagei  of  which  metaUic  peni  are  nuceptiUa. 
'iliar  pment  excellence  and  extreme  cheapneu  leemB  to  promiM  the  almixt 
entire  diiuae  o(  quills,  although,  up  to  the  preMDt  time,  there  hu  been  no  falling 
off  in  the  demand  for  this  article. 

Mr.  Jamei  Perry,  of  London,  has  contributed,  we  believe,  more  than  any 
other  indiTidital  to  the  introduction  of  the  modern  improTed  steel  pens ;  he  hu 
brought  out  aeveral  steel  peog  of  a  very  ingenious  and  original  deaciiption,  and 
devoted  more  than  ordinary  attention  to  the  forming  them  to  suit  a  varie^  of 
hands  and  tastes,  which  he  regularly  classed,  advertised,  and  humoniualy  pUBed 
in  rhyme,  by  which  means  he  acquired  a  celebrity  to  which  no  previous  pen- 
maker  had  attained.  Mr.  Perry  first  overcame  the  extreme  rigidity  of  the 
ordinary  iteel-peo,  by  the  introduction  of  apertures  betwtm  lie  ihtmlden  imd 
the  point,  thereby  making  them  elastic  below  instead  of  above  the  ihoulder: 
this  was  the  subject  of  his  patent  of  1S30.  "  The  double  patent  Peinian 
pen,"  the  merits  of  which  have  been  so  much  placarded  throughout  the  kingdom, 
received  its  odd  cognomen  ti-om  the  cireumitance  of  a  second  patent  taken  out 
fay  Mr.  Perry,  in  1S32;  the  pens  deictibed  in  the  ipecilicatioii  of  which  at* 


patent  pen,"  which  distinctly  shows  the  position  of  the 
aperture  and  the  lateral  slits,  by  which  a  great  degree  of 
elasticity  is  obtained.  /^.  2  lb  Mr.  Perry's  ingenious 
*'  regulatlng-Bpring  pen,"  consisting  of  one  of  his  patent 
pens,  with  the  addition  of  a  sliding  spring,  which  increases 
or  diminishes  the  flexibility  of  the  pen,  according  as  it  is 

S laced  further  from,  or  nearer  to  the  point.  In  another 
isttnce  Mr.  Perry  employs  the  elasticity  of  Indian-rubber, 
by  twisting  a  thread  of  this  material  round  the  niln  of  the 
pen,  tlie  yielding  of  which  permits  the  opening  of  the 
points,  in  proportion  to  the  pressure  applied.  The  care 
which  Mr.  Ferry  takes  in  the  correct  manufacture  of  his 
pens,  has  mainly  contributed  to  the  general  preference 
^iven  to  them ;  for,  however  excellent  may  be  the  prindple  of  the  iilinilim^M 
if  the  workmanship  of  the  nibs  be  not  nicely  performed,  the  pens  wQl  not  wiji^w 
well.  It  is  from  defects  of  this  kind,  we  tielieve,  that  many  apparently  excd^M 
lent  metallic  pens,  that  have  been  successively  brought  out,  hava  met  with  ^v 
comparatively  small  sale. 

As  the  extremities  of  the  nibs  of  metallic  pens  of  the  ordinary  form  beeom  — 
worn,  they  progressively  increase  in  breadth,  until  they  become  useless,  unle^^ 
their  original  form  should  be  restored  by  skilful  filing,  or  grinding,  upon  an  oi^H 
stone :  these  being  operations  which  no  economist  of  time  will  perform,  at  tl^^' 
prtseni  low  prices  of  the  article,  Mr.  Gillott,  of  Birmingham,  took  out  «  pale^^* 
ID  1831  for  an  improvement  in  metal  pens,  designed  to  remedy  the  Me^^ 
mentioned.  This  he  proposed  to  effect  by  making  the  nibs  of  bis  pen*  ^mhIIsm 
aided,  that  is,  an  equal  breadth  to  the  points  for  about  an  eighth  of  an  Inn  i^ 
long,  the  remafbing  portion  or  upper  part  of  the  nit»  being  cut  either  indiuM^u  < 
in  the  usual  manner,  or  terminating  with  a  shoulder  next  to  the  parallel  nila^* 
"  The  whole  length  of  such  nibs,"  says  Mr.  Gillott,  "  may  of  course  be  wo^^"* 
away,  without  increasing  the  breadth  of  the  strokes  in  writing."  This  c 
■traction,  it  however  anpears  to  us,  will  not  only  fail  in  obtaining  tbo  adr. 
tage*  sought,  but  will  entail  disadvantages  to  [which  the  tapered  form  >■ 
comparatively  free ;  namely,  a  greater  tenden^  to  take  a  set  in  opening  dnrixvf 
the  downward  strokes  of  the  pen,  and  a  deficiency  of  reacting  force  io  t>** 
tip-atrokei  to  bring  the  nibs  togetberj  the  narrowness  of  the  points  also  prvTeK*" 
the  ink  from  flowmg  down  In  sufficient  quantity  to  give  a  constant  and  uiibiKx>f 
supply.  Mr.  Gillott,  although  a  pen  manufacturer,  is  evidently  no  great  p^*** 
usar,  for  all  persons  who  are  in  the  habit  of  using  steel  pern  know  that  n*  * 
short  time  the  abrading  action  of  the  paper,  produces  a  Iwall  edge  on  the  nnd^ 
sideof  thenib,  converting  it  into  a  vei?  efficient  chisel,  which,  catching  dw  papf 
in  the  up  stroket,  randen  the  pen  unfit  for  fiirther  use.     With  recpect  (o  ttw^ 
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itmay  unifbnnlr,  thii  can  aevBr  be  the  cue,  uQleu  die  pen  b«  held 
y,  that  H  at  right  angles  to  the  plane  of  the  paper,  in  which  manaer 
t  viiting  cannot  be  executed,  Thia  will  at  once  ahov  the  bllacy  of 
urtt'a  propoaition ;  and  it  would  appear  ai  if  Mr.  Gillott  »u  himaelf 
u  of  the  error ;  for  we  have  never  met  vith  any  of  hi*  Peni  made  in 
nee  with  hii  patent,  that  is,  with  parailel  pointi,  but  ai  Fig.  3,  which  is 

Hr.-  GQIott's  pens,   as  now   manufactured ;       ifjg_  g,  j;^,  4, 

as  this  is  a  pret^  good  pen,  and  ranki  jrith 
;  of  the  Orte-tHi  cUm. 

pomlion  in  which  a  pen  ii  lutully  held  camei 
r  to  take  place  in  an  inclined  direction,  iligfatly 
I  at  the  rages,  and  the  right  hand  nib  to  hi 
ont  than  the  left  When  one  nib  becomes 
di*n  the  other,  the  longer  nib  bean  harder 
I  shorter  upon  the  paper  in  the  up-ilrokea, 
dnce*  thick  and  blotted  writiqg.  It  was  pro- 
Ub  a  view  of  obviatiti);  these  effects  that  the 
if  olden  time  wrote  their  letten  either  upright, 
ling  to  the  left  hand,  both  of  which  modes  ara 
1  by  the  lawyen.  Making  due  allowance  for 
iletcneia  of  many  of  the  character!,  we  think  it  must  b«  admitted  that 
dtings  ponesi  more  cleamen  and  intelligibllit;  of  farm  than  our 
■ad  writing. 

ist,  however,  that  we  ma^  b«  able  to  incline  our  letters  in  the  right 
I,  and  yet  save  our  pens  from  rapid  destruction,  Menn.  Hordan  and 
Ion  introduced,  and  patented  in  1831,  peni  with  inclined  dits,  which 
y  ^tpropriately  designated  the  "  obh'que  pen,"  It  has  been  stated,  as  a 
ibcsiticated  fact,  that  ninety-nine  persona  m  every  hundred  fail  to  attain, 
ently.  the  art  of  writing  with  a  pen  in  the  true  poaition ;  that  is,  with 
d  remOTed  a  little  to  the  right,  and  the  tip  of  the  pen  pointing  to  the 
Mmlder,  when  the  slit  of  the  pen  will  be  in  the  direction  of  the  writing, 
h  of  the  nibs  addressed  fairly  to  the  paper.  I^.  4  is  a  representation 
RS.  Mordan  Sc  Co.'t  oblique  pen.  The  direction  of  the  slit  in  this  pen 
Iwt  in  which  the  writing  usually  dopes  at  an  angle  of  about  tbirty-fiT* 
,  both  nibs  are  brought  equally  down  upon  the  paper — the  writer  u  not 
i  to  any  particular  position,  but  at  liberty  to  u*e  the  pen  fbeelj,  without 
aunt  of  attitude,  so  strongly  insisted  upon  by  teachers  of  writmg.  The 
tt  the  oblique  steel  pen  is  altogether  remarkably  good,  and,  fran  the 
if  the  nibs  immediatoly  below  the  ihoulder,  it  has  a  moat  excellent  spring, 
isg  ■  pleasing  effect  both  in  the  up  and  down  strokes  of  the  writing ;  it 
•moouily  over  the  paper,  and  ii  altogether  free  from  the  harshness 
ah  eom[riained  of  in  iteet  pens.  These  oblique  pens  are  made  of  the 
nI,  in  a  TCTj  thin  and  bighly  elastic  state  ;  the  arched  form  giie* 
fOMte   strength,  where  it   ii  necessary  they  should  be  firm  and  un- 

Sand  also  enables  them  to  carry  more  ink  than  any  prerioui  pena. 
■ntageous  property  of  this  narttcular  form,  for  holding  a  large  quantity 
WM  at  once  perceived  by  otlier  maoufacturen,  and  led  to  the  conatruo- 
tha  Lunar,' Gonidon,  an daome  other  similar  pens.  Messrs.  Mordan  &  Co.*a 
WtWB  describes  a  variety  of  modifications  of  pens  and  pen-holdets,  illu»- 
|n  DDmerons  figures.  In  the  first  place  are  shown  quill-pens  and  portable 
tha  latter  implying  short  pieces,)  naving  inclined  slides,  and  metal  peiM 
ly  Ibnned.  To  apply  the  principle  to  pens  cut  in  the  usual  manner,  with 
4 ar  loDgitndliul  sut*,  handles  are  provided,  which  have  at  tfaerr  1(    ~~ 


I,  with  clips  or  holders,  which  fix  the  pens  at  an  anglei 

yfrom  thir^  to  for^  degrees  out  of  the  line  formed  by  the  handlea. 
dtaaa  pnt-hdders  are  furnished  with  jointa  and  set-screws,  to  enable 


ilv  to  p(*ce  the  pent  at  such  an  inclination,  with  respect  to  the  handle,  aa 
tegti  wiOi  the  inclined  poiitioo  of  the  letters  he  it  making.  Hie  latMt 
mnent  in  iteel  pens  is  one  by  Mr.  Gowland,  con«ating  m  the  introduction 
I  lUtianal  nA.    The  (bllowmg  engravings  reprewnt  three  pens  of  thii 
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Acripdon,  as  manufactured  by  Messrs.  Mordan  &  Co^  under  a  reeent  patent 
iff.  5  are  back  and  side  views  of  Messrs.  Mordan  and  Cow's  patent  thrae-nibbed 


Fig.  5. 


Fig,  6. 


"Fig.  7. 


tUp-pen.  Fig,  6  are  similar  views  of  their  patent  three-nibbed  Jtaf-tpade,  or-  -^ 
as  tne  Birmingham  manufacturers  call  it,  the  lunar  pen.  In  each  of  theae  pen=  _f^ 
the  additional  nib  is  formed  by  cutting  it  out  of  the  stem  or  shank  of  the  pe^^^, 
where  there  is  always  a  superfluity  of  metal,  and  turning  it  back  over  the  oth^Hier 

nibs.    Fm.  7  are  back  and  side  views  of  Mordan  &  Co.*8  patent  three-nibb< J 

counter-wlique  pen.     Many  persons  having  been  strongly  prejudiced  again      ^ 
the  one-sided  appearance  of  the  original  oblique  pen,  Messrs.  Mordan  &  C- 
were  induced  to  attempt  an  improvement  in  this  respect,  and  they  have  fill 
•ncceeded.   The  improvement  has  been  accomplished  by  the  introduction  of  s 
additional  shoulder,  opposed  to  the  former.    This  novel  and  curious  pen  h 
been  very  much  admired,  and  it  is  as  useful  as  curious;  it  has  the  advantage 
holdine  a  very  considerable  quantity  of  ink,  and  of  retaining,  from  its  obliqui^^j', 
a  position  adapted  to  the  slope  of  the  writing,  while  to  the  eye  a  perfect  ec  ~ 
librium  is  preserved.  The  effect  of  the  third  nib  in  metallic  pens,  is  to  enable 
pen  to  carry  a  larger  quantity  of  ink,  and  to  force  it  down  in  uniform  and  nev 
tailing  succession  to  the  paper.     Every  time  such  pens  are  pressed  on  Uie  < 
strokes  of  the  writing,  the  ink  flows  in  a  body  towards  the  point  from  the 
of  capillary  attraction,  at  the  precise  time  when  it  is  most  wanted.  This  resnLC  k 
produced  by  the  third  nib  forming  a  conical  tube  with  the  other  nibs  of  the  p^^ 
with  its  smallest  end  downward,  and  always  causes  the  ink  to  flow  equally,  Mt 
much  on  the  centre  of  the  down-strokes  as  the  two  points  of  the  pen  itmeU 
The  capillary  attraction,  which  is  brought  into  operation  in  thn  ingenious  coih 
trivance,  completely  coimteracts  the  defects  existing  in  other  pens,  arising  from 
the  opening  in  the  slip  tapering  in  the  opposite  direction  to  that  which  is  nqoh 
site,  for  the  purpose  of  fairly  conveying  the  ink  to  the  paper ;  of  this  any  cat 
may  convince  himself  by  pressing  the  points  of  any  ordinary  pen  on  the  thunb- 
nail,  until  the  slit  opens  wide  enough  for  large-text  writing,  when  the  ink  will 
instantly  recede  from  the  points  towards  the  upper  extremity  or  angle  of  the 
slit.     Capillaxy  attraction  always  causes  fluids  to  flow  towuds  the  nairowcil 
part  or  opening  of  every  conical  tube ;  and,  therefore,  in  three-nibbed  pei% 
the  ink  is  forced  down  upon  the  paper,  and  the  thickest  ink  would  be  propeM 
downwards  most  effectually  by  the  action  of  the  three  nibe.  Another  stdvaiH^i 
of  the  third  nib  is,  that  it  clears  the  slit  of  the  pen,  removing  the  fibres  as  A^ 
are  gathered  from  the  paper,  thereby  removing  the  greatest  objection  thatkM 
hitherto  existed  to  the  use  of  metallic  pens. 

The  following  is  the  process  of  making  steel  pens,  as  witnessed  at  the  esi^ 
sive  and  well-conducted  manufactory  of  Messrs.  Mordan  &  Co.,  Castle  i^i 
Finsbury,  whose  liberality,  condescension,  and  urbanity  to  visitors  on  all  sees 
sions,  is  gratefully  acknowledged  by  many  individuals  who  have  in  vain  ea^ 
voured  to  obtain  a  sight  of  this  interesting  process  elsewhere.  A  hardened  iff 
punch  and  matrix,  of  the  exact  size  and  shape  of  the  pen  to  be  made,  biVi' 
been  attached  to  a  powerful  fly-press,  sheet  steel  of  the  finest  quality,  redof 
to  about  ^^  of  an  inch  in  thicknesi;,  and  in  strips  of  two  inches  and  a  half  vi 
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dken,  and  every  pen  is  struok  out  aingly,  till  the  metal  if  exhaiuted.  In  this 
te  the  pens  are  called  biankt  or  Jiats.  After  cutting  out,  the  next  operation 
oflening  or  annealing ;  this  is  performed  by  putting  a  great  number  of  the 
r  into  an  iron  box,  with  a  small  quantity  of  tallow  on  the  top  of  them ;  the  box 
1^  shut  up  close,  is  placed  in  a  lurnace,  and  there  kept  until  the  box  appears 
•  equally  heated  all  over.  The  box  is  then  withdrawn,  and  the  pens  emptied 
upon  some  hot  ashes,  covered  with  the  same,  and  left  to  cool  gradually.  By 
means  the  pens  are  sufficiently  softened  for  the  subseouent  process ;  but  as 
flats  are  very  rough  and  scaly  from  the  effects  of  tne  fiie,  they  are  first 
ned  by  being  placed  in  a  mechanical  agitator  with  sand,  ashes,  &c.,  and 
.  abaken  for  an  hour  or  two,  which  renders  them  remarkably  clean  and 
oili.  The  makers'  name  havine  been  stamped  on  the  shank  of  each  pen, 
the  apertures,  if  any,  cut  out,  tney  are  marced  for  the  slits.  This  is  done 
L  a  very  sharp  chisel,  worked  by  a  fl^-press,  and  so  exquisitely  adjusted  as 
'  to  cut  through  two-thirds  of  the  thickness  of  the  metal.  This  done,  the 
:  operation  is  the  dishing.  A  hardened  steel  punch,  of  the  precise  form  to 
iwen  to  the  pen,  being  attached  to  a  fly-press,  a  die  is  placed  beneath  to 
trm  it ;  the  die  being  concave,  and  the  punch  convex,  and  both  being  made 
a  to  fit  each  other  with  the  greatest  accuncy,  the  flat  is  forced  into  the 
:y  of  the  die,  and  retains  permanently  the  form  thus  given  to  it.  The  pens 
^  dished  are  next  hardened,  by  being  placed  in  the  iron  box,  and  heated  as 
■a  aoftening  process,  except  that  they  are  now  cooled  suddenly,  by  being 
im  into  a  vessel  of  cold  water  or  oil.  When  the  pens  are  quite  cold,  they 
mken  out  of  the  water,  and  placed  in  a  cullender  to  drain.  When  dry,  they 
Mst  into  the  agitator  with  a  quantity  of  sawdust,  and  shaken  for  a  conside* 
i  ttine,  which  cleans  and  polishes  them,  giving  a  degree  of  smoothness  and 
b  to  the  nibs  unattainable  by  any  other  method  equally  economical.  The 
Uor  is  an  ingenious  piece  of  mechanism,  invented  by  Mr.  Mordan ;  it  con- 
c€  a  large  tin  cylinder,  supported  horizontally  by  two  cranked  axles — one 
icber  end, — upon  a  strong  iron  frame ;  another  axle,  mounted  upon  anti* 
ioo  wheels,  at  the  end  of  the  machine,  carries  a  winch  handle  and  a  heavy 
rlieel ;  upon  this  axle  is  also  placed  a  driving  wheel,  a  rigger-band  from 
^  puts  the  crank  in  motion,  ana  communicates  a  very  rapid  elliptical  move- 
it  to  the  cylinder  and  its  contents.  By  this  contrivance  the  pens  are  very 
rtually  polished,  and  made  ready  for  the  next  process — tempering.  This  is 
e  by  placing  the  pens,  a  few  at  a  time,  on  a  stove,  heated  to  the  proper  tem- 
itnre  ;  so  soon  as  a  bright  blue  colour  is  obtained  they  are  removed,  this 
mr  denoting  the  temper  best  suited  to  steel  pens.  The  last  operation  is  that 
Qoeiiing  the  slits,  or,  as  some  call  it,  crackhtg  the  slits ;  this  smgular  process 
incted  by  placing  about  a  quarter  of  an  inch  of  the  pen's  point  between  a 
ir  of  smail  nippers,  and  pinching  them  suddenly,  when  the  slit,  which  w&s 
If  evt  two-thirds  of  the  way  through,  is  completed  by  the  giving  way  of  the 
■ninii^^  of  the  metal.  This  unique  process  fits  the  pen  for  immediate  use ; 
Bt  maaufacturers  add  a  coat  of  lacker,  but  this  is  not  of  much  real 

U  ass  often  been  supposed  that  other  materials  would  be  equally,  if  not  more, 
BdUe  than  steel,  for  Uie  manufacturing  of  pens;  those  persons  who  have  paid 
Oil  attention  to  the  subject,  however,  are  decidedly  of  opinion  that  no  kind  of 
itd^  however  fine  its  texture  may  be,  or  whatever  properties  it  may  possess, 
iB  aver  be  able  to  compete  with  fine  well-tempered  steel. 
Msoy  of  the  steel  pens,  as  now  manufactured,  we  find  of  excellent  quality ; 
my  mmdred  pages  of  this  work  have  been  written  with  one  pen,  in  a  uniform 
iMr  hsnd.  After  writing  with  it  about  forty  pages,  we  usually  renew,  and 
*«  nuch  improve  the  nibs  of  a  new  pen  by  a  few  touches  of  a  dry  Turkey 
tsw^  aiding  tne  sight  with  a  pair  of  magnifying  spectacles,  in  order  that  the 
ini  «f  the  cXftreme  end  may  be  duly  perfected ;  this  process  will,  however,  be 
flSil  difficult  of  accomplishment,  at  fint,  by  persons  unaccustomed  to  the  point- 
^rf  delicate  instruments,  and,  at  the  present  low  prices  of  the  article,  scarcely 
*it&  the  trouble ;  but  the  ability  to  perform  this  operation  at  pleasure  upon 
M  pens,  renders  a  person  very  independent  of  the  stationer's  shop. 

*0t.  II.  N  N 


PENa 

In  our  brief  account  of  this  novel  and  admirable  manufacture,  we  are  i 
of  having  omitted  to  notice  a  variety  of  excellent  steel  peni»  but  our  i 
space  compels  us  to  proceed  to  the  description  of  a  difierent  class. 

Fountam  Pent,  A  great  number  of  ingenious  attempts  have  been  i 
construct  pens  containing  a  reservoir  of  ink,  which,  by  a  slight  prMsnre 
handle,  or  other  part,  might  cause  a  fresh  supply  of  the  fluid  to  flow  to  d 
and  thus  superseae  the  necessity  of  an  ink-stand.  Of  this  kind  is  the  pm 
of  Mr.  Scheflfer,  manufactured  by  Messrs.  Mordan  &  Co.,  in  which  ihit  p 
of  the  thumb  on  a  projecting  stud  in  the  holder  causes  a  continuoua  m 
ink  from  the  reservoir  to  flow  into  the  pen. 

Mr.  Parker's  Hydraulic  Pen  is  a  more  recent  contrivance  for  tin 
purpose.  In  this  machine  a  piston  is  made  to  work  up  and  down  in  i 
drical  tube  by  means  of  a  revolving  nut  acting  upon  tne  piston  rod,  n 
tapped  with  a  corresponding  screw,  llie  small  orifice  at  the  bottom 
hoiaer  being  immersed  in  ink,  the  turning  of  the  upper  portion  of  the 
causes  the  piston  to  ascend,  and  the  tube  becomes  filled  with  ink ;  on  grs 
turning  the  nut  in  the  opposite  direction,  the  piston  descends  and  for 
ink  down  into  the  pen.  Mr.  Parker  has  taken  out  a  patent  for  his  inv* 
but,  if  we  mistake  not,  Mr.  W.  Baddelev  proposed  an  apparatus,  pi 
similar,  a  long  time  since ;  for  which  see  tne  Mechania'  Magetzme. 

As  a  description  of  all  the  contrivances  of  this  kind,  however,  would 
many  pages,  we  shall  limit  our  account  to  one  of  a  very  simple  and  unez] 
kind,  the  invention  of  a  correspondent  of  the  Register  of  Arts.  "  The 
made  of  two  quills;  the  top  one,  which  I  shall  call  No.  1,  and  the  other, 
Let  the  end  of  No.  1  be  made  air-tight,  by  droppine  inside,  to  the  bol 
small  piece  of  cobbler's  wax,  and  then  warming  it  a  little :  fill  this  near 
ink, — say  about  a  quarter  of  an  inch  from  the  brim, — then  take  a  smal 
of  cambric  and  cover  the  top  of  it,  so  that  the  ink  may  not  drop  out;  jo 
quills  together,  by  putting  No.  1  into  Na  2,  and  the  pen  is  ready  1 
when  you  want  to  write,  take  the  pen  in  your  right  hand,  give  a  gendi 
on  your  left  hand,  or  on  a  table,  and  the  ink  will  run  down  into  the  pen 
diately ;  this  must  be  repeated  every  time  ink  is  wanted.  A  pen  of  th 
will  be  found  very  useful  to  reporters  and  to  persons  travelling.  The  pen 
be  put  into  a  little  case  to  carry  it  about." 

Pens  {draunng), — By  this  term  is  commonly  understood  the  mec 
drawing-pens,  consisting  of  a  pair  of  delicately-formed  steel  blades,  the 
which  are  drawn  together  and  adjusted  by  meana  of  a  fine  set-aerew 
pens  are  mounted  with  handles  of  various  materials,  but  those  of  ivory  oi 
are  deservedly  preferred.  These  instruments  are  manufactured  by  Mr. 
of  High  Holbom,  in  the  highest  perfection.  The  extremities  of  the  steel 
which  form  the  pen  should  oe  very  narrow  ellipses,  and  should  perfecti; 
without  the  minutest  projection  of  one  piece  over  the  other.  The  outadi 
elliptical  end  should  be  rubbed  on  a  hone  until  it  is  as  thin  as  the  td{ 
knne :  in  this  state  the  points  would  cut  the  paper ;  but  the  shaipmem  i 
taken  off  by  gently  drawing  them  over  the  stone  upon  their  edges,  and  fii 
them  upon  a  soft  polishing-stone.  A  smoothness  is  thus  ^ven  to  their 
which  makes  them  glide  over  the  paper,  although  they  wiU  still  be  left 
that  their  edges  can  scarcely  be  discerned.  By  this  management,  linea  ] 
drawn  while  the  points  of  the  pen  are  at  a  distance  from  each  other,  n 
ceptibly  exceeding  the  breadth  of  the  lines  produced,  which  is  of  conaci 
not  only  to  the  equable  flow  of  so  viscid  a  fluid  as  Indian  ink,  but  to  eb 
a  well-defined  stroke. 

A  drawing-pen  was  lately  presented  to  the  Society  of  Arts,  by  Mr. 
Donkin,  which  he  had  brought  from  France.  It  is  calculated  to  make  ] 
only  one  uniform  thickness:  the  cavity  which  contains  the  ink  being  a 
all  round,  keeps  it  free  from  dust,  and  prevents  it  from  drying,  and  d 
the  drawing-point  so  quickly  as  those  of  the  ordinary  construction.  1*1 
the  following  page)  shows  the  pen,  with  the  handle  broken  off;  a  and  h  i 
two  limbs,  jointed  at  c,  and  held  close  by  the  sliding  ring  d;  the  dotiii 
represent  the  upper  portion  a  as  opened,  to  receive  the  ink,  with  the 
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didden 
leparate 


back  beyond  the  joint     Fig.  2  shows  the  underside  of  the  limb  a,  in  a 
*  state ;  at  e  is  the  hde  to  receive  the  centre-pin ;  e  is  the  cavity  for 
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ink ;  g  g,  notches  for  receiving  two  projecting  pieces^  as  shown  at  /  In 

An  extremely  simple  and  inc^enious  mode  of  making  a  drawing- 
m  of  the  last-mentioned  kind  (that  is,  to  make  a  line  of  only  one 
tluckness,)  was  invented  b^  Mr.  Robert  Christie ;   and  havine 
made  several  according  to  his  instructions,  which  answer  very  weU 
tbr  tracing,  as  it  moves  with  equal  facility  in  any  direction,  we 
n&sert  a  notice  of  it  in  this  place.    The  annexed  cut  represents 
one  of  these  pens,  in  a  neatly-turned  handle;  but  we  maae  them 
at  the  solid  end  of  black-lead  pencils,  for  the  convenience  of  readily 
unng  either  lead  or  ink.   The  process,  as  directed  by  Mr.  Christie, 
^  as  follows : — ^A  piece  of  sealing-wax,  about  the  size  of  a  mar- 
fvwht  pea,  is  to  be  stuck  upon  the  end  of  the  pencil,  by  melting  it, 
fcnning  thereby  a  bulb,  into  which  are  to  be  inserted  three  darning- 
needles,  by  wanning  their  eyes  in  the  flame  of  a  candle,  and  then 
Innyme  tnem  in  the  wax,  at  equal  distances  apart,  around  the 
ciitumference  of  the  pencil,  with  their  points  extending  about 
tiffee-quarters  of  an  inch  beyond  the  end  of  it;   but  brought 
^ther  so  as  to  meet  as  accurately  as  possible  at  a  common 
mg,  forming  the  outline  of  a  triangular  pyramid :  to  secure  them, 
VMther  piece  of  wax,  about  the  size  of  a  grain  of  wheat,  is  to  be 
Aeed  midway  between  the  bnlb  and  the  points,  and  secured  there 
WmeHing  it.    The  very  acute  points  of  the  needles  are  to  be  taken 
V  by  light  rolling  touches  upon  an  oil-stone,  and  the  raggedness, 
^iiitde  fine  emery-paper,  so  as  to  produce  an  obtuse,  conical  end; 
ve  pen,  when  thus  completed,  has  of  course  a  very  fine  triangular 
oBle  between  the  needle-points,  through  which  the  ink  uniformly 
^ovs.    We  have  seen  some  of  these  pens  made  by  inserting  the 
Jecfies  into  drilled  holes,  made  in  metal,  at  the  end  of  neat 
Btftdles,  in  which  the  needles  were  so  nearly  brought  together 
^'bre  iktj  are  inserted,  as  not  to  need  the  smaller  bulb  nearest 
tethe  points.    The  ink*flow8  fi-eely  in  them,  and  there  is  the 
>toie  facility  in  using  them  as  a  finely-pointed  H  H  H  black-lead 
PoidL    They  answer  well  for  tracing,  as  before  observed;  but  we 
vQot  think  them  eoual  to  the  common  forcepe-formed  drawing- 
P^  for  ruling  clear  lines. 

,  Btfyu^-pem,  for  common  use,  are  made  by  doubling  a  piece  of 
^^^ite  together,  and  rounding  the  ends,  the  middle  being  bellied 
^the  reception  of  ink.  Pens  of  this  description  were  constantly 
^  for  nuing  acconnt-books,  &c.,  previous  to  the  introduction 
4  ^e  niling-machine,  which  entirely  superseded  hand-ruling. 


m  PENCIL. 

lliiling-pens  for  the  machine  an  made  of  thin  theet-hraaa  or  latten,  in  ]on^ 
■tripe,  the  pens  being  cut  on  the  edge,  and  folded  together  at  varioua  diatanceg, 
according  to  the  pattern  to  be  executed.        ! 

Afutk-pens  are  made  for  ruling  the  five  staves  of  music  at  once ;  they  eonuft 
of  a  parallelogram  of  brass,  terminating  in  five  slit  points,  communicating  with 
a  small  reservoir  above,  in  which  the  ink  is  placed.  They  are  fitted  with  a 
handle,  in  the  hollow  of  which  a  small  ]Hece  of  brass  is  carried  for  cleaning 
out  the  ink  passages  of  the  pen.  The  accompanying  engraving  shows  the  cou- 
•truction  of  this  very  useful  and  ingenious  apparatus. 


Dottvig-pefiSf  for  writing  music,  consist  of  a  small  brass  cylinder,  in  which  a 
pin  of  the  same  material  works  vertically,  being  kept  down,  and  projecting 
about  the  tenth  of  an  inch,  by  a  spiral  spring  in  the  upper  part  of  the  pen. 
An*  elliptical  opening,  about  halfway  up  the  pen,  receives  uie  ink.  When, 
placed  upon  the  paper,  the  brass  pin  recedes,  and  causes  the  ink  to  make  a 
round  black  spot  on  the  paper,  forming  a  note, — the  tail  being  supplied  after- 
wards with  a  common  pen. 

PENCIL.  An  instrument  used  by  painters  for  laying  on  their  ooloun; 
they  are  of  various  kinds.  The  larger  sorts  are  made  of  boars'  bristles,  the 
thick  ends  of  which  are  bound  to  a  stick,  large  or  small,  according  to  the  usea 
they  are  designed  for ;  these,  when  large,  are  termed  brushes.  The  finer  sorta 
of  pencils  are  made  of  camels'  hair,  also  badgers'  and  squirrels'  hair,  and  of  the 
down  of  swans ;  tliese  are  tied  at  the  ends  by  a  piece  of  thread  to  keep  the 
hair  from  spreading,  and  the  other  ends  are  enclosed  in  the  barrels  of  quflla  of 
▼arious  sizes,  suited  to  the  pencil,  some  of  which  are  of  small  birds,  as  thoia 
used  for  drawing  lines,  and  in  miniature  paintine.  The  usual  test  of  a  good 
pencil  is  to  draw  it  between  the  lips,  when  it  should  come  out  with  a  ihaip^ 
conical,  and,  as  it  were,  solid  point. 

Pencil  is  also  an  instrument  used  for  drawing  and  writing,  made  of  long 
slips  of  black-lead,  chalk,  or  crayon,  placed  in  a  groove  made  in  the  centre  of 
a  stick  of  wood,  usually  cedar,  on  account  of  the  facility  of  cutting  it  The 
very  common  black-lead  pencils  that  are  hawked  about  are  a  composition  ef 
powdered  black-lead  and  melted  sulphur.  Their  melting,  or  softening,  or  yielding 
a  bluish  flame,  on  application  to  the  flame  of  a  candle,  betrays  uieir  oompo- 
sition.  The  genuine  black-lead  pencils  are  made  of  the  fine  Cumbeiland  plnm* 
bago,  sawed  mto  slips,  fitted  into  the  grooves,  and  having  another  piece  shied 
over  them.  The  pure  plumbago  is,  it  is  said,  too  soft  to  enable  an  artitl  to 
make  a  fine  line ;  to  produce  this  cflect,  a  hud  resinous  matter  is  intimatdy 
combined  with  the  lead  in  the  following  way,  which  is  said  to  be  the  inventioo 
of  Mr.  Cornelius  Varley.  Fine  Cumberland  lead,  in  powder,  and  shell-lac  art 
first  melted  together  by  a  gentle  heat  This  compound  is  then  reduced  to  powdv 
again  and  re-melted ;  then  powdered  again  and  re-melted,  until  both  aubatancea 
are  perfectly  incorporated,  and  it  has  acquired  a  perfectly  uniform  conaiateneat 
The  mass  is  then  sawed  into  slips,  and  glued  into  the  cedar  mountinga  in  tha 
usual  manner  of  making  other  black-lead  pencils.  To  render  them  of  ▼ariooi 
degrees  of  hardness,  the  materials  are  difierently  proportioned ;  the  hardart 
having  the  most  shell-lac,  the  softer  but  very  little,  and  the  softest  none ;  and 
their  blackness  is  increased  in  proportion  to  their  softness. 

Mordan's  *'  ever-pointed  pencils  "  were  the  subject  of  a  patent  granted  t^ 
Hawkins  &  Mordan,  in  1823.     The  pencil-case  has  a  slider,  actuated  hj  •• 
screw  for  the  purpose  of  projecting  forward  a  little  cylinder  of  black-lead^  m  ib 
wears  away,  which  is  done  by  holding  the  nozzle  iu  one  hand,  and  turning  raanif 
the  pencil-case  with  the  other,  the  thickness  of  the  lead  being  lo  small  aa  not 
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fojtdng  for  the  ordinary  putpoaet  of  a  pockei-penci).  FSa  1  is 
f  the  pencil-case )  A  the  black-lead  or  crayon,  eneompaited  by  the 
Kdi,  with  the  whole  of  the  case,  is  made  of  metal,  uinauy  sOver.  B 
nr,  being  a  hollow  cylinder  with  a  screw-thread  round  a  part  of  it ; 


.^^un<t 


^^J^^^J^ 


0 


of  this  screw  the  black-lead  is  inserted  and  held  &st ;  C  is  the  don- 

of  the  driver,  which  passes  through  the  guide  D ;  at  £^  within  the 

k  another  cylindrical  piece,  connected  to  the  nozzle  at  one  end,  and 

the  other  a  hollow  screw  that  works  round  on  the  thread  of  the 

ndy  as  it  turns,  causes  the  projector  to  advance  or  recede^  as  may  be 

Hiese  pencil-cases  have  had  an  immense  sale,'and  have  been  improved 

tariety  of  ways  durine  the  last  ten  years. 

TLUM.    A  vibrating  lever  or  suspended  weight    See  Horoloot. 
OCK.    A  sluice  or  floodgate,  serving  to  retain  or  let  go  at  pleasure 
if  a  miU-pond. 

IL  A  well-known  spice,  of  which  there  are  three  kinds,— the  hlack, 
■nd  the  hmf  pepper ;  to  these  we  may  now  add  a  fourth,  bleached 
patent  process  which  the  black  pepper  undergoes  in  this  country  to 

ipper  is  cultivated  with  such  success  at  Malacca,  Java,  and  especially 
ly  that  from  these  islands  pepper  is  exported  to  every  part  of  the 
re  a  regular  commerce  has  been  established.  The  nound  chosen  for 
arden  is  marked  out  into  regular  squares  of  six  feet,  the  intended 
*  the  plants,  of  which  there  are  usually  a  thousand  in  each  garden, 
r  vines  are  supported  by  chinkareens,  which  are  cuttines  of  a  tree  of 
planted  on  purpose.  Two  pepper  vines  are  usuallv  pUmted  to  one 
\f  round  which  the  vines  twist  for  support.  After  being  suffered  to 
hree  years,  they  are  cut  off  about  tnree  feet  from  the  ground,  and, 
ioed  from  the  prop,  are  bent  into  the  earth  in  such  a  manner  that  the 
is  letumed  to  the  root  The  fruit,  which  is  produced  in  long  spikes,  is 
I  months  in  coming  to  maturity :  the  hemes  are  at  first  green,  turn 
n4  when  ripe  and  in  perfection,  and  soon  fall  off  if  not  sathered  in 
I.  By  dfying  they  become  black,  and  more  or  less  shrivelled  according 
pee  of  maturity. 

imon  white  pepper  is  the  fruit  of  the  same  plant,  differently  prepared. 
)d  in  water,  and  then  exposed  to  the  heat  of  the  sun  for  several  days, 
1  or  outer  bark  loosens;  it  is  then  taken  out,  and  when  it  is  half 
I  till  the  rind  falls  off;  and  the  white  fruit  remaining  is  dried  in  the 
tat  deal  of  the  heat  of  the  pepper  is  taken  off  by  this  process,  so  that 
dnd  is  more  fit  for  many  purposes  than  the  black. 
r  pepper  is  a  dried  fruit,  of  an  inch  or  an  inch  and  a  half  in  length,  and 
luckness  of  a  large  goose-quill ;  it  is  of  a  brownish  grey  colour,  cylin- 
nire,  and  said  to  be  produced  on  a  plant  of  the  same  genus.  It  is  a 
be  East  Indies,  especially  Java,  Malabar,  and  Bengal.  This  fruit  is 
ht  taste  in  its  immature  state,  and  is  therefore  gathered  while  green^ 
by  the  heat  of  the  sun,  when  it  changes  to  a  blackish  or  darx  grey 
^.  Cullen  observes,  that  long  pepper  has  precisely  the  same  quafitiey 
of  Uack,  but  in  a  weaker  degree. 

ithod  of  preparing  the  bleached  pepper  appears  to  be  engrossed  by 
1,  of  London,  who  has  taken  out  two  patents,  one  in  1828,  the  other 
By  the  specification  of  the  first  we  are  informed  that  the  common 
»er  if  steeped  in  water  for  a  day  or  two^  then  laid  in  heaps,  and  occa- 
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tioiiAll J  tarned ;  fermentatioii  ensQM,  and  in  a  tsptee  of  Ume^  wjiag  ftwn  a 
HBMk  to  a  monU),  the  outer  or  black  skin  banta  and  kSk  oft  Tne  pep|Mr  ia 
iSken  Uoadied  by  ozymuriate  of  lime,  nilphur,  or  other  vall-kaown  maana. 
This  done,  it  is  washed,  and  lastly  dried  in  the  air,  or  in  an  oven.  Blade  poppor 
thus  metamorphosed,  so  exactly  resembles,  it  is  said,  the  genuine  white  pepper 
as  to  deceive  experienced  dealers.  In  the  second  patent,  Mr.  Fulton's  oaim 
seems  to  be  in  the  inverse  ratio  of  his  invention ;  for  he  has  invented,  he  aays, 
the  appfication  of  acommon  croat  or  bariejr-mill  to  the  deaiMiBg  of  pepper  from 
the  nuslu,  and  he  claims  ttie  exdusive  right  to  use  all  soita  of  madiinery  in 
preparing  pepper. 

The  public  should  be  upon  their  euard  against  the  qnantitiea  of  spurious 
pepper,  ooth  whde  and  ground :  the  latter  is,  of  course,  easily  oountarfeited ; 
but  the  manufacture.of  the  former  is  somewhat  ingenious.  The  pepper  dual  liromi^ 
tile  sweepings  of  warehouses  is  mixed  with  oil-cakoi  and  rdled  up  into  littler 
balls  resembling  pepper. 

PERCUSSION,  Centre  of,  in  any  body  or  system  of  bodies  revdvii^ 
a  point  or  axis,  is  that  point  which,  striking  an  immovable  object,  tha 
mass  shall  not  incline  to  either  side,  but  rest  in  equilibrio  without  actui|^  i 
centre  of  suspension.    If  a  person  attempt  to  strike  any  ofcjeet  wiUi  a  atndlgb^- 
stick,  and  do  not  strike  it  in  the  centre  of  percussion,  a  oonsideraUe  jarring  wr~~ 
occur,  which  will  not  be  felt  if  the  blow  be  given  in  that  point     In  a  atraigj 
stick  of  eoual  thickness,  the  centre  of  percussion  is  two-thirds  of  the  length 
the  stick  nrom  the  axis  of  motion.     Generally,  the  distance  of  the  centre 
percussion  from  the  centre  of  motion  is  equal  to  the  sum  of  the  producta  of  i 
particle  of  the  body,  by  the  square  of  its  distance,  divided  by  tfie  prodbct 
the  whole  mass  by  the  distance  of  its  centre  of  gravity  from  the  axii 
motion. 

PERCUSSION  POWDER.    Take  two  parte  of  the  chlorate  of  potaah, 
one  of  antimony ;  they  must  be  separately  levigated  to  an  impalpable  powd.*^,,, 
in  a  marble  mortar,  and  mixed  together  with  an  ivor^  knife ;  to  granulate  it  ^  it 
must  be  made  into  a  thick  paste,  with  spirits  of  wine,  m  which  must  be  dissd^r  <tf 
a  little  gum  mastic  to  make  it  adhesive ;  and,  by  forcing  it  through  a  hair  si^-«i^ 
it  will  be  formed  into  grains.     Four  parts  of  potash,  and  one  of  antimony,  ^^wS 
detonate ;   but  this  mixture  was  found,  after  a  great  number  of  triak  hy   m 
eminent  chemist,  not  to  be  sufficiently  strong  to  be  depended  upon.     See  i 
DxTONATiNo  Powders. 

PERPETUAL  MOTION  is  that  which  possesses  within  itself  the  princ^ 
of  motion ;  and,  consequently,  since  every  body  in  nature,  when  in  mofio^ 
would  continue  in  that  state,  everv  motion  once  begun  would  be  perpetnd  bit 
for  the  operation  of  some  extenial  causes ;  such  as  those  of  friction,  resistaiw, 
&c. ;  anu  since  it  is  also  a  known  principle  in  mechanics,  that  no  absofate 
power  can  be  gained  by  any  combination  of  machinery,  except  there  beings  it 
the  same  time,  an  equal  gain  in  an  opposite  direction ;  but  that,  on  the  contrsiy, 
there  must  necessarily  be  some  lost  from  the  above  causes,  it  follows  that  ap^ 
petual  motion  can  never  take  place  from  any  purely  mechanical  oombinatiaif 
yet  this  is  a  problem  which  has  engaged  the  attention  of  many  ingenious  sMii 
from  the  earliest  period  to  the  present  time,  though  it  has  but  seldom  biii 
attempted  by  men  of  science  since  the  true  laws  of  mechanics  have  been  so  «iB 
established. 

PERSIAN  WHEEL.     See  Htdkaulic  Machines. 

PERSPECTIVE.    The  art  of  delineating  objects  on  any  given  suite « 
they  would  appear  to  the  eye  if  that  surface  were  transparent,  and  the  olsi^ 
themselves  were  seen  through  it  from  a  fixed  situation.    Thus,  if  on  koki 
through  a  window  at  any  object  we  were  to  trace  over  all  the  lines  ef ' 
object  on  the  glass,  carefully  keeping  the  eye  in  precisely  the  same  positiov 
the  time,  we  should  make  a  perspective  drawing  of  the  object,  and  the  f 
would  be  termed  the  plane  of  delineation.     Every  true  perspective  pida 
therefore,  an  exact  copy  of  the  order  in  which  the  rays,  proceeding  hoi 
d>ject  represented,  would  intercept  in  their  passage  to  the  eye  a  transf 
plane  at  right  angles  to  the  direction  in  which  the  eye  viewed  that  r 
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liieh  plane  it  the  pUme  of  delineation  of  the  picture,  which  is  hiive  or  BmaU, 
eordinr  to  itM  distance  from  the  eye.  It  does  not  form  a  part  of  the  plan  of 
it  work  to  give  a  treatise  on  the  art  of  drawing  in  perspectiye ;  and  die 
»ing  observations  have  been  chiefly  made  as  introductory  to  the  next 


PERSPECTIVE  INSTRUME>?TS.  A  mechanical  contrivance  designed 
fkcilitate  the  making  of  drawings  in  perspective,  especially  by  such  persons 

0  are  unacquainted  with  the  rules  by  which  it  is  performed.  Some  of  these 
tnunents  are  on  optical  principles,  such  as  the  camera  obscura,  and  the 
aera  ludda,  abready  noticed  under  their  proper  heads.  In  praise  of  the 
mr  miicb  has  been  lately  said,  and  although  it  must  be  admitted  to  be  a  very 
table  askd  beautiful  instrument,  the  acquisition  of  the  art  of  using  it  is 
remely  difficult  to  all,  and  to  some  persons  impossible.  Its  chief  use  will  be 
t  of  affinrding  the  means  of  contemplating  the  real  perspective  appearance 
oljects,  and  perhaps  lo  obtain  the  position  of  a  few  points,  but  for  very 

'  delineation  it  is  of  little  value.  One  of  the  simplest  mechanical  contn- 
for  taking  successively  on  the  perspective  plane  the  various  points  of  an 
or  landscape,  and  marking  them  down  on  paper  with  accuracy,  was  long 
deacribed  by  Ferguson,  to  whom  the  knowledge  of  it  was  communicated 
Dr.  BcTis.  It  consisted  of  an  oblong  rectangular  board,  across  the  middle 
wliieh  was  attached  by  hinges  a  movable  frame,  the  sides  of  which  were 
naad  of  two  equal  circular  arcs,  that  met  together  at  the  top  in  the  man- 
r  of  a  gothic  arch.  To  the  centre  of  each  of  these  arcs  was  attached  a  cord, 
»  other  ends  of  which  were  fastened  to  sliding  pieces  traversing  their  respec- 
e  arcs ;  these  cords  therefore  crossed  each  other,  and  by  moving  the  slides  to 
J  |MUt  of  the  opposite  arcs,  the  cords  might  be  made  to  intersect  each  other 
any  point  in  the  plane,  or  space  between  the  arcs.  The  eye-piece,  or  hole 
raiigfa  which  the  object  to  be  drawn  is  viewed,  is  fixed  to  a  slide  in  the  centre 
one  end  of  the  board,  and  the  distance  between  the  eye  and  the  plane  of 
tHneation  may  be  thus  varied  to  increase  or  diminish  the  size  of  the  picture, 
a  that  half  of  the  board  between  the  frame,  (when  the  same  is  turned  upright 

1  ili  hinges,)  and  the  object  viewed,  the  paper  to  be  drawn  upon  is  pinned 
Mvn.  It  win  now,  we  think,  be  plain,  that  to  mark  down  the  exact  position 
P  tny  point  in  a  picture,  it  is  only  necessary  to  move  the  slides  so  that  the 
Olds  shall  intersect  at  that  point ;  having  thus  found  it,  the  arched  frame  is 
ten  turned  down  upon  its  hinges  flat  upon  the  board  or  paper  thereon,  a  mark 
I  then  made  on  the  latter  at  the  point  of  intersection  of  the  cords.  Suppose 
be  mark  thus  made  indicates  the  extremity  of  the  parapet  of  a  building,  the 
^ides  being  then  moved  so  as  to  intersect  the  cords  at  the  other  extremity,  that 
^obt  Is  also  found,  and  the  frame  again  turned  down  to  mark  it ;  then  by  con- 
>eeifaig  these  two  points  on  the  paper  by  a  line,  the  precise  inclination  and  per- 
fictive  measurement  is  infallibly  correct,  and  by  proceeding  to  work  in  this 
limner,  all  the  outlines  of  an  entire  picture  may  be  accurately  laid  down. 

Many  instruments  have  been  contrived  for  nnding  the  various  perspective 
Nats,  bat  the  process,  it  must  be  allowed,  is  extremely  slow ;  even  the  most 
iiaple  figure  would  require  to  have  many  points  found  in  it  before  its  outline 
^  be  produced ;  and  if  it  consisted  of  curved  or  irregular  lines,  many  more 
Nuts  most  be  ts^en  in  each  curve  to  get  a  correct  delineation. 

Mr.  F.  Ronalds,  of  Croydon,  has,  however,  contrived  and  patented  an  appa- 
iltH^  by  which  the  Imes  AenuelveSf  of  whatever  form  or  arrcmgement  they  may 
^wuybe  drawn  directly  from  the  object  with  the  same  facility  as  tracing  them. 
'^  operation  simply  consists  in  causing  a  small  bead  to  traverse  in  the  plane 
tf  Mneation,  but  the  bead  cannot  make  any  movement  whatever  without  a 
9*eil  mechanically  attached  to  it,  which  traces  down  on  paper,  lines  precis^y 
<m«i|p(mdiiig  with  the  figure ;  in  other  words,  while  the  bead  traverses  over 
^tmes of  the  object,  the  pencil  moving  with  it  does  of  necessity  make  an 
■■■litaj  per^Mctiye  drawing.  Rg.  2,  in  the  following  page,  gives  a  jierspeeUye 
^ef  one  of  the  forms  of  the  complete  instrument  m  the  manner  it  is  used, 

*>Kpt  that  the  legs  on  which  it  stands  are  cut  off  to  save  space.     But  in 

<Hir  fiiat  the  reader  may  easily  comprehend  its  action,  we  snbjom  the  annexed 
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.■Mn,  DIiubratiTe  of  the  prindple.    The  itutniiimit  ooDrfrta  «f  a  Mtaigku. 

it,  moving  horizontally  on  two  rollen  tUached  to  the  ttUtj  /I  an  tm^ 
t  bin  fixed  at  right  ujglei  to  the  bar  e  e,  and  to  each  other,  dw  fccBM*.— 


lying  on  the  drawing  paper  (hariionlaUv),  the  latter  placed  perpendtcuhriv'  / 
the  plane  of  the  picture,  all  bein^  attached  tt^ther :  if  the  Mr/  be  moreA  tr 
file  right  or  left,  the  verticul  rod  /  will  slide  on  the  mllen  in  a  vertical  plaae^  n 


the  pjane  of  delineation. 

In  fig.  3;  to  thif  pencil  a  lilk  thread 


Tothe  har/ia  adapted  a  aliderwith  ■  pencit  mib« 
""■  *'•— ^   -  '-—-led,  wUch  pawM  under  «  polle^rii 


the  comer  where  all  the  ban  meet ;  tlience  it  proceedi  upwarda,  parsDd  la  A 
bar  I,  (at  which  part  it  carries  the  «maU  bead,)  and  finally  paaua  onr  ajA 
at  the  top,  having  a  little  weight  which  falli  down  the  bar  or  tube  /  attacM 
lt>  other  end. 

It  will  now  be  evident,  that  if  we  move  the  ilider  with  the  pencil  n 
horizontal  bar,  the  weight  attached  to  it  hy  meaiii  of  the  lilk  thread  mMl 
or  fall  through  an  equal  apace,  and  with  it  the  bead  placed  upon  It; 
whether  the  pencil  be  mov^  to  the  ri^bt  or  left,  or  along  the  bar^,  lU 
muit  move  in  the  aame  direction,  but  in  a  plane  at  right  anglea  to  it.  tt 
explained  theie  two  motioni,  it  follows  that  every  coinbinati<Hi  of  them,  wt 
in  curved  or  itnight  linei,  nuat  be  aimilartj  performed  both  by  the  bei 

in  niiiig  the  initrument,  it  ii  reqtiiaile  to  afrange  the  light-hole,  altac 
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)  bar  T,  (through  which  alone  the  operator  muBt  uie  his  eye  in  sketchiiiff,) 
1  the  pontion  of  the  bead  on  the  thread,  so  as  to  get  the  drawing  within  ttie 
ita  of  the  drawing  paper.    The  handle  which  is  attached  to  the  slider  with 

pencil  by  an  imiyersal  joint,  must  now  be  moved  about,  causing  the  bead  to 
rerse  over  every  line  of  the  object,  which,  being  marked  down  by  the  pencil, 
have  a  fac-simile  of  the  motions  of  the  bead  on  the  plane  of  delineation. 
5  hare  in  this  most  ingenious  instrument  a  simple  and  elegant  adaptation  of 

foundation  laws  of  me  science  of  perspective ;  it  may  be  called  a  teacher 
perspective  as  well  as  a  perspectograph.  These  instruments  are  constructed 
various  sizes,  and  packea  in  cases,  including  a  book  of  instructions,  at  very 
derate  charges.  They  are  manufactured  by  Messrs.  Holtzapfell,  of  Charing 
WBf  in  the  best  style  of  workmanship. 

PETRIFACTIONS.  Stony  matters  deposited  either  in  the  way  of  wcrusta- 
D,  or  within  the  cavities  of  organised  substances,  are  called  petrifSustiont. 
Icareous  earth  being  universally  difiused,  and  capable  of  solution  in  water, 
her  alone,  or  by  the  medium  of  carbonic  acid  or  sulphuric  acid,  which  are 
ewise  very  abundant,  is  deposited  whenever  the  water  or  the  acid  becomes 
sipated.  Incrustations  of  limestone  or  of  selenite,  in  the  form  of  stalactites, 
dropetones,  are  formed  in  this  way,  from  the  roofs  of  cavenis,  and  in  various 
Mr  situations.  Some  remarkable  observations  relatmg  to  petrifactions  are 
m  ^jen  by  Kirwan : — 

1.  That  tnose  of  shells  are  found  on  or  near  the  surface  of  the  earth ;  those 
fiih  deeper,  and  those  of  wood  deepest    Shells  in  specie  are  found  in  im- 

Boaequantities  at  considerable  depths. 

2.  That  those  oreanic  substances  that  resist  putrefaction  most  are  frequently 
and  petrified,  such  as  shells  and  the  harder  species  of  woods :  on  the  con- 
iry,  those  that  are  aptest  to  putrefy  are  rarely  found  petrified,  as  fish,  and  the 
rar  parts  of  animals,  &c. 

3.  That  they  are  most  commonly  found  in  strata  of  marl,  chalk,  limestone, 
'  day,  seldom  in  sandstone,  still  more  rarely  in  gypsum,  but  never  in  gneiss, 
"anite,  basaltes,  or  shorl ;  but  they  sometimes  occur  among  pyrites,  and  ores 
"  iron,  copper,  and  silver,  and  almost  always  consist  of  that  species  of  earth, 
one,  or  other  mineral  that  surrounds  them,  sometimes  of  silex,  agate^  or  car- 


4.  That  they  are  found  in  climates  where  their  originals  could  not  have 
QUid. 

£.  That  those  found  in  date  or  clay  are  compressed  and  flattened. 

PETROLEUM.  A  fluid  bitumen,  of  somewhat  greater  consistence^  than 
ifihtha,  of  a  black,  brown,  or  sometimes  dingy  green  colour.  By  exposure  to 
keair,  it  assumes  the  consistence  of  tar,  and  is  then  called  mmeml  tar.  This 
ibitance  exudes  spontaneously  from  the  earth,  or  from  clefts  of  rocks,  and  is 
mad  nearly  in  all  countries.  Near  Rangoon,  in  P^u,  there  are  several 
aodred  weUs  of  petroleum,  which  are  carenilly  preserved,  and  jrield  annually 
QQ^OOO  hogsheads.  At  Colebrook-dale,  in  Shropshire,  there  is  a  connderable 
Priag  (tf  p^roleum,  from  which  large  iron  pipes  are  employed  to  convey  it  into 
its  nmk  to  receive  it.  From  these  pits  it  is  conveyed  mto  caldrons,  in  which 
til  boiled  until  it  attains  the  consistence  of  pitch.  Since  the  first  discovery  of 
Mi  Bobftanee^  three  difierent  springs  of  it  have  broken  out :  one  of  these  is 
ttv  the  celebrated  iron  bridge,  and  the  fluid  which  issues  from  it  is  almost 
yiftirid,  but,  at  the  same  time,  thicker  than  treacle.  Petroleum  easily  takes 
*|^  md  in  burning  yields  a  strong,  sharps  and  somewhat  unpleasant  odour ;  a 
m  and  disagreeable  smoke.  In  cold  weather  it  congeals  in  the  open  air. 
^t  ii  used  instead  (tf  oil  for  lamps  in  some  places ;  also,  when  combined  with 
'•lioaB  matters^  in  painting  timber,  and  is  supposed  to  check  and  prevent  the 
^Ana  nmges  (tf  the  worm  upon  the  bottoms  of  ships  coated  with  it 

HSWt£r,  which  is  commonly  called  itain  in  France,  and  generally  con- 
JJBded  there  with  true  tin,  is  a  compound  metal,  the  basis  of  which  is  tin. 
(Wbsst  sort  consists  <^  tin,  alloyed  with  about  a  twentieth  or  lest  of  copper,  or 
^tettetsDie  bodies,  as  the  experience  of  the  workmen  has  shown  to  l»e  Uie  meet 
*i>ifbdrt  to  the  improvement  of  its  hardness  and  colour,  such  as  lead,  jEin<^ 

^^  II.  o  o 
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bismuth,  and  antimony.  There  are  ihree  sorts  of  pewtcir,  distinguiahed  by  tb 
names  of  plate,  trifle,  and  ley-pcwter.  The  first  was  formerly  much  used  to 
plates  and  dishes ;  of  the  second  arc  made  the  pints,  quarts,  and  other  measun 
of  beer ;  and  of  the  ley-pewter,  wine  measures,  and  large  vessels.  The  be 
sorts  of  pewter  consist  of  17  parts  of  antimony  to  100  parts  of  tin;  but  th 
French  add  a  little  copper  to  this  kind  of  pewter.  A  very  fine  silver-lookin 
metal  is  composed  of  100  pounds  of  tin,  8  of  antimony,  one  of  bismuth,  an 
four  of  copper.     On  the  contrary,   the  ley-pewter,  by  comparing  its  specifl 

fravity  with  those  of  the  mixture  of  tin  and  lead,  must  contain  more  than 
fth  part  of  its  weight  of  lead. 

PHANTASMAGORIA.  The  exhibition  called  by  this  name  is  performed  b 
means  of  a  magic  lantern,  constructed  on  a  large  scale.  In  the  common  magi 
lantern  the  figures  are  painted  on  the  glass,  and  all  the  rest  of  the  glass  is  £: 
transparent ;  but  in  the  phantasmagoria  the  whole  of  the  glass  is  made  opaqni 
except  the  space  taken  up  by  the  figures  painted  with  the  transparent  c<Moiin 
hence  this  diiference  in  the  effect  is  produced,  that  no  light  falls  upon  the  acree 
but  what  passes  through  the  figures  themselves,  consequently  there  is  no  cirde< 
light,  nor  any  thing  but  the  figures  on  the  screen.  Let  the  door  of  a  darkene 
room  in  which  the  exhibition  is  to  be  seen  be  set  wide  open,  and  its  place  au{ 
plied  with  a  screen  of  thin  silk,  or  fine  linen,  or  of  paper  rendered  transpaxeu 
From  the  outside  of  the  room  let  the  pictures,  pamted  as  above  described,  fa 
thrown  upon  the  screen,  of  a  very  minute  size.  They  will  immediately  be  aee 
within  the  room,  and,  though  remarkably  brilliant,  they  will  be  supposed  to  fa 
distant  by  the  spectators,  because  they  see  nothing  but  the  light  wnich  coma 
from  them.  If  the  lantern  be  drawn  back  to  a  greater  distance  from  the  acreei 
the  images  become  gradually  enlarged,  and  appear  to  approach  the  spectator 
and  seem  pendant  in  the  air. 

PHARMACY.  The  art  of  preparing,  compounding,  and  preserving  me^ 
cines.  The  established  and  authorized  modes  of  practising  tms  important  kj 
are  to  be  found  in  those  books  called  pharmacopseias. 

PHAROS.  A  name  sometimes  given  to  a  lighthouse,  from  the  circumstais 
of  the  first  bemg  buUt  at  Pharos,  near  Alexan£ia.     See  Liobtuouse. 

PHONICS,  or  Acoustics.     A  science   which   treats   of  the  nature  ^ 
mode  of  propagation  of  sound.    Whenever  any  elastic  body  is  made  to  vibrsJ 
it  produces  corresponding  vibrations  in  the  air  surrounding  it ;  these  acting  c 
the  car,  cause  its  internal  parts  to  vibrate  and  excite  in  us  the  sensation  s 
sound.     From  the  necessity  of  air  to  the  conveyance  of  sound  in  ordinajy 
experiments,  the  phenomena  of  sound  have  usually  been  considered  as  fonnny 
part  of  the  science  of  Pneumatics ;  but  the  entire  difference  of  its  results^  ana 
Its  connexion  with  elastic  bodies  generally,  sufficiently  justify  its  claim  to  i 
separate  denomination.  That  sound  cannot  be  conveyed  from  one  part  of  spsee 
to  another  without  some  material  connexion,  is  well  ascertained,  and  may,  to  • 
certain  extent,  be  proved,  by  suspending  a  bell  within  a  glass  receiver  of  die 
air  pump,  and  exhausting  the  air ;  it  wul  then  be  found  that  as  the  air  is  in&' 
drawn,  the  sound  of  the  bell  becomes  more  and  more  feeble,  so  that,  at  lasl^  A 
is  scarcely  audible.    That  air  is  not  the  only  conductor  of  sound  may  be  shown 
by  various  experiments.     If  a  heavy  mass  of  iron,  as  a  kitchen  poker,  be  m- 
pended  by  a  piece  of  twine,  the  two  ends  of  which  are  pressed  against  the  etfi^ 
and  the  poker  be  then  struck  against  any  metallic  substance,  as  a  fender,  i 
sound  will  be  heard  of  so  great  intensity  as  to  resemble  the  tolling  of  a  bcO. 
If  two  stones  are  struck  against  each  other  under  water,  the  sound  vaj  ^ 
heard  at  a  great  distance  by  plunging  the  head  beneath  the  surface  of  tfe 
water :  Dr.  Franklin  affirms  that  he  has  heard  it  in  this  way  at  the  distanoe  ti 
half  a  mile.     Sounds  are  also  transmitted  to  great  distances  tbrouffh  tiM 
bodies.     If  a  slight  scratch  be  made  at  one  end  of  a  long  piece  of  timber,  lod 
the  ear  be  applied  to  the  other,  a  distinct  sound  will  be  heard.    In  this  msnnc' 
miners  hear  the  sounds  made  of  their  fellow- workmen,  and  thus  judge  of  their  diic^ 
tion.     If  a  person  be  placed  at  one  end  of  a  scries  of  metallic  tubes,  the  \Afff* 
of  a  hammer  at  one  extremity  are  heard  distinctly  at  the  other,  two  sooii^ 
being  heard,  one  conducted  by  the  air,  and  the  other  by  the  metal.  Toshoirthi^ 
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tolled  is  really  tbe  effect  of  vibrations  in  the  botin(Tiiig  body,  carried  to  a  certain 
degree  of  rapidity,  a  long  string,  or  wire,  may  be  stretched  by  a  small  weigbt ; 
the  vibrations  at  first  will  be  distinctly  seen,  and  may  be  counted  ;  but  in  this 
case  tbey  produce  no  perceptible  sound.  If  tbe  weight  which  extends  the  cord 
be  increased,  the  vibrations  become  more  rapid,  and  a  sound  is  heard  which 
becomes  more  acute  as  the  string  is  more  stretched. 

By  a  number  of  experiments  it  has  been  found  that  sound  travels  through 
tbe  air  with  a  velocity  of  about  1140  feet  in  a  second,  or  nearly  13  miles  in  a 
minute.     The  velocity  with  which  sound  travels  ma^  be  easily  proved  by  a 
ilinple  experiment.     Let  a  gim  be  fired  at  a  given  mstant,  and  let' a  person 
pUced  at  a  known  distance,  observe  the  time  elapsed  before  he  hears  the  report, 
and  tbb  will  determine  the  time  the  sound  has  been  travelling  over  the  given 
space.    By  knowing  tbe  velocity  with  which  sound  travels,  we  may  ascertain 
ue  distance  of  a  Uiunder-cloud,  or  of  a  ship  in  distress.     Suppose  the  light 
from  a  gim  fired  at  a  distance,  or  from  a  flash  of  lightning  to  be  observed  at  a 
given  instant,  and  that  five  seconds  elapse  between  seein?  the  flash  and  hearing 
the  report ;  then  since  the  motion  of  light  may  be  considered  as  instantaneous, 
the  time  of  seeing  the  flash  mav  be  taken  as  the  instant  at  which  the  sound  sets 
out;  and  as  it  travels  1142  feet  in  a  second,  the  space  passed  over  in  five 
seconds  will  be  1142  +  5=5710  feet,  or  1  mile  and  430  feet,  which  will  be  the 
distance  of  the  object  from  which  the  sound   proceeds.     According  to  Dr. 
Thomas  Young,  the  velocity  of  sound,  on  an  average,  is  1130  feet   The  sound 
of  a  gun,  or  of  a  hammer,  is  equally  swifl  in  its  motion  ;  the  softest  whisper 
flies  as  swiftly  as  the  loudest  thunder.  The  equal  velocity  of  the  different  tones 
vas  beautifiiUy  shown  by  Biot  in  experiments  on  the  pipes  of  the  aqueducts  at 
Paris,  a  distance  of  ahout  3000  feet ;  an  air  was  played  on  a  flute  at  one  extre- 
[       Duty,  and  listened  to  at  the  other  end,  and  the  time  was  perfectlv  preserved ; 
[        and  hence  the  equal  velocity  of  the  various  notes  was  demonstrated.     Different 
lobstauces  transmit  sound  with  different  velocities.     If  the  velocity  in  air  be 
'^presented  by  1,  the  velocity  in  rain-water  will  be  4J,  in  sea-water  4'^,  and  in 
^ntt  10|.     The  velocity  of  sound  is  uniform.     The  strength  of  sounds  is 
I       peatest  in  cold  and  dense  air,  and  least  in  that  which  is  warm  and  rarefied. 
^    ^^enr  point  against  which  the  pulses  of  sound  strike  becomes  a  centre,  from 
H|   ^bich  a  new  series  of  pulses  is  propagated  in  every  direction.     Sounds  may  be 
^   ^ected  like  light,  and  thus  form  what  is  termed  an  echo      For  the  most 
poverfid  echo  the  sounding  body  should  be  in  one  focus  of  the  ellipse,  which  is 
^  section  of  the  echoing  spneroid,  and  the  bearer  in  the  other.     An  echo  may, 
Wover,  be  beard  in  other  situations,  though  not  so  distinctly.    Tims  a  person 
^n  hears  tbe  echo  of  his  own  voice ;  but  for  this  purpose  he  should  stand  at 
W  63  or  64  feet  from  the  reflecting  obstacle.  At  the  common  rate  of  speaking, 
^e  pronounce  about  seven  syllables  in  a  second ;  in  order,  therefore,  that  the 
^  may  return  just  as  soon  as  three  syllables  are  expressed,  twice  the  distance 
^  the  speaker  from  the  reflecting  surface  must  be  equal  to  1000  feet ;  for  as 
*(itind  describes  1142  feet  in  a  second,  six-serenths  of  that  space,  that  is,  1000 
Uh  neariy,  will  be  described,  while  six,  half,  or  three  whole  syllables  are  pro- 
duced ;  that  is,  the  speaker  must  stand  nearly  500  feet  from  the  obstacle.  In 
Cneral,  ihe  distance  of  tbe  speaker  from  the  ecnoing  surface  for  any  number  of 
lyilables  must  be  equal  to  tne  seventh  part  of  the  product  of  1 142  feet  multi- 
l^ed  by  that  number.     When  the  walls  of  a  passage,  or  of  an  unfurnished 
'ooQ,  are  imooth  and  perfectly  parallel,  any  explosion,  or  a  stamping  with  the 
^  communicates  an  impression  to  the  air,  which  is  reflected  from  one  wall 
^  the  other,  and  from  the  second  to  the  ear,  by  which  reverberation  the  primi- 
^Tt  lound  is  greatly  increased  in  intensity.     Sound,  like  light,  may  be  reflected 
^  leveral  places,  and  collected  in  one  poini  as  into  a  focus,  and  it  will  be 
^^more  auoible  Uian  at  the  place  from  whence  it  proceeded.     On  this  prin- 
^  the  whispering  gaUery  is  constructed,  the  form  of  which  must  be  that  of 
a  concave  hemisphere.    Somewhat  simUar  is  the  eflect  of  speaking  and  hearing 
^'^iQpcta,  which,  by  reverberating  the  sounds  uttered  througli  tnem,  increase 
^  intensity.     By  means  of  an  arrangement  of  these,  a  deceptive  acoustic 
*>p«riment  was  exhibited,  an  idea  of  which  may  be  funned  by  the  following 
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skiBtch.     It  was  pretended  that  the  inviflible  girl  was  within  the  ball  d; 
whenever  a  person,  by  applying  his  mouth  to  either  of  the  trumpets  e,  put 
question,  an  answer  was  relumed  which  seemed  to  proceed  from  the  ball,  m  ti« 


centre  of  which  the  invisible  being  was  supposed  to  reside.     A  reference  (o  the 
cut  will  explain  the  manner  in  which  the  illusion  was  accomplished.    Tlw 
upper  part  of  the  frame-work  is  hollow ;  and  bv  means  of  the  tube  ^y,  ps«ii^ 
througn  the  leg  of  the  apparatus  and  floor  of  the  room  into  another  chsmbei^ 
communicates  with  anotner  individual  A,  who  is  to  represent  the  invisihle  siii 
When  a  person  is  desirous  of  trying  the  experiment,  he  applies  his  moom  to 
either  of  the  trumpet-mouths  e  e  e  e,  and  puts  his  question ;    the  somid  M 
uttered  is  reflected  so  as  to  pass  through  the  holes//,  and  through  the  jnpc  ||  A 
to  hy  where  it  is  heard  bv  the  person  who  is  then  listening.     A  rej^y  ii  w  ^ 
given  through  the  tube  h  gg*  which,  coming  out  through  the  hole/,  is  received 
ui  the  trumpet-mouths,  and  reflected  to  the  ear  of  the  inquirer  at  e.   H* 
trumpets  bemg  suspended  by  silken  strings,  no  visible  connexion  apfctf* 
between  the  place  whence  the  sound  seems  to  proceed,  and  the  individoil  vho 
is  the  author  of  it ;  the  illusion  is  therefore  complete. 

PHOSPHATES.  Salts  formed  by  the  phosphoric  acid  with  the  alkaliii^ 
earths,  and  metallic  oxides.  The  phosphates  at  present  known  amoaiit  to 
twelve,  two  of  which  are  triple  ones. 

PHOSPHITES.  Salu  formed  with  the  phosphorous  acid  united  to  the 
earths,  alkalies,  and  metallic  oxides. 

PHOSPHORIC  ACID.  The  base  of  this  acid,  or  the  add  itaelf,  abooidf 
in  the  mineral,  vegetable,  and  animal  kingdoms.  In  the  mineral  kingdom  it  > 
found  in  combination  with  lead  in  the  green  lead  ore ;  with  iron  in  the  hf* 
ores,  which  afibrd  cold-short  iron ;  and  more  especially  with  calcareous  esitli  |P 
several  kinds  of  stone.  Whole  mountains  in  the  province  of  Eatramaduofs,  iB 
Spain,  are  composed  of  this  combination  of  phosphoric  acid  and  lime.  lo  ^ 
animal  kingdom  it  is  found  in  almost  every  part  of  the  bodies  of  animali  whic* 
are  not  considerably  volatile  :  there  is  not,  in  all  probability,  any  part  of  tlu^ 
organized  beings  which  is  free  from  it  It  has  been  obtained  from,  bloodi  ii^ 
both  of  land  and  water  animals ;  from  cheese ;  and  it  exists  in  large  qiiaDtitii> 
in  bones,  combined  in  calcareous  earth.  Urine  contains  it  not  only  in  a  r*^*'^ 
gaged  state,  but  also  combined  with  ammonia. 

PHOSPHOROUS  ACID  is  prepared  by  exposing  phosphorus  dnrmg 
weeks  to  the  ordinary  temperature  of  the  atmosphere.     Even  in  wintv  ^ 
phosphorus  undergoes  a  slow  combustion,  and  is  graduaUy  changed  iato  * 
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id  acid.  For  this  purpose  it  is  usual  to  put  small  pieeei  of  phosphorus  on 
inclined  side  of  a  glass  funnel,  through  which  the  liquor  that  is  formed 
la  into  the  bottle  placed  to  receive  it.  From  an  ounce  of  phosphorus  about 
«  ounces  of  acid  liquor  may  be  thus  prepared. 

'HOSPHORUS.    A  substance  which  shines  by  its  own  light    The  dia- 
sry  of  this  singular  substance  was  accidentally  made  in  1677,  by  an  alchemist 
lamburgh,  niuned  Brandt,  when  he  was  engaged  in  searching  for  the  philo- 
iier's  stone.   Mr.  Boyle  is  also  considered  to  have  discovered  it ;  he  commu- 
kted  the  process  to  Godfrey  Hankwits,  an  iqpothecary  of  London,  who,  for 
ly  years,  supplied  Europe  with  phosphorus ;  and  hence  it  went  under  the 
ne  of  English  phosphorus.     In  the  year  1774  the  Swedish  chemists,  Gahn 
[  Sebeele,  made  the  important  discovery,  that  phosphorus  is  contained  in  the 
yea  of  animals;  and  they  improved  the  process  for  procuring  it    The  most 
(venient  process  for  obtaininfi;  it  seems  to  be  that  recommended  by  Fourcroy 
I  Vauquelin,  which  we  shiul  transcribe.    Take  a  quantity  of  burnt  bones, 
1  reduce  them  to  powder :  put  100  parts  of  this  powder  into  a  porcelain  or 
oe-ware  basin,  ana  dilute  it  with  four  times  its  weight  of  water ;  40  parts  of 
phnric  acid  are  then  to  be  added  in  small  portions,  taking  care  to  stir  the 
Etore  after  the  addition  of  every  portion.    A  violent  CTOrvescence  takes 
ice^  and  a  great  quantity  of  air  is  disengaged.    Let  the  mixture  remain  for 
eaty-four  hours,  stirring  it  occasionaUy  to  expose  every  part  of  the  powder  to 
s  action  of  the  acid.  The  burnt  bones  consist  of  the  phosphoric  acid  and  lime ; 
tUie  sulphuric  acid  has  a  greater  affinity  for  the  lime  than  the  phosphoric  add. 
le  action  of  the  sulphuric  uniting  with  the  lime,  and  the  separation  of  the 
cnhoric  acid,  occasion  the  effervescence.    The  sulphuric  acid  and  the  lime 
moine  together,  being  insoluble,  and  (a\\  to  the  bottom.     Pour  the  whole 
ixture  on  a  cloth  filter,  so  that  the  liquid  part,  which  is  to  be  received  in  a 
ccslain'  vessel,  may  pass  through.    A  white  powder,  which  is  the  insoluble 
bhate  of  lime,  remains  on  the  filter.    AfWr  wis  has  been  repeatedly  washed 
tD  water,  it  may  be  thrown  awav ;  but  the  water  is  to  be  added  to  that  part 
tfie  liquid  which  passed  through  the  filter.    Take  a  solution  of  sugar  of  lead 
water,  and  pour  it  gradually  into  the  liquid  in  the  porcelain  basin ;  a  white 
npdir  fiills  to  the  bottom,  and  the  suffar  of  lead  must  be  added  so  long  as  any 
teqiitation  takes  place.    The  whole  is  to  be  again  poured  upon  a  filter,  and 
•  white  powder  which  remains  is  to  be  well  washed  and  oried  :  the  dried 
mder  is  then  to  be  mixed  with  one-sixth  of  its  weight  of  charcoal  powder. 
tt  this  mixture  into  an  earthenware  retort,  and  place  it  in  a  sand  bath,  with 
a  beak  plunfl^ed  into  a  vessel  of  water ;  apply  heat,  and  let  it  be  gradually 
cnased  till  the  retort  becomes  red  hot     As  the  heat  increases,  air-bubbles 
Hh  in  abundance  through  the  beak  of  the  retort,  some  of  which  are  inflamed 
bai  they  come  in  contact  with  the  air  at  the  surface  of  the  water.    A  sub- 
M  at  fast  drops  out  similar  to  melted  wax,  which  congeals  under  the  water ; 
01  is  phosphorus.    To  have  it  quite  pure,  melt  it  in  warm  water,  and  strain  it 
ivnal  times  through  a  piece  of  chamois  leather,  under  the  surface  of  the 
itar.    To  mould  it  into  sticks,  take  a  glass  funnel  with  a  Ions  tube,  which 
Qit  be  stopped  with  a  cork ;  fill  it  with  water  and  put  the  phosphorus  into  it : 
BMttse  the  funnel  in  boiling  water,  and  when  the  phosphorus  is  melted  and 
•is  into  the  tube  of  the  funnel,  then  plunge  it  into  cold  water ;  and  when  the 
boiphonis  has  become  solid,  remove  the  cork  and  push  the  phosphorus  from 
M  moold  with  a  piece  of  wood.    Thus  prepared,  it  must  be  preserved  in  close 
ohIs  containing  pure  water.    When  phcwphorus  is  perfectly  pure  it  is  semi- 
VD^nrent,  and  has  the  consistence  or  wax :  it  is  so  sofb  that  it  may  be  cut 
T/k  a  knife.     Its  specific  gravity  is  from  1.77  to  2.03.     It  has  an  acid  and 
Migrseable  taste,  and  a  peculiar  smell,  somewhat  resembling  garlic.    When  a 
^  of  phosphorus  is  broken,  it  exhibits  some  appearance  of  crystallization. 
bi  oystals  are  needle-shaped,  or  long  octahedrons ;  but  to  obtain  them  in  their 
i«t  perfect  state,  the  surface  of  the  phosphorus,  just  when  it  becomes  solid, 
ttdd  be  juerced,  that  the  internal  liquid  phosphorus  may  flow  out,  and  leave 
CM%  Ibr  their  formation.    When  the  phosphorus  is  exposed  to  the  light  it 
'''^     of  a  reddish  colour,  which  appears  to  be  an  incipient  combustion.    It 
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is  therefore  necessary  to  prdlerve  it  in  a  dark  place.  At  the  temperature  of 
90O  it  becomes  liquid ;  and  if  air  be  entirely  excluded,  it  evaporates  at  219<*, 
and  boils  at  554o ;  at  the  temperature  of  43^  or  44°  it  gives  out  a  white  smoke, 
and  is  luminous  in  the  dark ;  this  is  a  slow  combustion  of  the  phosphorus,  which 
becomes  more  rapid  as  the  temperature  is  raised.  When  phosphorus  is  heated 
to  the  temperature  of  148o,  it  takes  fire,  bums  with  a  bright  name,  and  sends 
out  a  great  quantity  of  white  smoke.  Phosphorus  enters  into  combination  with 
oxygen,  azote,  hydrogen,  and  carbon ;  it  is  soluble  in  oils,  and,  when  thus  dis- 
solved, forms  what  has  been  called  liquid  phosphorus,  which  may  be  rubbed  on 
the  face  and  hands  without  injury ;  it  dissolves,  too,  in  ether,  and  a  very  beau- 
tiful experiment  consists  in  pouring  this  phosphoric  ether  in  small  portions,  and 
in  a  dark  place,  on  the  surface  of  not  water.  The  phosphoric  matches  connst 
of  phosphorus,  extremely  dry,  minutely  divided,  and  perhaps  a  little  oxygenized. 
The  simplest  mode  of  making  them  is  to  put  a  little  phosphorus,  dried  by 
blotting-paper,  into  a  small  phial ;  heat  the  phial,  and  when  the  phosphorus  la 
melted,  turn  it  round,  so  that  the  phosphorus  may  adhere  to  the  sides.  Cork 
the  phial  closely,  and  it  is  prepared.  On  putting  a  common  sulphur-match  into 
a  bottle,  and  stirring  it  about,  the  phosphorus  will  adhere  to  the  match*  and  will 
take  fire  when  brought  into  the  air. 

PHOSPHURETS.  Substances  formed  by  an  union  of  the  alkalies,  earths, 
and  metallic  oxides,  with  phosphorus.     Thus  we  have  phosphuret  of  lime. 

PHOTOMETER.  An  instrument  designed  to  exhibit  the  different  quan- 
tities of  light,  especially  in  bodies  illuminated  in  different  degrees.  In  Le^ie*t 
photometer,  the  essential  part  is  a  glass  tube,  like  a  reversed  syphon,  whose 
two  branches  should  be  equal  in  height,  and  terminated  by  balls  of  equal 
diameter :  one  of  the  balls  is  of  black  enamel,  and  the  other  of  common  glassy 
into  which  is  put  some  sulphuric  acid,  tinged  with  carmine.  The  motion  of  the 
liquid  is  measured  by  means  of  a  graduated  scale;  the  zero  is  situated  towards  the 
top  of  the  branch  that  is  terminated  by  the  enamelled  ball.  The  use  of  this 
instrument  is  founded  upon  the  principle,  that  when  the  light  is  absorbed  by  a 
body,  it  produces  a  heat  proportional  to  the  quantity  of  absorption.  When  tht 
instrument  is  exposed  to  the  solar  rays,  those  rays  that  are  absorbed  by  the 
dark  colour  heat  the  interior  air,  which  causes  the  liquor  to  descend  at  first  with 
rapidity  in  the  corresponding  branch.  But  as  a  part  of  the  liquor  which  had 
introduced  itself  by  means  of  the  absorption  is  dissipated  by  radiation,  and  as 
the  difference  between  the  quantity  of  the  heat  lost  and  that  of  the  heat  acquired 
goes  on  diminishing,  there  will  be  a  point  where  (these  two  points  having 
become  equal)  the  instrument  will  be  stationary,  and  the  intensity  of  Hbt 
incident  light  is  then  estimated  by  the  number  of  degrees  which  the  liquor  has 
nin  over. 

Mr.  Ritchie,  of  Nain,  has  constructed  a  very  simple  photometer,  on  the  prin- 
ciple of  Bougier.  It  consists  of  a  rectangular  box,  about  an  inch  and  a  half  or 
two  inches  square,  open  at  both  ends,  and  blackened  within  for  the  purpose  of 
absorbing  irregular  lieht.  Two  rectangular  pieces  of  plain  mirror  are  placed 
within  the  box,  at  right  angles  with  each  other,  and  at  an  angle  of  45<>  with  the 
sides  of  the  box.  A  rectangular  opening  is  cut  in  the  upper  side  or  lid  of  the 
box,  about  an  inch  long  and  an  eighth  broad,  and,  passing  over  the  line  formed 
by  the  intersection  of  the  two  mirrors,  is  half  over  the  one  and  half  over  the 
other ;  the  aperture  is  to  be  covered  with  a 
slip  of  fine  tissue,  or  oiled  paper.  When 
used,  it  is  to  be  placed  in  the  same  straight 
line,  between  the  two  flames  to  be  compared, 
they  being  distant  six  or  eight  feet  from 
each  other,  and  is  to  be  moved  until  the  disc 
of  paper  is  equally  illuminated  by  the  two 
flames.    The  illuminating  powers  of  the  two 

flames  will  then  be  directly  as  the  squares  of  their  distances  from  the  middle 
of  the  photometer.  In  viewing  the  illiuninated  disc,  it  is  well  to  look  at  it 
through  a  prismatic  box,  about  eight  inches  long  blackened  within,  to 
strong  light.     Sometimes,  instead  of  using  mirrors  ant*  ^le  paper-screen, 
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lined  planes  are  covered  with  white  paper,  and  looked  at  directly  through 
aperture.  However  the  instrument  be  used,  a  mean  of  several  observationa 
\M  be  taken,  the  instrument  being  turned  round  each  time.  When  the 
its  aro  of  different  colours,  the  plan  Mr.  Ritchie  recommends  is,  to  cover  the 
angular  opening  in  the  instrument  with  a  piece  of  fine  white  paper,  printed 
inetly  witii  a  small  type;  the  paper  is  to  be  brushed  over  with  oil,  and  then  the 
niment  bein^  placed  between  the  lights,  they  are  to  be  moved  till  the  printing 
be  read  continuously  along  the  paper  with  equal  ease  on  the  one  side  as  on  the 
er.  In  the  second  form,  the  prmted  paper  is  to  be  pasted  on  the  mirrors,  or 
inclined  surfaces  against  which  they  lie,  and  b  then  to  be  read  through  the 
iBing.  It  is  advantageous  to  enlarge  the  openings  in  these  applications  of 
Died  paper. 

PIANO-FORTE.  a  musical  instrument,  resembling  the  harpsichord,  (of 
leh  it  is  an  improvement,)  in  which  the  tone  is  produced  by  hummers,  instead 

Sis,  upon  the  strings.  Of  all  the  keyed  instruments,  as  observed  in  the 
I  EncjfdopiBdia,  the  piano-forte  seems  to  merit  the  preference,  on  account 
the  superior  tone,  sweetness,  and  variety,  of  which,  by  the  ingenuity  of 
itish  artists,  it  has  now  become  susceptible.  It  was,  as  early  as  the  beginning 
the  last  century,  that  hammer-harpsicords  were  invented  at  Florence,  of 
iich  there  ia  a  description  in  the  Oiomaled*Italiay  1711.  The  invention  niade 
rt  a  slow  progress ;  tne  first  that  was  brought  to  England  wiis  by  Fciiher  Wood, 
,  English  monk  at  Rome.  The  tone  of  this  instrument  was  so  superior  to  that 
odnced  by  quills,  with  the  additional  power  of  producing  all  tne  shades  of 
KDO  and  forte  by  the  finger,  that  though  the  touch  and  mechanism  were 
imperfect  that  nothing  qmck  could  be  executed  upon  it,  yet  the  Dead  March 
Saul,  and  other  solemn  and  pathetic  strains,  when  executed  with  taste  and 
diog,  by  a  master  a  little  accustomed  to  the  touch,  excited  equal  wonder  and 
ligfat  in  the  hearers.  Backers,  a  harpsichord-maker,  constructed  several  piano- 
rtes ;  and  although  he  improved  the  mechanism  in  several  respects,  he  failed 
the  tone.  After  the  arrival  of  John  C.  Bach  in  this  country,  and  the  esta- 
Ument  of  his  concert,  in  conjunction  with  Abel,  all  the  harpsichord- makers 
ed  their  mechanical  powers  upon  piano-fortes ;  but  the  first  attempts  were 
tsjft  on  the  large  sixe,  till  Zump^,  a  German,  constructed  small  piano-fortes, 
tlie  shape  and  size  of  the  original,  of  which  the  tone  was  very  sweet,  and  the 
leli,  witn  a  little  use,  equal  to  any  degree  of  rapidity.  Pohlman,  wliose  in- 
Uments  were  very  inferior  in  tone,  fabricated  a  great  number  for  such  persons 
Zump^  was  unable  to  supply.  Laree  piano-fortes  afterwards  received  great 
iprovements  in  the  mechanism  by  Merlin,  and,  in  the  tone,  by  Broadwood, 
oddart,  Clemen ti,  and  others.  The  harsh  scratching  of  the  quills  of  a 
irpiicliord  can  now  no  longer  be  borne.  A  great  number  of  improvements 
tve  been  made  of  late  years,  which  have  been  the  subjects  of  numerous 
itdits.    Some  of  these  we  now  proceed  to  notice. 

The  first  which  presents  itself  to  our  attention  is  the  patented  improvement 
f  Mr.Wheatstone,  of  Jermyn-strcet,  for  augmenting  the  tone  by  the  introduc- 
iB  of  drums,  or  similar  vibrating  surfaces,  against  which  the  sounds  elicited 
n«herate ;  these,  it  is  said,  not  only  augment  the  tone,  but  improve  the 
Bdody.  For  this  purpose,  wooden  frames  are  fitted  to  the  inside  of  the  instru- 
■XAti,  upon  whicn  is  tightly  stretched  piq>er,  parchment,  vellum,  or  similar 
<>Uta&ces,  which  constitute  the  drum.  These,  being  placed  as  near  as  possible 
^  the  sounding-boards  of  the  instruments,  are  powerfully  acted  upon  by  the 
nbiitioa  of  the  notes  given  out;  and  to  conduct  the  sound  elicited  with  greater 
iftet  to  the  ears  of  the  auditory,  trumpet-shaped  apertures  are  made  through 
^  eaaes  of  the  instruments. 

To  ffire  to  piano-fortes  the  rich  and  lengthened  tones  of  the  violin,  a  patent 
*M  tikeo  out  by  Mr.  Todd.  This  is  efiected  by  the  pressure  of  the  foot  of  the 
^crupon  a  pedal,  which  puts  in  motion  an  endless  band  (furnished  with 
Mtred  resin),  which  is  made  to  rub  against  the  particular  wire  in  connexion 
*ift  the  key  that  is  depressed  by  the  finser  of  the  player ;  and  thus  the  same 
"fct  ii  produced  as  by  the  bow  over  tne  strings  of  the  violin.  Instruments 
"^CMutnieted  will  therefore  hav<e  two  distinct  sets  of  tones ;   that  is,  when  the 
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pedal  i*  acted  upon,  the  lengthened  and  beautiful  tonei  of  tbe  violij 
produced ;  without  it,  thote  ot  the  ordinarf  {Hano. 

The  inventioD  ia  uot,  however,  caofined  to  piano-forte*,  but  to  . 
inatrumenti  wherein  the  soundi  are  produced  by  the  vibralioii  of  ' 
ttringt  of  catgut;  but  the  moat  eligible  tnitTument  for  iti  appUcalini 

S'aoo,  more  eapeciallj'  tho«e  of  the  upright  or  cabbet  kind.  Hie 
aglam  we  have  therefore  aeleeled  fram  the  ipecification,  to  czplain 
^ruction  and  modei  of  action  of  thii  ingeniou*  contrivance,  when  a 
piano-forLee  of  the  latter  description.  The  figure  givei  a  Tertieal  tecti 
part;  tbm  a  ahowi  one  of  the  wires  itretched  acroea  the  bridge*,  by 
teonoQ  pin*  over  the  body  of  the  '    '  <■       •      ■ 


over  two  cyliuden,  which  an  let  in  motion  by  the  treadle  i^  operated  vpm^ 
the  pedal ;  thi*  band  ii  to  be  made  of  cloth,  catgut,  or  other  material  dfiM 
of  holding  jMwdered  rouD.  «e  i*  a  frame  of  wood  on  which  iimadetom' 
Ringing  pece/,  and  there  ate  as  many  of  iheie  fk^mes  and  twinging  pitM* 
there  are  key*  to  the  initiument.  On  each  swinging  piece  are  fixed  mm,  l^ 
in  the  manner  shown ;  theit  ends  are  reduced  to  a  conical  figure  to  form  mIM 
upon  which  revolve  amtill  brass  roUen,  as  that  at  y.  A  is  one  of  the  ktyi  ■ 
the  instrument  moving  on  its  fulcrum  pin,  and  its  tiro  stops  ere  shown  tt  Hi 
a  vertical  stem  of  yiooAj  is  fixed  into  uie  key,  canying  above  it,  in  a 
tal  posiljon,  I  — '—  '--"'•  ■'  -    -■ 

o  the  ste 


wijwj  u  iineu  LDiu  uie  ney,  cairying  auore  »,  in  ■  uui— 
Jc,  which  acts  upon  the  swinging  piece/;  the  wire  i  ii  &rf 
eons  of  nuts  placed  on  either  side  of  the  stem,  whid  mW 


on  to  tlie  end  of  Ibe  wire,  and  by  tbe«e  means  the  e: 
^  the  stringing  piece  is  r^iiUted.     It  will  n —  ■-- 


ringing  piece  is  r^iiUted.     It  will  now  be  seen  that  when  any  Uj^ 
depreeaed  by  the  fin{^  of  the  pla^r,  the  little  brass  roller  o  u  pr«Med  agM^ 


the  endlesa  band,  which,  bending  it  a  little  out  of  the  rigfit  line,  c- 
nib  against  the  wire  a,  and  thereby  produce  a  similaT  e^ct  to  dw  d 
the  bow  over  the  string*  of  a  violin. 
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indention  which  we  shall  notice  is  that  of  Mr.  Jamet  Stewart,  of 
1^  Euston-square,  who  had  a  patent  for  it  iu  1830.  It  will  he 
I  ihere  are  several  motions  connected  with  the  operations  of  a  piano 
«  great  precision  as  to  their  time,  duration,  and  intensity  of  action, 
mtifibe  made  to  strike  the  string  at  the  same  instant  that  the  damper 
I,  and  the  hammer  having  done  its  doty  must  be  instantly  removed 
the  finger  of  the  performer  has  left  we  key,)  from  the  string,  to 
mtion  to  take  place,  and  then  the  damper  must  return  to  stop  the 
the  string  the  moment  that  the  finger  is  withdrawn  from  the  key. 
he  motions  must  be  obtained  by  a  very  slight  touch  of  the  finger, 
any  noise,  the  levers  and  connecting  rods,  by  which  they  are  trans- 

tlie  keys  to  the  strings,  become  important  considerations  with 
oakers,  and  Mr.  Stewart  has  simplified  the  action,  and  rendered  it 
,  by  the  introduction  of  a  short  lever  placed  over,  and  parallel  with 
tna  of  the  finger  lever.    This  lever  being  short,  and  joined  near  its 

by  a  small  connecting  brass  rod  to  tlie  finger  lever,  furnishes  in 
oiRd  variety  of  motions,  by  placing  the  rods  which  act  upon  the 
nper,  &c.  at  different  distances  from  the  fulcrum  on  which  it  turns. 
•JO  this,  Mr.  Stewart  has  introduced  an  imoroved  inclined  plane  for 
;  tail  of  the  hammer,  and  stopping  it  silently,  after  it  has  struck  Uie 

i  Ae  objections  which  have  been  raised  to  the  elevated  casing  of  the 
ibinet  piano-fortes,  especially  those  whose  fronts  are  covered  with 
lave  a  tendency  to  deaden  the  voice  in  case  of  accompaniment, 
rbompson,  of  Yarmouth,  has  contrived  to 'obviate  the  necessity  of 
of  the  instrument  rising  above  the  locking  board,  so  that  the  top  of 
nt  is  flat  like  a  table.  This  object  he  effects  by  lowering  the  string 
i  upper  surface  coincides  with  the  top  of  the  locking  board,  and 
ce3r8  bent  levers,  turning  twice  at  right  angles  between  the  fulcrum 
sy  move,  and  the  extremities  which  act  upon  the  hammers.  On 
ids  of  each  key,  rests  an  upright  guide  wire,  or  slight  rod,  and 
;tached  various  projecting  pieces  which  actuate  the  hammers,  the 
much  in  the  usual  manner;  so  that  this  improvement,  which  is  a  very 
la,  is  obtained  without  in  the  smallest  degree  altering  the  other 
instrument 

of  improvement  in  this  interesting  branch  of  art  seems  recently  to 

pervaded  our  transatlan  tic  brethren .    In  the  Journal  of  the  FrtmkUn 

tueh  contains  accounts  of  all  the  American  patents,)  we  observe  one 

Thompson,  of  New  York,  dated  October,  1830,  for  an  improvement 

of  the  upright  piano-forte,  some  points  in  which  our  own  manu- 

y  deem  worthy  of  adoption  in  a  modified  form.  The  following  claim 

he  specification  of  this  patent,  will  give  to  those  acquainted  with 

,  general  idea  of  the  variations  introauced  in  this  acticm.     ^  What 

MTi  and  as  my  own  invention,  is,  first,  the  application  of  the  finger 

r  to  the  foot  of  the  connecting  rod,  dispensing  with  the  jack,  springs, 

mediate  eearing.    By  this  mor%  immediate  operation  of  the  finger 

liar,  no  time  is  lost  between  the  touch  and  the  blow ;  the  action  is 

lable  by  the  finger ;  the  blow  is  quicker,  and  more  powerful ;  tlie 

never  block ;  it  relieves  less  from  the  strings  and  requires  much 

touch.    The  simplicity  of  its  construction  renders  the  work  much 

leas  liable  to  get  out  of  order,  than  any  known  action.     From  this 

r  the  action,  I  have  been  able  to  render  the  span  of  the  natural 

and  a  half  inches,  and  the  others  in  proportion,  without  in  any 

fering  with  a  clear  and  rapid  execution :  or  the  common  span  of 

mKf  be  retained.     Second,  the  placing  the  dampers  below  the 

,  by  which  position  the  dampers  fall  on  the  brass  strings  near  the 

em,  and  thus  more  instantaneously  and  efiectuaUy  stop  their  vibra- 

y  be  raised  by  the  simpler  and  cheaper  modes  herein  specified." 

netion  of  cant  iron  into  the  framing  of  piano- fortes,  in  lieu  of  the 

I  of  wood  previously  used,  to  resist  tue  powerful  tension  of  so 

a  great  modem  improvement,  to  which  we  believe  we  a\»iid 

p  p 


296  PIANO-FORTES. 

indebted  to  M.  Fleyel  and  Co.,  of  Paris.    At  the  present  time  the  salMftitadoc;« 
of  metal  for  wood  is  general. 

This  part  of  the  mechanism  was  considerably  improved  by  Mr.  J.  C.  Schwies^ 
of  Regent-street,  for  which  he  obtained  a  patent  in  1831.  The  string  board  ^ 
the  piano-forte  is  secured  between  a  stout  cast  iron  frame,  and  to  Hm  latter 
cast  a  projecting  plate,  through  which  the  tuning  pins  pass.  These  tuning  pi^. 
are  made  of  steel,  their  lower  ends  are  turned  cylindrical,  for  coiline  the  enoi  , 
the  wire,  and  the  upper  ends  are  made  square  for  the  reception  d  the  key.  XT^ 
give  these  tightening  pins  the  requisite  friction  to  retain  any  required  degi^ 
of  tension  on  the  strings,  and  enable  them  to  be  turned  with  facility,  they  ^^ 
tapped  below  the  square  head  to  receive  a  nut,  which  screws  against  the  up^ 
side  of  the  projecting  plate,  and  they  have  underneath  a  collar  aira  washer,  wn  .^ 
are  drawn  against  the  plate  by  the  action  of  the  nut  above,  leather  washers  be 
also  interposed  to  give  a  degree  of  elasticity  to  the  bearing  parts.  To  produce 
requisite  friction,  the  nuts  are  screwed  up ;  and  in  order  that  the  pins  maj 
turned  at  pleasure,  without  altering^  the  friction  by  which  they  are  held,  each 
is  perforated  with  two  holes,  and  the  square  ke^  which  fits  over  the  square  h< 
has  at  its  extremity  two  projecting  pins,  which  enter  the  holes  in  the  i  _ 
and  therefore  turn  the  pins  and  nuts  together  without  altering  the  frietictt, 
Mr.  Schwieso  applies  tigntening  pins  of  this  kind  to  the  harp  aira  violin. 

Since  the  introduction   of  cast-iron   frames  for  piano-fortes,  considemlib 
expense  has  been  incurred  in  drilling  the  holes  for,  and  fitting  in  the  pins,  so 
as  to  eive  them  the  properties  mentioned  in  Mr.  Schwieso's  patent.    To  remedy 
these  inconveniences,  Mr.  W.Allen,  of  Catherine-street,  Strand,  casts  two  dore- 
tsdled  grooves  alone  that  end  of  the  frame  where  the  tightening  pins  are  to  be 
inserted,  into  which  he  drives  pieces  of  wood  of  a  corresponding  shape,  to  fill 
up  the  dovetailed  grooves,  and  to  receive  the  tuning  pins.  It  is  evident,  thstbf 
this  ingenious  and  simple  contrivance,  the  expense  of  manufacture  will  it 
diminished,  and  the  instruments  will  be  improvea. 

Self-acting  Piano- fortes  have  of  late  years  been  introduced :  they  combmetbe 
most  rapid  and  brilliant  execution  with  distinctness  and  neatness.  Their  htf* 
monv  is  necessarily  more  full  than  can  be  produced  by  eight  fingers,  the  eleomlf 
of  cnords  having  no  other  limit  than  the  extent  of  its  scale ;  the  time  eioBot 
be  otherwise  than  perfectly  equable  throughout,  vet  where  pathos  is  to  W 
expressed,  the  time  can  be  accelerated  or  retarded  in  any  degree. 

The  mechanism  of  a  self-acting  piano-forte  usually  or  principally  contiiti  ef 
a  cylinder  turning  horizontally  on  its  axia^  acted  upon  by  a  coiled  spring;  lo^ 
regulated  by  a  fly-wheeL  On  the  surface  of  the  cylinder,  a  determined  arrange 
ment  of  brass  pins  is  formed,  each  of  which,  in  passing  under  a  rank  of  lefo^ 
elevates  one  end  of  the  required  lever,  and  depresses  the  other.  The  deprtf^A 
end  pulls  down  with  it  a  slender  rod,  which  is  connected  by  a  slide  with<the  tiv 
of  a  bent  lever,  on  the  further  end  of  which  is  the  hammer  which  strikes  tki 
string.  The  slide  can  be  shifted  further  from,  or  nearer  to  the  axis,  on  which tki 
hammer  lever  turns,  and  thus  the  stroke  of  the  hammer  is  made  feeble  or  itzciig 
to  any  required  degree.  When  wound  up,  the  instrument  vrill  continue  to  |li^ 
for  a  considerable  time ;  and  it  is  provided  with  a  bench  of  keys  like  the  odf 
nary  piano-forte,  so  that  a  person  may  accompany  the  instrument,  m  phiy  * 
duet  with  it 

A  very  beautiful  instrument  of  this  kind  we  have  seen,  that  was  manoft^ 
tured  by  Clementi  and  Co. ;  it  had  two  barrels,  each  of  which  played  nine  tmM^ 
The  vekxnty  was  regulated  by  two  revolving  balls,  simiUr  to  the  governor  of  * 
Bteam-engine. 

Messrs.  Rolfe  and  Sons,  of  Cheapside,  have  distinguished  themselves  in  thi* 
branch  of  art  by  several  improvements,  which  were  the  subject  of  a  recmt  patatf^ 
These  improvements  tliey  divide  into  three  sections ;  and  their  self-eetioff  piv^ 
fortes  are  constructed  either  with  the  first  section  only,  or  with  the  firstand  seeod^ 
■ectton  combined,  or  with  the  three  sections  united.  The  first  section  eonsiits  of  ^ 
new  apparatus  for  effecting  the  transitions  of  forte  and /Mono,  by  which  meaatd^ 
difficulty  of  producing  those  desirable  cbanges  is  removed,  by  transferring  ^ 
mechanical  actibn  from  the  weakest  and  most  uncertain  part  of  the  arrangeoM^ 
vur.  the  cylinder,  to  the  more  powerful  and  certain  action  of  the  engine,  by  whi^ 
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M  Kability  to  derangement  in  instruments  intended  for  exportatton  if 

To  this  branch  of  Uieir  patent,  Messrs.  Rolfe  and  Sons  have  annexed 
mrement,  or  register,  by  which  the  existing  arrangement,  or  distribu- 
'if  and piano^  may  at  any  time  be  changed,  or  altered  to  suitparticular 
may  at  any  moment  be  removed  from  the  government  ot  the  self- 
paratus  which  produces  the  effect,  and  be  operated  upon  by  the  hand, 
I  be  restored  to  the  control  of  the  machine,  at  pleasure, 
jond  section  consists  of  a  new  barrel  movement  for  changing  the  tunes, 
effected  by  the  introduction  of  an  inclined  plane,  wnich  forms  an 
for  the  axis  of  the  cylinder.  This  plane  is  divided  into  eight  portions, 
ored  by  a  radial  lever  upon  a  pinion,  which  by  its  rotation  one  revolii- 
!S  upon  a  second  dial  an  index  to  the  extent  of  one  eighth  of  its  cii^ 
:«,  moving  the  inclined  plane  to  a  proportionate  extent.  By  this 
ruigement  the  motions  are  rendered  very  steady  and  accurate,  and 
inct  airs  may  thus  be  performed. 

ird  section  consists  in  the  application  of  a  set  of  dampers  to  the  self- ' 
g  action,  which  are  altogether  independent  of  the  dampers ;  so  that 

of  the  self-acting  or  mechanical  part  of  the  instrument,  in  common 

particular  note  of  the  finger  action,  possesses  its  appropriate  damper, 
1  with  and  identified  by  its  kindred  note,  hammers,  or  keys,  and  acting 
oualy  therewith.  In  conjunction  with  the  application  of  the  mechar 
tpers,  suitable  staples  are  introduced  into  the  cylinders,  which,  acting 
I'particular  damper  as  occasion  may  require,  suspends  its  operation,  and 
lem  to  retain  the  vibration  of  any  given  note,  or  the  root  and  relative 
]f  harmonious  combinations,  in  the  same  manner  as  the  finger  of  a 
'  sustains  the  vibration  of  chords,  whose  existence  is  to  be  prolonged 
aed  pressure  of  the  keys,  according  to  the  duration  expressed  by  the 
id  value  given  to  them  by  the  author  in  the  composition  performed, 
m  to  this,  the  whole  set  of  mechanical  dampers  are  occasionally  raised 
tinder,  according  to  circumstances,  in  order  to  produce  the  ettect,  or 

of  the  open  pedal  when  moved  by  the  foot  of  the  performer. 
A  strong  erection  jutting  into  the  sea,   for   affording  shelter  to 
and  small  craft,  or  for  the  convenience  of  landing  goods  and  paa- 

For  the  former  purpose  they  are  usually  constructed  of  very  massive 
ble  materials,  wrought  together  in  the  most  solid  manner;  such  at 
lionet,  dovetailed  into  each  other,  and  cramped  with  iron,  beinff  sup- 

ihe  outside  by  large  piles  driven  into  the  ground,  and  strongly  framed 
1^  leveral  rows  of  cross  pieces.  A  rocky  point  is  generally  chosen  (if 
imad)  for  joining  the  pier  to  the  land ;  the  other  end  is  extended  out 
n,  either  in  a  right  line  or  a  curve,  but  more  generally  the  latter,  to 
ndoeed  harbour  for  shij^pin^  within  the  curve.  Breakwaters  are  more 
'  in  straight  lines ;  chain-piers  are  also  straight,  as  that  at  Brighton : 
action  of  these  isprecisely  similar  to  suspension  bridges.  See  Bridge. 
,  tfa  Bridge.  T^e  walls  or  masses  from  which  the  arches  spring. 
, .  m  BuUdmg  and  Architecture,    The  wall  interposed  between  two 

also  the  buttresses  or  masses  of  wall  raised  to  strengthen  buildines. 
SNOINE.  A  machine  for  driving  piles  into  the  ground,  to  make  a 
dation  for  buildings,  the  construction  of  piers,  wharfs,  &c.  As  these 
'9  of  everv-day  observation,  and  are  figured  in  all  previous  works  of 
B,  we  shafi  confine  ourselves  to  a  brief  verbal  de^ption.  By  means 
ehanism  of  a  common  crane,  a  heavy  iron  weight,  called  the  ram,  is 
pendicularly  between  two  lofly  guides  of  timber,  framed  together  at 
d  laterally,  dear  of  the  ram.  Just  as  the  ram  attains  to  its  highest 
a  projecting  lever  from  the  hook  to  which  the  ram  is  suspended  meets 
id  obrtruction  to  its  upward  passage,  that  bends  the  lever  downwards, 
mhooks  die  ram,  which,  falling  from  a  great  height,  strikes  the  head 
I  with  tremendous  force,  driving  it  into  the  ground.  The  hook  and 
'  descend,  and  the  hook,  coming  in  contact  with  the  top  of  the  ram, 
r  hereto  again  by  means  of  a  spring  or  levcl^cacth,  when  it  is  drawn 
»  repeat  tfe  operation. 
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PIN.    A  well-known  little  instrument,  chiefly  used  to  adjuit  or  fiMten  di». 
clothes  of  women  and  children.    Although  consisting  of  merely  a  piece  of  wirtQ 
with  a  head  and  a  point,  great  mechanical  ingenuity  has  been  ezercued  is 
perfect  its  construction  at  a  cheap  rate ;   but  such  is  the  extent  of  the  ooaK 
sumption,  and  consequent  importance  of  the  manufacture  of  pins,  that  there  ai^ 
many  establishments  where  upwards  of  two  tons,  containing  aboat  2O|O0Oy0CC 
in  number,  are  made  weekly.     The  ordinary  method  of  roidung  pins  hat  be^ 
thus  described  by  various  authors  on  the  subject     Brass  wire,  drawn  to  tl^ 
required  size,  is  straightened  by  drawing  it  between  steel  pins,  set  in  a  sigi^ 
form  upon  a  bench,  and  afterwards  cut  mto  such  lengths  as  will  each  make  ^ 
pins  of  the  required  size.     These  lengths  are  pointed  at  the  ends  by  boys,  w^ 
sit  each  with  two  small  grindstones  before  him,  turned  by  a  wheel.    Taking   — 
a  handful,  he  applies  the  wires  to  the  coarsest  of  the  two  stones,  moving  t^^ 
round  at  the  same  time,  and  in  such  a  position  as  to  produce  evenly-roun«^  ^ 
and  well-tapered  conical  points,  which  are  perfected  and  sharpenfid  bv  ^^ 
afterwards  upon  the  smoother  stone.     A  lad  of  twelve  years  of  age  will  ^Tl^ 
point  16,000  in  an  hour.    The  length  of  a  pin  is  then  cut  off  each  end  of    n 
pointed  wire,  and  the  remaining  portion  of  wire  is  treated  in  a  similar  mamMHr 
successively,  until  the  six  pins  of  each  leneth  have  been  pointed.    The  neit 
operation  is  heading,  or  rather  '^head-spinmng;"  the  heads  bein^  prepared  ib* 
subsequent  putting  on,  by  winding  a  finer  wire  around  another  wire  of  the  mm 
of  the  pin,  by  the  rapid  revolution  of  a  kind  of  spinning-wheel.     The  intemil 
wire  being  drawn  out  leaves  the  external  wire  of  the  form  of  a  tube  of  etrcuii- 
volutions  ;  this  tube  is  cut  into  short  lengths,  of  only  two  circumvolution^  emk 
of  whicli  forms  one  head ;  these  are  made  red-hot  in  an  iron  pan,  over  a  furaaei^ 
to  soften  them,  that  they  may  not  spring  under  the  hammer  in  fixing  then  on. 
These  annealed  heads  are  distributed  to  children,  who  sit  with  little  anvib  sn^ 
hammers,  the  latter  being  worked  by  means  of  the  feet  upon  treadles.    Ttking 
up  a  pin,  they  thrust  its  blunt  end  amongst  a  quantity  of  the  head-spinniogt; 
and,  catching  up  one,  they  apply  it  immediately  to  the  anvil,  and,  by  means  of 
two  or  three  blows  of  the  hammer,  compress  the  head  firmly  upon  the  eDfl  of 
the  wire,  with  remarkable  dexterity.  1  lie  several  motions  of  tlie  little  ooenif* 
succeed  each  other  so  rapidly  that  it  requires  the  closest  observation  of  toe  pi^ 
cess,  many  times  repeated,  to  enable  a  stranger  to  perceive  how  it  is  perfonDcdi 
The  pins  have  now  to  be  whitened,  which  is  effected  by  putting  thcoiiBi 
soluti(m  of  tin  in  the  tartaric  acid.    Here  they  remain  until  tiiev  have  acqnii*' 
an  extremely  thin  coat  of  the  tin,  which  presents,  when  withdrawn  from  tin 
bath,  but  a  dull  appearance :  the  pins  are  therefore  thrown  with  some  btin  isti 
a  barrel,  which,  being  in  revolution  upon  its  axis,  the  bran  thus  rubs  the  piM 
quite  bright ;  they  are  then  taken  out,  and  the  bran  separated  from  thenlV 
a  winnowing  machine.    Machines  have,  however,  been  recently  constmcMi 
in  which  a  coil  of  wire  is  converted  into  pins  without  any  manual  interventioQr 
or  anv  extraneous  assistance  whatever. 

PINCHBECK,  or  Prince's  Metal.  An  alloy  of  copper,  much  rsiOB' 
bling  gold  in  colour.  It  consists  of  one  part  zinc  to  five  or  six  piiti  * 
copper. 

PINION,  in  Mechanics^  a  small-toothed  wheel,  which  drives,  or  is  driven  bff 
a  larger. 

PINNACE.  A  small  vessel,  navigated  with  oars  and  sails,  and  bivi>S 
generally  two  mast%  which  are  rigged  like  those  of  a  schooner.  One  of  ^ 
boats  belonging  to  a  man-of-war,  for  carrying  the  officers  to  and  firom  the  Ae>^ 
is  called  the  pinnace. 

PIPK  A  cask  containing  from  110  to  140  gallons  of  wme;  the  Madflrt 
pipes  containing  about  110,  and  the  Port  and  Lisbon  from  138  to  140  giUow* 

PIPES,  for  the  conveyance  of  water  and  other  liquids,  are  made  of  lead,  ii^ 
stone,  pottery,  wood,  Indian-rubber,  &c.  Of  iron  there  are  two  8orta,—wrQagB 
and  cast. 

Wrought-iron  pipes  are  made  out  of  plates  of  the  required  thicknea,  leigw 
and  breadth ;  so  that  when  coiled  into  a  circular  form,  the  edges  mar  lap  over 
each  other.  To  make  sound,  good  work  of  this  kind  requires  great  addren  ao^ 
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r  «ectttion  in  the  welding  operation;  to  that  the  ordinary  tmith 
nqitt  it,  preferring  to  purchase  the  article,  or  get  it  made  hy  the 
le-makers.  The  manufacture  of  wrought^iron  tiuiei  hai  lately,  with 
to  iuccess,  been  effected  by  machinery,  under  a  patent  granted  to 
home  (for  Mr.  Runel),  of  Wednesbury.     The  sides  of  the  metal 

ap  with  swages,  so  as  to  bring  the  edges  neariy  together,  he  intro- 
taoes  so  prepared  into  a  furnace,  and,  when  brought  to  a  welding 
•  operation  m  a  small  tilt-hammer :  the  face  of  the  hammer,  as  weu 
die  anvil,  have  semi-cylindrical  grooves,  corresponding  with  the  sixe 
of  the  tubes  under  manufacture ;  and  between  these  the  tube  is  sra- 
led  along,  receiving  in  its  progress  a  rapid  succession  of  blows  nom 
sr.  When  the  welding  is  tnus  completed,  the  tubes  are  in  a  rough 
r  are  therefore  again  heated  in  the  furnace,  and  passed  between  large 
lets,  which  give  to  the  tubes  a  smooth  exterior  surface;  as  they 
HB  the  pressure  thus  given,  they  come  in  contact  with  a  fixed  round 
I  proper  sixe  of  the  bore  of  the  tubes  or  pipes,  over  which  they  are 
the  rollers ;  and  thus  the  interior  as  well  as  the  exterior  are  brought 
h  and  true  cvlindrical  surface. 

npjtes,  of  wbich  immense  quantities  are  used  for  the  conveyance  of 
,  and  other  fluids,  are  made  in  the  following  manner.  The  mould  for 
thus  prepared :  strong  cast-iron  flanged  cylinders,  about  three  feet 
liaving  an  internal  diameter  greater  than  the  outside  of  the  intended 
see  cylinders  divide  longitudinally  into  halves,  which  are  secured 
f  iron  cramps ;  in  this  state  one  of  them  is  placed  upright  upon  a 
■tion,  underneath  the  jib  of  a  crane,  to  which  is  suspend^  a  smooth 

mandril ;  this  mandril  is  then  lowered  perpendicularly  into  the  centre 
odrical  mould  until  it  rests  in  a  hole  in  the  stand  at  the  bottom,  and 
uid  the  mandril  a  void  space  of  equal  dimensions,  in  which  position 
id  by  wedgine  pieces  at  tne  top.  Sand  duly  prepared  and  moistened 
\  into  the  void  space  by  degrees,  until  it  is  nlled,  ramming  it  down  at 
to  render  it  equally  sdid  throughout.  The  smooth  mandril  u  then 
jawn  out  by  the  crane,  and  the  sand-chare; ed  cylinder  is  removed  to 
\  stove.  Other  cylinders  are  similarly  charged,  and  dried  in  the 
\  make  the  core,  the  moulder  takes  a  quadrangular  bar  of  iron,  about 
ger  than  the  intended  pipe,  wraps  it  along  with  a  hay-band,  and 
entrically  into  a  pipe  smooth  in  the  inside,  of  the  leneth,  and  of  the 
nal  diameter  as  the  required  pipe ;  a  mixtiure  of  sand  loom,  hair,  Arc. 
imed  between  the  cnrlinder,  ana  is  thus  forced  amongst  the  fibrous 
imd  the  bar,  to  which  it  firmly  adheres  when  drawn  out  of  the  smooth- 
der :  the  core  thus  produced  being  dried  in  the  stove,  is  ready  for  the 
Km  the  length  of  cast-iron  pipes  for  water  is  usually  nine  feet,  three 
m-mentioned  cylindrical  sand-boxes  are  put  into  requisition  for  the 
they  are  placed  one  upon  the  other  upright  in  a  pit,  and  connected 
ly  cotters  through  their  flanges.  The  sand  and  loam  core  before 
,  is  now  carefully  lowered  from  a  jib  into  the  centre  of  the  combined 
I,  which  is  insured  by  a  projecting  piece  of  the  iron  bar  entering  a 
be  bottom,  and  the  upper  end  is  secured  by  a  collar  of  day.     The 

left  between  the  core  and  the  cylinder  of  sand  is  now  fiUed  with 
si  through  an  orifice  in  the  clay  at  top,  by  means  of  a  ladle,  charged 
ip  hole  of  the  furnace,  which  is  carried  and  poured  into  the  mould 
ten,  if  not  too  heavy ;  but  if  so,  this  carriage  is  assisted  by  a  truck 
id  the  ladle  or  pot  discharged  by  the  aid  of  pulley  tackle.    When 

if  cooled,  it  is  hoisted  by  the  crane  altogether  from  the  pit;  the 
I  are  taken  o%  the  iron  rod  withdrawn,  and  the  pipe  being  cleared 
sad  inside  and  out,  is  ready  for  clearing,  examination,  and  use.  In 
;  of  Tery  large  cylinders,  a  similar  process  is  adopted,  except  that  the 
Uowed  to  now  directly  from  the  furnace,  along  a  trench  into  the 

^'i  paUni  Pipet.'^K  patent  was  taken  out  in  1826  by  Mr.  Walter 
of  Stratford,  in  Essex,  for  the  manufacture  of  water  or  other  pipefi!, 
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that  should  he  as  durahle,  hut  less  expensiye,  than  the  cast-ircm  pipes  we 
been  just  describing ;  and  as  the  manufacture  of  these  may  he  advaiitageoi]^^~ 
conducted  in  situations  where  the  products  of  a  foundry  cannot  easily  be  ^^^ 
cured,  we  annex  the  ingenious  process  of  the  patentee.  ^^^^^ 

Sheets  or  strips  of  iron  or  cop])cr  are  selected  of  the  appropriate  Isng^^-^^ 
breadths,  and  thicknesses,  for  making  the  proposed  pipes.    In  making  a  c^ 
drical  pipe,  the  sheet  must  be  of  greater  width  Uian  the  circumference  reqoi.^ 
and  of  a  true  rectangular  figure.    Each  of  Uie  two  opposite  edges  are  the-^)  ^^ 
be  doubled  or  folded  back,  as  shown  by  the  annexed  figure  a.    The  she  «f  ^ 


a 


then  to  be  bent  round  by  the  ordinary  means  into  a  cylindrical  fonn,  and  cHe 
edges  turned  back  as  shown  in  the  annexed  Fig.  h.  A  slip 
of  sheet  iron,  of  the  same  thickness  and  length  as  the  before- 
mentioned,  with  parallel  sides,  is  then  doubled  back  at  the 
edges  in  the  same  manner  as  shown  at  c  ;  this  piece  is  then 
slided  over  the  ends  of  6,  so  that  the  edges  of  both  shall 
mutually  envelope  and  brace  each  other,  in  the  manner 
exhibited  in  the  following  Fig,  d ;  the  joints  thus  made  are 
then  brought  into  close  contact  by  hammering.  This 
method  of  joining  the  tubes  may  with  equal  facility  be 
effected  on  the  inside,  if  in  turning  the  sheet  up  into  the 
cylindrical  shape  it  be  bent  the  reverse  way,  as  shown  in  Fig.  e.  The  prqje^^" 
ing  part  of  the  joint  being  inside,  is  preferable  in  many  cases.  The  tobe,  '^ 
now  described,  the  patentee  calls  his  inner  tube,  to  distinguish  it  from 


exterior  covering  it  aft er wards « receives,  to  increase  its  strength  and  drniln^* 
This  is  effected  by  winding  round  the  inner  tubes  iron  hoops,  or  narrow  rfrip 
of  metal,  rivetted  end  to  end  in  a  spiral  direction,  with  the  coils  in  close  coolact 
generally,  but  sometimes  a  little  apart,  to  give  them  elasticity  in  bending>  1^ 
operation  is  performed  by  fixing  tne  tube  upon  a  wooden  roller,  of  a  &ub0^ 
nearly  corresponding  witn  the  internal  diameter  of  the  said  tube,  and  tbe  roDfr 
is  mounted  horizontally  upon  an  iron  axle  in  a  fixed  frame,  with  a  handle  ftf 
tumins;  it  round  at  one  or  both  ends.  One  of  the  ends  of  the  hoop  iron  ii  thtf 
made  fast  to  the  end  of  the  tube  by  a  rivet,  and  being  held  in  an  obli(|oe  poa* 
tion  with  the  axis  of  the  roller,  the  latter  is  turned  rounds  while  suflBoent  MB* 
sion  is  eiven  to  the  hoop  iron  to  make  it  lie  dose  and  tight  to  the  tube  dnriig 
the  coifing  operation ;  after  which  it  is  fastened  to  the  other  end  of  tbe  tik> 
by  another  rivet.  A  hoop  or  ring  is  now  put  on  hot^  to  each  end  of  the  tikt 
at  right  angles  with  the  axis,  for  tne  greater  security  of  the  previous  bindiflf; 
these  end  hoops,  as  they  cool,  contract  in  their  circumference,  and  conseqacs^f 
fix  themselves,  and  bind  all  the  parts  of  the  tube  firmly  together. 

The  tubes  are  next  to  be  immersed  in  liquid  cement,  contained  in  a  vesidw 
stutable  capacity  to  receive  them ;  the  cement  is  thus  made  to  enter  and  fiD  *P 
every  fissure  or  interstice  between  the  several  parts  of  the  tubes.  The  ccnd^ 
is  composed  of  the  following  ingredients  and  proportions,  mixed  and  nche^ 
together :  viz.  2  lbs.  bees'  wax,  2\  lbs.  linseed  oil,  12  lbs.  common  white  resiSi 
18  lbs.  pitch,  1  lb.  tallow,  and  16  lbs.  of  plaster  of  Paris,  or  Roman  cement,  tf 
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Dowder ;  and  when  It  Is  desired  to  give  a  greater  degree  of  ela»- 
fgnness  to  the  cement,  2  lbs.  of  Indian  rubber,  previously  dissolved 
I  of  oil  of  tnrpentine,  are  to  be  added. 

the  outside  of  the  pipes  from  rust,  one  or  more  layers  of  canvas; 
h  the  cement,  are  to  oe  wrapped  round  it  In  lieu  of  this,  some- 
Santees  put  a  tube  of  sheet  iron  for  the  external  covering,  and  fill 
itices  between  with  cement. 

0  connect  such  pipes  together,  a  tube,  similar  to  those  already 
prepared,  of  a  length  somewhat  more  than  its  diameter,  which  should 
ee  quarten  of  an  inch  greater  than  the  diameter  of  the  tubes  to 
;  toe  latter  being  placed  end  to  end,  with  the  piece  of  connecting 
ig  equally  over  each,  and  the  annular  space  between  the  tubes  are 

cement    To  prevent  tlie  cement  from  getting  in  between  the  two 

1  of  the  tubes,  they  are  previously  brought  into  contact,  and  covered 
of  junction,  with  a  pley  or  two  of  oakum.  At  each  end  of  the  con- 
is  fixed  a  wooden  ring,  and  the  annulusthus  rendered  uniform  is  filled 
ent,  in  a  hot  and  liquid  state,  by  an  iron  syringe  inserted  in  a  hole 
connecting  tube.  Instead  of  iron,  the  patentee  makes  use  of  wood 
r  his  inner  tubes ;  these  are  composed  of  a  number  of  pieces  laid  Ion- 
de  by  side,  and  arranged  in  a  circle.  This  tube  is  put  upon  a  wooden 
r  to  the  before-mentioned,  and  being  turned  round,  it  is  covered 
iron  hoops.  For  lar^  sized  tubes,  wood  is  preferable,  as  being 
roneer  than  those  made  of  sheet  iron  of  moderate  thickness.  The 
%  bound  in  iron,  are  completed  by  similar  processes  to  those 
the  other  kind. 

patent  earthen  pipes  are  thus  made : — Chlindrical  plugs  of  wood, 
iiameter  as  the  bore  of  the  intended  pipe,  and  of  the  same  length, 
ith  a  sufficient  thickness  of  clay,  or  plastic  earth,  which  has  l^en 
d  in  the  manner  practised  in  the  potteries.  To  perfect  the  exterior 
»ipe,  an  external  mould  is  to  be  employed,  consisting  of  two  semi- 
leces,  which  are  to  be  placed  on  each  side  of  the  intended  pipe, 
Iges  are  to  be  brought  together  by  screwing  them  up,  which  will 

superfluous  clay  from  the  mould ;  the  cxtenor  mould  beine  next 
I  pipe  will  be  found  completely  formed  upon  the  plug :  in  this  state 
led ;  after  which  the  plug  may  be  easily  withdrawn,  and  the  pipes 
Miking  them  in  an  oven.  The  pipes  are  to  be  connected  togetner 
the  smaDer  end  of  one  into  the  larger  end  of  another,  and  filling 
tices  between  them  with  Roman  or  other  soft  fluid  cement  Pipes 
%  similar  manner,  of  which  the  material  was  a  cement  or  imUa&on 
e  likewise  been  brought  into  use. 

a  since  Mr.  Murdock  took  out  a  patent  for  the  economical  fabrica- 
qfrealstonet  the  process  combinmg  the  advantage  of  making  solid 
the  same  time.  In  forming  a  pipe  or  hollow  cylinder  of  stone, 
ntting  out  in  useless  scraps,  or  grinding  to  powder,  the  whole 
^e  bore,  the  patentee  cuts  out  a  core  or  solid  cylinder,  whose  out- 
:  is  only  about  half  an  inch  less  than  the  inside  diameter  of  the 
;e  manner,  when  he  intends  to  form  a  column  or  solid  cylinder,  or 
i,  instead  of  breaking  of^  cutting,  or  chiseling  away  the  super- 
)f  the  stone,  these  parts  are  formed  into  a  hollow  cylinder,  the  core 
Uie  solid  cylinder  or  disc  required.  Hence,  if  tne  stone  is  large 
ive  the  outside  parts  of  a  proper  thickness,  these  parts  may  be  used 
id  the  core  may  either  be  used  as  a  solid  cylinder  or  column ;  or, 

operation,  it  may  be  converted  into  a  pipe,  and  the  cylinder  cut 
r  again  be  converted  into  another  pipe,  which  process  may  be  con- 
the  core  cut  out  is  too  small  to  be  useful.  1  ne  following  is  the 
i  by  the  patentee  of  accomplishing  it : — ^he  fixes  the  block  of  stone 
ted  in  an  upright  position,  and  in  the  centre  of  the  top  of  the  block 
«p  to  receive  the  toe  of  a  vertical  spindle,  which  derives  its  motion 
r  timing  in  plummer-blocks  in  a  nxed  frame  above ;  this  axis  is 
longer  than  the  pipe  or  column  to  be  formed,  having  the  faculty 


804  PIPES. 

of  sliding  vertically  through  the  aforesaid  horizontal  pulley,  over  which  it 
■ufpended  by  a  rope  that  passes  round  a  vertical  pulley,  and  thence  is  connecl 
to  a  winch  to  wind  up  the  axis  at  pleasure.    The  saw  employed  is  at  the 
of  a  hollow  cylinder  (on  the  same  plan  as  that  described  bv  us  for  trepanniK..    ^^^ 
under  the  article  Annular  Saw),  and  this  hollow  cylinder  is  turned  by         ^j!g 
spindle  through  the  medium  of  cross-arms,  through  which  the  axis  slides ;  sl^^^ 
in  order  to  give  the  reauisite  force  to  the  annular  saw,  the  top  of  the  tnb^^^]^ 
which  it  is  fixed  is  loaded,  provided  its  own  weight  be  insufficient :  the  mo^^^ 
given  to  the  saw,  though  circular,  is  reciprocating.  To  effect  this,  a  rope  pi    MBtj 
round  the  pulley  at  the  upper  part  of  the  axis,  and  the  two  ends  of  the  rop»    ^r^ 
conducted  m  opposite  directions  over  two  vertical  pulleys,  over  which  the     two 
ends  of  the  rope  respectively  fall,  where  they  are  each  furnished  with  a  cvon- 
handle ;  one  workman  takes  hold  of  one  handle,  and  another  workman  the 
other,  and  pulling  alternately  the  pulley  at  the  top  of  the  axis,  together  with 
the  annular  saw,  is  made  to  reciprocate  circularly,  cutting  an  annular  groove  iMt 
the  block  of  stone.    A  barrel  of  sand  and  water  is  made  to  deliver  these  essexs' 
tial  auxiliaries  to  the  saw  in  the  following  manner : — it  is  directed  to  the  vpp^'* 
end  of  the  axis  above  the  tube,  which  it  enters,  and  runs  down  into  the  anouW^ 
move  under  the  edge  of  the  saw,  whence  it  flows  upward  by  the  pressnn  ^^^ 
the  continued  descending  current  on  the  opposite  side,  and  thus  cames  tiiHtm^ 
sludge  clear  of  the  saw.    Stone  tubes  of  this  kind  were  employed  by  the  Mir^* 
Chester  Water  Works  Company.        '»  ^ 

Elastic  tubes  of  Indian  rubber  are  extensively  used  for  the  transmission 
gas  and  corrosive  liquids ;  and  they  are  admirably  manufactured  by  Mr.  Tb 
Hancock,  of  Goswell-street  Road.     Mr.  Thomas  Skidmore,  an  American 
tleman,  whose  process  is  a  good  one,  is  as  follows : — Take  a  cylindrical  rod 
iron  of  the  desired  length,  round  this  closely  coil  annealed  wire  in  the  mann^srr 
of  a  spiral  spring,  care  being  taken  that  the  edges  of  the  coiled  wire  shaU  touc=^ 
each  other,  but  shall,  at  the  same  time,  not  be  so  firmly  wound  as  to  prevent  i.  '^s 
slipping  off  the  rod :  then  cover  the  wire  with  tape  spirally  from  end  to  tn^M 
and  upon  it  lay  strips  of  Indian  rubber,  wound  in  a  similar  manner,  with  ih^  "' 
fresh  cut  and  clean  edges  lapping  upon  each  other.    Then  bind  these  doiWi 
tightly  with  another  coil  of  tape :  afler  this  withdraw  the  rod,  and  boil  the  talb^ 
in  water  for  an  hour  or  two ;  when  cool,  remove  the  wire  and  tapes,  and  nasi 
Indian  rubber  tube  will  be  produced,  which,  though  rough,  will  oe  peifectlj^ 
found  if  the  process  has  been  properly  conducted. 

The  method  of  making  leaden  pipes  has  been  described  under  tlie  sitide 
Lead;  but  we  will  take  the  opportunity  of  mentioning  in  this  place,  that  it  appeal]^ 
by  some  recent  experiments  made  by  Mr.  Jardine,  of  the  Water  Compuy'* 
Works  at  Edinburgn,  that  a  lead  pipe  of  1 1  inch  bore,  and  the  fiflh  of  an  inch 
in  thickness,  was  found  capable  of  sustaining  a  power  equal  to  that  of  a  eolmna 
of  water  1 000  feet  high,  which  is  equal  to  30  atmospheres,  or  420  ponnds  ^ 
tquiire  inch  of  internal  surface.    With  a  pressure  of  1200  feet  it  began  to  tiM 
and  at  with  1400  feet  it  burst.     In  another  experiment,  a  pipe  two  inches  iB 
diameter,  and  one-fifih  of  an  inch  thick,  sustained  800,  but  burst  with  lOOi 
feet  pressure. 

frooden  pipes  for  the  conveyance  of  water,  are  bored  by  means  of  large  irtB 
augers,  worked  by  one  or  two  men,  who  commence  with  a  small  bore,  iw 
increase  it  as  the  work  proceeds,  by  changing  the  auger  to  a  larger  sise^  which 
are  -sometimes  extended  to  eight  or  nine  inches  in  diameter.  The  tree  in  ths  iv^ 
cess  of  borinff,  is  laid  horizontally  upon  tressels  constructed  to  support  and  W 
it  firmly,  ana  the  augurs  are  similarly  supported  and  guided,  so  as  to  pan  cci* 
tricnlly  through  the  tree.  The  manual  operation  is  of  course  slow,  and  extren^ 
laborious :  machinery,  worked  by  steain,  or  other  power,  has  therefore  heO 
introduced  to  execute  the  work.  The  piece  of  timber,  or  tree,  is  held  down  np0* 
a  frame  by  chains  passing  over  it,  and  round  two  windlasses.  The  firamo  stf 
tree,  thus  bound  together,  run  upon  small  wheels  traversing  two  lon^  hcsflM^ 
caUed  ground-sills,  placed  on  eacli  side  of  a  pit,  dug  to  receive  the  chips  nm* 
by  the  borers.  At  one  end  they  are  connected  by  a  cross-beam,  bdtednpj* 
them ;  this  supports  tlie  bearing  for  a  shaft,  the  extremity  of  which,  beyond  tb^ 


ree  up  to  the  borer  that  pierces  it ;  when  a  few  inches  are  bored,  he 
ree  back  by  reversine  the  motion  of  the  wheel,  in  order  that  the 
;hrow  out  its  chip ;  he  then  returns  the  tree,  and  continues  the  pro- 
he  work  is  finisned :  the  borer,  in  this  case,  be  its  nie  what  it  may, 
ime  shape  as  that  of  a  common  auger.  We  would  suggest  the 
t  of  spiral  augers  instead  of  the  common,  as  the  former  would 
chips  as  it  proceeded,  and  not  require  withdrawal  until  the  perfora- 
mpieted. 

tan  ago  Mr.  FIowcl,  of  Oswestry,  invented  a  machine  for  making 
rrooden  pipes  out  of  one  piece  of  timber,  the  mechanism  of  which 
I  same  principle  as  that  we  have  described  under  Mr.  Murdock's 
tawing  out  stone  pipes,  who,  it  appears,  derived  the  principle  of 
x>m  Mr.  Uowel,  and  modified  it  so  as  to  adapt  it  to  the  cutting  of 

npes.^The  clay  of  which  these  are  made  is  obtained  from  Purbeck, 
ire,  and  at  Teignmouth,  in  Devonshire,  in  large  lumps,  which  are 
dissolving  in  water  in  large  pits,  where  the  solution  is  well  stirred 
fa  the  stones  and  coarse  matter  are  deposited  ;  the  clayey  solution  is 
[  off  into  another,  where  it  subsides  and  deposits  tne  clay.  The 
a  clear,  is  drawn  off,  and  the  clay  at  the  bottom  is  lefi  sufficiently 
Tlius  prepared,  the  clay  is  spread  on  a  board,  and  beaten  with  an 
temper  and  mix  it ;  then  it  is  divided  into  pieces  of  the  proper  sizes 
jbacco-pipe ;  each  of  these  pieces  is  rolled  under  the  hand  into  a 
ith  a  bulb  at^one  end  to  form  the  bowl ;  and  in  this  state  they  are 
parcels  for  a  day  or  two,  until  they  become  sufficiently  dry  for 
ilch  is  the  next  process,  and  is  conducted  in  the  following  manner : — 
^  day  is  put  between  two  iron  moulds,  each  of  which  is  impressed 
pure  of  one-half  of  the  pipe ;  before  these  are  brought  together  a 
ire  of  the  size  of  the  bore  is  inserted  midway  between  them ;  they 
ned  together  in  a  press  by  means  of  a  screw  upon  a  bench.  A  lever 
■oaed,  oy  which  a  tool  enters  the  bulb  at  the  end,  and  compresses  it 
m  of  a  bowl;  and  tlie  wire  in  the  pipe  is  afterwards  thrust  backwards 
ds  to  carry  the  tube  perfectly  through  into  the  bowl.    The  press  is 
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Within  the  pot  several  projectiiiff  rin^  are  made ;  ud  upon  tbme  Om 
At  pipe*  ara  lupported,  the  ends  reitm^  upon  clrenlar  raecM  of  potti 
(tand  on  imall  loow  pillan,  riting  up  id  the  cunbe.  By  Ihii  amai 
■mall  pot  or  crucible  can  be  made  to  contain  fifty  groM  of  pipe*  wt 
riik  of  damanng  any  of  them.  The  pipei  ara  put  into  the  pot  tt 
when  tlie  crucible  ia  open ;  but  irheo  filled,  ihii  onfice  ii  made  np  «l 
pipes  and  freih  clay.  At  finE  the  fire  ii  but  gentle,  but  it  ia  Im 
degraei  to  the  proper  tempcTature,  and  lO  contiDued  for  teveii  or  tfi 
when  it  ia  damped,  and  lufieted  to  cool  gradually;  and  when  cold,  the 
taken  out  readyfor  aate. 

PISTON.  That  part  in  a  (team  engine  on  which  the  ebutie  fa 
(team  exerting  itself  puts  it  into  motion ;  and  which,  through  the  n 
the  piston  rod  connected  thereto,  actoate*  the  entire  machine.  Tha  ti 
u  likewise  sometimes  employed  to  designate  what  is  more  generally  ti 
"  bucket "  of  a  pump.  There  Is  no  part  of  the  ateani  engina  in  wU 
principles  of  construction  and  accurate  workmanahip 


s  of  the  piston  which  rub  against  the  cylinder  or  steam-w»  dft 
in  eTeiy  part,  the  steam  escapes,  power  is  lost,  and  fuel  is  waslad.  If 
niba  hard  in  one  place,  and  loFtly  in  another,  the  cylinder  beconiM 


■  utility   impaired  or   destroyed.      To  obviate  tbcM  i 
rubbing  sunacei  of  a  piston  should  not  only  be  made  u 
■apoaaible,  but  also  elastic,  in  order  that  itmay  expand  and  fill  up  all  it 


of  anriace  with  a  gentle  pressure.     The  usual  mods  of  effeetiDg  thii 

represented  in  Ibe  subjoined  section  of  a 

common  piston  for  a  low  pressure  engine  ; 

a  ia  the  lower  face  of  the  piston  made  of 

metal,  to  which  is  fixed  the  piston  rod  b,         i  . 

that  passes  throueh  the  lop  plate  c,  which      ^t!^ 

ia  made  faat  to  the  lower  by  screws  dd;      :  ■•  ^^ 

atee  is  (he  pocking  (ai  it  is  termed,)      t*r/ 

made  of  h;mp,  saturated  with  tallow,       ^'- 

which  ia  wound  and  bound  round  the 

annular  cavity  made  between  the  plates 

a  and  e ;  this  elastic  packing,  a*  it  wears  away  by  friction  againat  dM 

u  occasionally  screwed  up,  by  turning  the  screws  dd,  ^hich  forces  ita 

the  sides  of  the  cylinder;  and  when  entirely  reduced,  itia  renewed  by 

with  fresh  materials.     From  want  of  due  care  and  skill  in  this  kind  a 

a  great  loss  of  power  in  an  engine  is  often  sustained,  either  by  the  atM 

the  piston,  or  by  its  being  squeezed  so  ti^ht  as  to  cause  great  fnf^on, 

wear  itself  out.     If  the  steam  of  an  engine  be  weak,  and  the  packi 

piston  press  lightly  against  the  cylinder,  the  whole,  or  neariy  tha  wb 

power  may  be  expended  in  givine  it  motion,  especially  in  cjlindm 

diameter.     On  the  contrary,  if  the  packing  presses  very  weakly  ^ 

cylinder,  and  the  steam  be  veiy  strong,  the  steam  will  push  tha  pa^ 

and  pass  lo  the  other  side  of  the  piston ;  and  it  should  be  borne  fai  i 

when  this  happens,  it  is  not  only  the  loss  of  the  steam,  but  the  rtMl 

it  exerts  on  the  other  side,  neutralizing  an  amount  of  force  eqnal  Ii 

volume.     For  these  reasons,  it  becomes  obvious  that  piatcna  d^sd 

another  property,  that  of  being  tight  in  proportiao  to  the 

force  of  the  steam  which  presses  upon  them.     Several 

plans  have  been  proposed  to  construct  pistons  on  that 

principle,  amongst  wnich  are  the  following,  proposed  by 

a  eorreapondent  in  a  periodical  journal  in  1823,  which 

perhapa  deserve  notice,  as  fiimishing  useful  hints  to  the 

practical  ni"" 


connected  with  the  plale  hv  a  band  n  n ;  the  space  C  C 
is  to  be  filled  with  oil  or  other  oleaginous  flu' '  "  '■  - 
evident  that  the  greater  the  foree  of  the  steam, 


i 


be  filled  with  oil  or  other  oleaginous  fluid.     By  this  arrangeiMal 


ordMBiitK  dNn 


•  elowlj  will  tbe  puking  be  preind  againrt  lb*  iidw  i 


Tlw ■nnexad  i^i^  3  ii  ■  Tiruticm  from  the  laM;  the 
4(ip  ud  bottom  p)atM  un  fixed,  and  tbe  itettm  acta 
-■jpao  ihoTt  bolti  (tf  plungere  i  A,  which,  by  being  preiied 
:S_ii«ii^  fbrce  oat  the  psckitig  at  the  lides.  fig.  3 
sc-tprcMdli  a  mode  of  amlf  iur  the  principle  to  meiallie 
y"M^T,  A  A  ie  k  meteUic  plate  iliding  on  the  piilon 
^r-«d,  and  made  b  the  rortn  marked  by  tbe  dark  line, 
-^^t  BB  are  metallic  rinn  of  a  ttiannilu  form,  divided 
^m.-mA  btMking  JMOt :  D  D  ii  the  lolid  port.  Tbe  pree- 
^«Jtt  at  lb*  tteain  will  cauie  the  platei  to  deicend, 
'^^M,  piewtog  QPaa  the  inelined  pliuiei  of  the  Hon, 
•~~f  riwie  ninini  them  to  expend,  and  adhere  to  tae 
^e^-^M  of  lb*  cylinder ;  a  amall  ipace  ii  left  between 
♦I'M idid  pMTt  and  tbe  pUtee,  to  allow  for  the  deicent 
^'W  tbe  Utter,  but  in  no  way  to  great  ai  repreaented ; 
^^%e  Ignree  being  only  deaigned  by  the  inventor  to  ahow 
^%U  principle,  and  not  the   delaila   of 


principle, 
-~-    anw  packed  with  bemp  and  tallow  continued  in 
'■A«e,  with  Ter;  little  variation,  fl'om  the  time  of  Captain 
^^^twj to fl>at of  I^. Cartwright,  aperiod  of  Dinety-nineyei 
^Icinuaii  had,  however,  the  oonour  of  firat  intioducing,  in  i 
Of  hia  own  eotutruction,  an  expanding  or  eUitic  piiton  made 
•^  iRTentioa  of  bdiepeiiaable  utility  in  ell  enginea  working 


I.     That  at 
1  bgeniou*  eDetoe 
ntirely  of  metal,— 
'  ' '  '\  preaiure. 


indiepeiMa 
A*  thia  piaton  Iiaa  been  conaiderably  modified  by  various  engineera,  which  we 
-■      •         *       .       I    t.  ■  .  .    "(jj^ja,.  ,1,..  S -    - 


, _   ■ably  ir 

*^>all  have  to  Itotice  hereafter,  we  ibaL  here  atate  'briefly  that  it  coniiated  of  two 
1%  of  the  liill  uie  of  the  cyliader ;  thrae  ringa  were  each  cut  into 
«  aegraenti,  and  laid  one  over  the  other,  to  aa  -to  break  the  con- 
J  tt  the  Teitical  joioti  between  the  aegmenla ;  concentric  with  thoae  leg- 
■  wire  a  eimilaT  arrangement  of  leementi  iniide  the  othera,  nhich  wera 
*^Xtaidad  to  atop  the  ateam  horn  psasing  horizontally;  in  the  cavity  between  all 
^*^«iegtneDla  were  placed  feather  ipringa,  deaigned  to  pren  tbe  Hegmenta  outward 
V»  ^  up  tlM  cylinder  aa  either  that  or  the  pitton  wore.  Tbeae  piitona,  however, 
l*r«Ted  ven  defective ;  for  aa  the  exterior  aegmeata  wore,  and  confonned  to  a 
'*awer  drew,  Um  inner  eegmente,  which  had  no  wear,  were  no  longer  concentric 
^^itb  Iboaa  onteide  of  them,  and  erevicei  were  tbue  opened,  through  which  the 

e  improvement  of 

B  moet  aucceatluL 

'.  i  repreaenta  a  plan  of  the  piaton,  with  the  top 


<Mc  maoYed,  and  /to.  2  a  vertical  aect  on  of  the  aame  uken  oi  (he  hne  t .  -  - 
k  Aeptan.     aaaoare  tour  metal  aegroent*;  i  6**  four  right  angled  wdgei 
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interposed  between  the  segments,  tlieir  points  forming  a  portion  of  the  periphei 
cccc  is  a  thin  steel  spring,  formed  into  a  Bingle  broad  hoop,  and  pressed  ii 
the  undulated  form  represented,  by  which  it  is  found  to  act  with  uniform  enci 
upon  the  wedges,  until  they  and  the  segments  become  so  much  worn  in  t 
course  of  time,  that  the  steel  spring  recovers  itself  into  its  original  circa 
figure ;  d  is  the  frame-work  cast  in  one  piece  with  the  lower  plate  of  the  pisfio 
e  is  the  piston  rod ;  the  dark  spaces  shown  on  the  plan  within  the  circular  (na 
d  are  cavities  to  lessen  the  weight  of  metal ;  the  other  dark  spaces  are  ca?it 
to  allow  of  the  free  action  of  the  circular  spring. 

To  prevent  the  segments  from  falling  out  of  their  places  whilst  the  piston 
being  taken  out,  or  put  into  the  cylinder,  the  periphery  of  it  is  grooved  nea:: 
its  upper  and  lower  edge,  in  which  are  sunk  two  slight  spring  hoops,  cleft  aci 
into  mrked  joints,  which  close  together  simply  by  their  elasticity.  To  li^| 
cate  the  piston,  there  is  a  third  groove,  made  midway  between  the  two  fot-x 
for  the  reception  of  the  oil ;  these  parts  are  not  introduced  into  the  figui 
Tlie  action  is  as  follows :  as  the  piston  and  cylinder  wear  away  by  the  frictii 
the  circular  sprine  c  presses  out  the  wedges  b,  and  these  project  the  segnnei 
against  the  cylinder ;  and  as  the  segments  become  reduced,  the  wedges  fill  i 
the  increasing  opening  between  them. 

An  objection  has  been  raised  against  this  piston,  that  as  the  wedees  mui 
move  through  a  greater  space  than  the  segments,  in  order  to  press  the  iatte 
into  tlie  circumferential  line,  the  wedges  must  in  consequence  rub  twice  m 
much  against  the  cylinder,  and  consequently  score  it.    This  objection  we  belieTf 
to  be  unfounded ;  and  as  far  as  our  experience  and  observation  have  extended,  W9 
have  found  the  wear  very  uniform.    Mr.  Barton,  perhaps,  softens  the  segment^ 
or  makes  them  of  an  alloy,  which  is  more  easily  abraded  than  the  segmeoti; 
sometimes  (we  have  been  informed,)  he  obviates  the  supposed  tendency  of 
scoring,  by  cutting  out  a  portion  of  the  end  of  the  wedges,  so  that  they  do  ost 
bear  upon  their  whole  depth  or  thickness  against  the  cylinder,  consequeatif 
they  will  abrade  twice  ad  fast  as  the  segments,  supposing  them  to  be  equaUj  bin 
A  great  variety  of  metallic  pistons  have  been  made  of  late  years,  but  we  ksMT 
of  none  that  have  so  fully  answered  the  purpose  as  the  recently  patented  i** 
provement  by  Mr.  John  M'Dowall,   of  Johnston,   near  Paisley,  who  hsi  i 
manufactory  of  them  at  Manchester,  where,  we  understand,  great  numbers  tf^ 
advantageously  working  in  the  engines  of  the  factories.    We  have  seea  them  ii 
other  parts  of  the  kingdom,  and  can  attest  their  superior  excellence- 

In  the  specification  of  his  patent,  Mr.  M'Dowall  states,  that  his  experieooi 
in  the  working  of  cast-iron  pistons  led  him  to  observe  that  the  surfaces  of  At 
metal  betweeen  the  segments  and  the  plates  against  which  they  slide  wpiSf 
corrode,  and  become  converted  into  a  substance  resembling  plumbago,  by  wluBl 
the  effectiveness  of  the  piston  is  of  course  seriously  impaired.  As  a  xeanA 
for  this  defect  in  cast-iron  pistons,  he  lines  or  covers  the  aforesaid  surfecet  «n 
plates  of  brass  or  gun  metal,  which  he  connects  by  screwing  or  pinning  to  tk 
cast-iron,  and  thus  acquires  the  durability  of  the  gun  metal  at  a  trifling  •ddi' 
tional  expense  above  cast-iron. 

Another  important  improvement  which  Mr.  M^Dowall  has  introdnoA 
consists  in  a  modified  construction  of  the  segments,  and  in  the  ttean  itoff 
or  slides  by  which  they  are  pressed  outwai^ds.  In  the  figure  on  the  otf^ 
]iage  is  exhibited  an  external  elevation  of  one  of  these  cast»iron  pistons:  i* 
the  piston  rod  which  passes  through  a  solid  central  block,  the  upper  pvt  f^ 
which  is  seen  at  b,  and  through  the  top  plate  c,  and  bottom  plate  ^  the  lilH' 
being  made  fast  to  the  bottom  of  the  central  block  through  toe  medium  of  ^ 
piston  rod ;  the  top  plate  c,  for  the  convenience  of  removal  at  pleasure,  ii  fr^ 
tened  to  the  central  block  6,  by  means  of  screws  eee.  Between  the  top  afl^ 
bottom  plates,  and  around  the  periphery  of  the  central  block,  are  fitted  t^ 
expanding  ring  of  segments,  two  of  which  are  seen  at  //;  these  segmcpM 
instead  of  being  divided  by  perpendicular  cuts,  as  usual,  have  these  ptf^ 
inclined,  as  seen  at  ^,  which  thus  overlap  each  other,  and  cause  the  cylinder  t» 
be  equally  worn,  ( which  would  not  be  the  case  were  the  apertures  between  tb* 
divisions  vertical.)    The  inclined  crevices  through  which  toe  steam  m^ht  pA 


PITCH. 


909 


ed  by  movable  sliding  pieces,  which  are  made  to  press  continually 
be  segments  by  the  agency  of  springs,  in  the  same  manner  as  the  wedges 
1  cpon  by  the  springs  in  Barton  s  piston,  previously  described.  One  of 
ding  pieces  is  seen  at  g,  the  projecting  part  of  it  being  of  a  rhomboidal 


fVM 


tbat  fills  up  corresponding  notches  made  in  the  comers  of  the  seg- 
lad  those  parts  which  come  in  contact,  and  are  represented  bv  a  single 
>  fiiced  ana  ground  to  each  other,  to  prevent  the  upward  or  downward 
of  the  steam ;  and  to  stop  it  laterally,  tne  slides  are  cround  to  fit  the  backs 
gments  to  which  they  are  connected,  by  dove-tailed  grooves,  represented 
fo  parallel  dotted  lines  A  A.  The  double  lines  at  i,  both  above  and  below 
ments,  indicate  the  brass  linings  before  mentioned.  Mr.  M'Dowairs 
ndudes  the  application  of  the  same  improvements,  namely,  the  sliding 
tops,  and  the  brass  linings  to  the  air-pump  buckets  of  steam  engines, 
d  mider  the  article  Valve,  to  which  his  principal  improvement  in 
endage  relates. 
IH.    A  resinous  substance,  obtained  by  the  inspissation  of  tar.    There 

methods  of  obtaining  it ;  one  by  simply  boiling  the'  tar  in  large  iron 
by  setting  it  on  fire  and  letting  it  bum  until  it  obtains  such  a  consistence 
imnng  a  stick  in  it,  and  exposmg  it  to  the  air,  it  readily  solidifies.  Two 
it  the  best  tar,  or  two  and  a  half  barrels  of  green  tar,  are  thus  con- 
tnto  one  barrel  of  good  pitch.  The  foregoing  has  reference  only  to  tar 
1  from  the  pine-tree  and  other  vegetable  matters;  but  a  large  quantity 
nd  pitch  are  obtained  in  this  country  from  coal.  On  the  banks  of  the 
function  Canal,  in  the  vicinity  of  the  laree  iron  and  coal  works,  there 
teUished  some  years  ago  several  '*  tar-works,"  to  which  the  iron  masters 
sir  raw  coal,  gratis,  and  received,  in  return,  the  cokes  produced  by  such 
le  proprietors  of  the  tar-works  being  contented  with  the  compensation 
,  by  the  tmoke  alone  :  the  following  is  the  process  of  obtaining  it : — A 
if  eiffbteen  or  twenty  stoves  is  erected,  and  supplied  with  coal  kept 

•i  the  bottom ;  the  smoke  is  conducted  by  proper  horizontal  tunnels  into 
out  and  close  fUnnel,  of  one  hundred  or  more  yards  in  length :  this  funnel 
of  brick,  supported  by  brick  arches,  and  covered  on  the  top  by  a  shallow 
WAter,  whicn  pond  is  supplied  with  water,  when  wanted,  by  a  steam  engine 
ig  to  the  coal  or  iron  works.  The  coldness  of  the  water  gradually  con- 
£e  imoke,  causing  the  tar  to  fall  on  the  floor  of  the  funnd,  whence  it  is 
d  by  pipes  into  a  receiver ;  from  the  latter  it  is  pumped  into  a  boiler, 
poimted  to  the  required  consistence,  or  otherwise  inspissated  into  pitch : 
le  latter  is  the  case,  the  volatile  particles  which  arise  during  the  mspis- 
m  again  condensed  into  an  oil  used  as  a  varaish*    In  this  process  the 
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smoke  is  decomposed,  nothing  arising  from  the  work  but  a  white  vapour  from 
some  small  funnels  (kept  open  to  give  draft  to  the  fires),  and  a  small  ev^wratioa 
of  water  from  the  pond,  occasioned  by  the  heat  of  the  smoke  imdemeatk  it 
The  process  requires  but  little  attendjmce,  the  principal  labour  baing  that  d 
supplying  the  fuel.  In  a  tar-work,  where  twentv  tons  of  coal  are  consumed 
per  day,  three  labourers  and  a  foreman  do  the  whole  business ;  and  the  quan- 
tity of  tar  produced  will  be  about  28  barrels  of  2^  cwt  each ;  or  21  barrelid 
pitch  of  the  same  weight,  in  six  days.  Some  coals  are,  however,  so  bituminous 
as  to  yield  one-eighth  of  their  weight  of  tar. 

PIVOT.    A  short  shaft  on  which  a  body  turns  or  revolves. 

PLAN.  A  representation  of  something  according  to  the  proportion  of  its 
parts,  made  on  a  flat  surface,  as  on  paper,  pasteboard,  &c ;  such  are  mm, 
charts,  &c.  By  the  term  plan,  however,  a  draughtsman  understands  it  to  m 
either  a  ground  plan  of  a  building,  machine,  &c.,  or  the  arrangement  and 
exact  proportions  of  a  horizontal  section  made  in  any  part  of  the  same. 

PLANE,  in  Geometry  and  Mechanics,  a  perfectly  flat  surface  in  whateva 

rition,  as  horizontal  plane,  vertical  plane,  inclined  plane.  If  a  sphere  be  cut 
a  plane,  the  section  will  be  a  circle.  If  a  prism  or  cylinder  be  cut  by  a 
plane,  either  through  or  parallel  to  its  axis,  the  section  will  be  a  parallelogram; 
and  if  either  of  these  be  cut  by  a  plane  parallel  to  its  base,  the  section  will  be 
similar  to  that  base.  Also,  if  a  cylinder  be  cut  obliquely  by  a  plane  passiiw 
through  its  opposite  sides,  the  section  will  be  an  oval  or  ellipse,  if  a  pyramid 
or  cone  be  cut  by  a  plane  passing  through  the  axis,  the  section  will  be  a  tnanglt; 
but  if  they  be  cut  parallel  to  the  base,  the  section  will  be  similar  to  the  base. 
If  a  cone  be  cut  by  a  plane  parallel  to  its  side,  the  section  will  be  a  parabola;  if 
it  be  cut  obliquely,  so  that  the  plane  does  not  pass  through  either  the  base  or 
the  opposite  cone,  the  section  is  an  ellipse;  if  it  be  cut  by  a  plane  wfaick 
passes  through  the  base  and  the  opposite  cone,  but  does  not  pass  througih  tht 
vertex,  the  section  is  a  hyperbola ;  and,  lastly,  if  it  be  cut  by  a  plane,  eitfaflr 
parallel  to  the  base,  or  in  sub-contrary  position  to  it,  the  section  is  a  circle. 

PLANE.     An  instrument  employed  for  shaving  wood  and  other  subiteneii 
to  a  true  plane  or  smooth  surface,  of  which  there  are  a  great  variety ;  they  an 
usually  divided  into  two  principal  kinds,  namely,  bench-planes  and  moulding- 
planes  ;  of  the  former,  the  principal  are  the  long,  jack,  tryine,  and  smoothinj^ 
planes :  each  of  these  is  agam  distinguished  into  double  or  sin^e  iron,  according 
as  the  cutting  part  is  formed.    The  single  iron  is  an  iron  blade,  the  lower  eM 
of  which  is  steel ;  and  the  cutting-edge  is  formed  by  grinding  it  to  a  single 
angle,  as  represented  by  the  piece  marked  d  in  the  following  cut ;  its 
is  partly  of  a  cutting  and  partly  of  a  scraping  nature.     In  planing  aoine 
of  wood  great  inconvenience  was  found  from  this  form  by  its  frequently  t 
up  the  surface  instead  of  smoothing  it ;  a  partial  remedy  for  this  defect  wai^  i 
consequence,  introduced  about  thirty  years  ago,  by  wnich  another  plani  ~  ~ 
called  a  **  top-iron,"  represented  at  e,  was  added  to  the  under 
one  by  means  of  a  strong  connecting  screw,  which  causes  the 
edge  to  press  closely  upon  the  lower  one.     The  cutting^edge 
of  d^  which  projects  a  little  beyond  e,  is,  therefore,  the  same 
as  before ;   but  it  is  prevented  from  entering  so  deeply  into 
the  wood,  or  rather,  the  shaving  which  has  been  abraded  from 
the  wood  receives  a  new  direction  by  the  abrupt  interposition 
of  the  top  iron  «,  and  prevents  the  surface  of  the  wood  from 
being  torn.    This  improvement  is  so  decided  as  to  cause  almost  an 
disuse  of  single  iron  planes.     The  remedy,  however,  is  incomplete,  es| 
for  the  planing  of  very  hard  woods ;  for  which  purpose,  in  particular,  li^« 
WiUiamson,  or  Kennington,  has  found  it  advantageous  to  modify  ihe  m^ 
iron  d,  by  making  it  of  greater  thickness,  and  giving  it  a  bevd  on  both  the  tof 
and  bottom  sides,  at  an  angle  similar  to  that  shown  on  the  under  tide  of  dl   Bf 
this  altered  form  of  edge,  it  will  be  evident  that  it  partakes  more  of  the  *enfm$ 
action ;  yet  it  is  found  to  obviate  more  efiectually  the  defects  of  former  constra^ 
tions.    The  edge  is  stronger  and  more  durable ;  it  gives  a  beautiful  smoolk 
surface  almoat  without  the  aid  of  Uie  scraper ;  and,  from  its  utility  to  worknMi) 
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^ddes  Uie  faivenftor  tp  the  reward  f of  ten  guineas^  given  to  him  for  h  by  the 
'Society  of  Arte.    It  b  peculiarly  valuable  in  planing  hard  woods  across  the 
jgrain ;  as  in  preparing  box  for  the  use  of  engravers. 

PLANE-CUART,  m  Navigation,  a  sea-chart  constructed  on  the  supposition 
^of  the  earth  and  sea  being  an  extended  plane  surface.     Such  charts  have, 
consequently,  the  meridians  represented  as  right  lines  to  each  other. 

PLANE-SAILING.  The  art  of  performing  the  several  reckonings  necessary 
^m  conducting  a  ship  on  the  ocean  on  the  principles  of  the  plane-chart 
PLANE-TABLE.     An   instrument  by  which  the  draught  or  plan  of  an 
9,  &c.  may  be  taken  on  the  spot,  while  the  survey  or  measuring  is  going 
It  consists  of  a  perfectly  flat  rectangular  board,  sufficiently  large  for  the 
the  centre  of  which  moves  freely  on  a  ball  and  socket  attached  to  the 
of  three  l^s,  on  which  the  instrument  stands ;  by  this  means,  when  the 
are  fixed  in  the  ground,  the  table  may  be  inclined  or  moved  round  in  any 
»^Toposed  direction.     For  the  purpose  of  fixing  a  sheet  of  paper  on  the  table, 
^  ere  is  a  frame  of  wood,  which  fits  exactly  round  its  edges ;  one  side  of  this 
me  is  graduated  into  equal  parts,  and  the  other  side  into  degrees  from  the 
itre  of  the  table ;  by  which  means  this  instrument  is  made  to  answer  the 
of  a  theodolite.    To  the  side  of  the  table  is  screwed  a  magnetic  needle 
compass,  to  take  directions  and  bearings ;  and,  lastly,  there  is  a  brass  two- 
'^^^t  scale,  furnished  with  two  open  sights,  or  else  a  small  telescope,  serving  as 
^xi  index.  The  use  of  the  plane-table  is  as  follows : — Having  moistened  a  sheet 
^^  writing  or  drawing  paper,  spread  it  flat  on  the  table,  and  secure  it  in  this 
^^yition  by  pressing  down  the  firame  on  its  edges.     When  this  paper  is  dry  it 
^*^  be  peneetly  smooth,  and  ready  to  have  drawn  on  it  the  plan  of  the  proposed 
?^<die.  We  th^  begin  by  setting  up  the  table  at  any  part  of  the  ground  that  is 
''^^^ged  most  proper ;  and  having  done  this,  a  point  is  made  in  some  convenient 
^''l^ist  fof  the  paper  to  represent  the  spot  where  the  instrument  stands ;  we  are 
Qi«D  to  ^  in  tiSat  point  of  the  paper,  on  a  lee  of  the  compasses,  or  a  fine  steel 
'"^  and  apfrfy  it  to  the  fiducial  edge  of  the  index,  moving  it  round  the  table 
to  the  pin  till  some  desired  point  or  remarkable  object,  such  as  the  comer 
a  field,  a  tree,  a  picket,  &c.  be  seen  through  the  sights ;  from  the  station 
^Qint  an  obscure  line  is  then  to  be  drawn  alone  the  fiducial  edge  of  the  index. 
.^^e  then  turn  the  index  to  another  object,  and  draw  a  line  on  the  paper  towards 
^^     The  nme  process  is  repeated  till  as  many  objects  are  set  as  may  be 
^'^^«med  necessary  for  the  purpose.     We  then  measure  from  our  station  to 
?*fcch  of  these  ol^ects,  taking  the  necessary  of&ets  to  comers  and  bendings 
^^  the  edges^  frc.,  laying  down  the  measured  distances,  taken  firom  a  proper 
mpon  the  respective  lines  on  the  paper.     The  table  is  then  to  be 
Tea  to  any  one  of  the  objects  to  whicn  the  measuring  was  made,  as  a 
d  station.    Here  it  must  be  fixed  in  its  original  position,  tuming  it  about 
-  eeotre  for  that  purpose,  both  till  the  magnetic  needle  points  to  the  same 
^•"■uet  of  the  compass  as  at  first,  and  also  by  laying  the  fiducial  edee  of  the 
^^■lii.  akm  the  Ime  between  the  two  stations,  and  turning  the  table  till  the 
*^iu«f  elation  can  be  seen  through  the  sights  on  the  index :  it  is  to  be  fixed  in 
^*^^t  peaitioii.    From  this  new  station  repeat  the  former  operations,  setting 
■^•eial  objeeta  by  the  edge  of  the  index,  and  measuring  and  laying  off  the  dis- 
^oieesL  In  this  manner  we  proceed  from  one  station  to  another,  measuring^  such 
"^cs  only  as  are  indispensaole,  and  determining  as  many  as  possible  by  inter- 
^^^Bting  unes  of  direction,  drawn  from  different  stations.     If,  before  the  survey 
^  completed,  the  ^pvper  be  f\ill  of  lines,  measurements,  &c.,  recourse  must  be 
Wd  to  another  sheet  of  paper.  Draw  a  line  in  any  manner  through  the  farthest 
Mot  of  the  laat  station  line  to  which  the  work  can  be  convenienuy  hud  down ; 
^  rsBOve  die  sheet  firom  the  table,  and  fix  a  perfectly  clean  sheet  in  its 
iffu,  drsving  tqion  it,  in  a  part  the  most  convenient  for  the  rest  of  the  work^ 
lUne  to  represent  that  drawn  at  the  end  of  the  work  on  the  former  sheet  Cut 
or  fUd  the  old  dieet  by  this  line,  and  apply  the  edge  so  that  it  may  exactly 
(Sbdde  with  the  conesponding  Ime  on  the  new  sheet   While  they  lie  together 
k  this  poiltton,  produce  the  last  station  h*ne  of  the  old  sheet  upon  the  new  one, 
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and  place  upon  it  the  remainder  of  the  measurement  of  that  line,  beginning 
where  the  work  ended  on  the  old.  In  this  manner  the  process  may  be  continued 
from  one  sheet  to  another,  till  the  proposed  survey  is  complete.  When  the 
survey  is  finished,  the  sheets  are  all  to  be  fastened  together,  taking  care  that 
the  lines  in  one  sheet  accurately  meet  the  corresponding  lines  in  another 
throughout. 

PLANETARIUM.  An  astronomical  machine  of  the  same  nature  as  the 
orrery,  designed  to  exhibit  the  orbits,  motions,  and  phenomena  of  the  planets  in 
the  solar  system.  In  a  machine  of  this  kind,  which  was  constructed  by  Huggens, 
and  is  preserved  in  the  University  of  Leyden,  the  revolution  of  the  primary 
planets  about  the  sun,  and  that  of  the  moon  round  the  earth,  are  performed  in 
the  exact  time  that  they  are  actually  performed  in  nature.  The  orbits  of  the 
moon  and  planets  are  here  represented  with  their  true  proportions,  eccentricities, 
positions,  and  declinations  from  the  ecliptic  ;  and  by  this  machine,  as  by  a  per- 
petual ephemeris,  the  situations,  conjunctions,  oppositions,  &c.  of  the  planets 
for  any  time  may  be  accurately  determined.  Dr.  Desaguliers  constructed  a 
very  complete  planetarium,  which  he  has  described  in  his  Course  of  Ejcperi- 
menial  Philosophy,  published  in  1734;  but  the  roost  stupendous,  superb,  and 
elaborate  planetarium  ever  constructed,  was  that  which  was  publicly  shown  in 
London  in  1791,  and  afterwards  purchased  by  government  to  be  sent  out  with 
Lord  Macartney,  in  1 793,  as  a  present  to  the  emperor  of  **  the  Celestial  empire." 
It  exhibits  all  tne  bodies,  both  primary  and  secondar}',  of  the  solar  system,  with 
their  orbits  in  their  due  proportions  and  positions,  and  all  performing  their 
annual  and  diurnal  motions  exactly  as  in  nature,  exhibiting,  at  all  times,  the 
true  and  real  motions,  positions,  aspects,  phenomena,  and  even  the  inequalities 
of  their  motions  in  elliptical  orbits.  As  engravings  of  planetariums  have,  bow* 
ever,  been  exhibited  in  all  the  Cyclopaedias  and  works  of  mechanical  science, 
and  as  every  mechanic  well  understands  that  their  motions  are  regulated  by  a 
numerous  train  of  wheels,  which  it  would  be  extremely  tedious  to  detail,  pre- 
cisely in  the  same  manner  as  in  horological  machines  (the  hands  or  indexes  of 
which,  instead  of  bearing  planets  at  their  extremities  point  out  the  time),  we 
shall  content  ourselves  with  referring  the  reader  to  the  article  AsraoNoiiY  in  the 
Oaford  Encyclopeedia,  for  a  very  full  and  interesting  account,  illustrated  by 
engravings,  of  several  admirable  machines  of  this  kind. 
./PLANING  MACHINES.  For  the  planing  of  wood  and  metal  on  the  larse 
scale,  by  power,  extensive  and  varied  mechanism  has  been  employed ;  in  toe 
invention  and  furtherance  of  which  the  late  Mr.  Bramah  largely  contributed. 
Under  the  article  Flooring  we  have  described  Mr.  Muir's  patent  planing 
machinery. 

PLATINA.  One  of  the  metals,  and  the  heaviest  body  hitherto  discoTered  in 
nature;  its  specific  gravity  being  21.54  when  pure.  It  is  obtained  from  an  ore  or 
metallic  sand  brought  from  South  America,  which  contains^  besides  platina,  four 
new  metals,  namely,  palladium,  iridium,  osmium,  and  rhodium  ;  also  iron  and 
chrome.  Platina,  combined  with  palladium  and  rhodium,  is  as  bard  aa  iron. 
It  is  not  altered  by  exposure  to  the  air,  neither  is  it  acted  upon  by  the  most 
concentrated  simple  acids,  even  when  boiling  or  distilled  from  iL  It  ia  veiY 
malleable,  though  considerably  harder  than  cold  or  silver,  and  it  hardens  mim 
under  the  hammer.  Its  colour  on  the  touch-stone  is  not  distinguishable  froai 
that  of  silver.  Pure  platina  requires  a  very  strong  heat  to  melt  it ;  but  when 
urged  at  a  white  heat,  its  parts  will  adhere  together  by  hammering.  This  pn>- 
perty,  which  is  distinguished  by  the  name  of  welding,  is  peculiar  to  platina  and 
iron,  which  resemble  each  omer,  likewise,  in  their  inmsibility.  Plmtina  is 
obtained  by  dissolving  the  crude  metallic  particles  in  nitro-muriatic  acid,  preci-- 
pitated  by  ammonia,  and  exposed  to  a  very  violent  heat,  by  which  the  acid  and 
alkali  are  expelled,  and  the  metal  is  reduced  in  an  agglutinated  state,  when  it 
may  be  pressed  together  by  a  button-headed  iron,  be  tuen  out  of  the  fiuiiaoe^ 
forged,  reheated,  and  forged  again  into  a  bar.  Willis  found  that  platina  might 
sometimes  be  melted  upon  a  bed  of  charcoal  in  a  crucible ;  and  M.  Bousingauli 
recently  found  that  it  might  always  be  melted  in  a  blast  furnace,  if  the  crudbl«' 
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ned  inside  with  a  mixture  of  clay  and  charcoal ;  the  silicon,  in  hin  opinion, 
dng  in  the  reduction.  Platina  may  he  melted  in  quantities  not  exceeding 
ounces  at  a  time,  hy  the  oxy-hydrogen  hlow-pipe,  and  be  kept  in  fusion  for 
I  time.  Platina  is  much  used  for  crucibles,  evaporating  dishes,  and  even 
ibics.  Though  it  resists  most  of  the  acids,  it  is  acted  upon  by  caustic 
%hf  and  several  of  the  neutral  salts.  The  proper  solder  for  it  is  gold, 
concentration  of  sulphuric  acid  is  now  usually  performed  by  platina  stills, 
leaden  heads.  Mr.  Parkes  has  one  of  this  kind,  which  holds  only  thirty- 
eallons,  yet  cost  300  guineas. 

LATING,  or  Plated  Manufacture.  The  art  of  covering  other  metals 
•liver.  The  method  known  by  the  name  of  French  plating  was  usuallv 
ied  to  articles  made  of  brass,  after  they  were,  in  other  respects,  finished. 
T  the  goods  were  polished,  and  perfectly  free  from  grease,  &c.,  the  part  to 
ilated  was  heated  to  a  temperature  somewhat  short  of  changing  the  colour 
he  metal.  Leaf  silver  was  now  laid  upon  the  part,  and,  while  hot,  was 
led  on  with  a  hardened  steel  burnisher,  perfectly  dry  and  clean.  By  this 
lis  the  silver  adhered  firmly  to  the  brass,  which,  from  the  action  of  the  bur- 
ler,  assumed  a  fine  polish :  these  bad  much  the  appearance,  in  colour  and 
Ik,  of  those  of  the  present  day ;  but  they  possessed  but  little  permanence  : 
I  irt  is,  therefore,  scarcely  now  practised,  from  the  introduction  of  the  supe- 
r  plan  of  plating  upon  ingots  of  copper,  and  forming  the  utensib  out  of  the 
ds  and  the  wire  made  from  the  ingots. 

Hie  plated  manufacture  is  divided  into  three  departments,  to  each  of  which 
re  it  a  distinct  set  of  workmen.  Those  employed  in  making  vessels  such  as 
required  to  be  raised  by  the  hammer,  are  called  braziers.  The  second  sort 
culed  candlestick-makers,  being  exclusively  employed  in  making  all  the 
ieties  of  these  articles.  The  third  are  called  pierce  workers ;  these  were 
{iully  employed  in  making  articles  with  ornamental  open  work,  such  as 
id-baskets  and  trays  of  different  kinds ;  but  this  species  of  work  has  now 
ome  ohsolete,  since  the  invention  of  plated  wire.  The  articles  in  which 
ne  work  had  been  made,  are  now  formed  by  the  varied  intersections  of 
e%  which  give  great  lightness  and  elegance,  with  less  waste,  and  more  expe- 


Wiously  to  describing  the  different  branches  of  this  art,  we  shall  give  the 
hod  of  preparing  the  plated  sheets  and  wire,  of  which  all  the  different 
det  are  made.  The  ingots  on  which  the  silver  is  laid  are  not  pure  copper, 
an  alloy,  consisting  of  copper  and  brass ;  this  gives  it  a  degree  of  stiffiiess 
Iter  than  that  of  copper,  which  renders  it  less  liable  to  be  deformed  when  in 
.  The  metals  are  melted  to  a  proper  heat,  in  a  peculiar  furnace  appropriated 
hat  purpose.  The  heat  of  the  metals,  and  tne  temperature  of  the  mould 
s  the  metal  is  poured,  are  of  great  importance  as  far  as  regards  the  sound- 
I  of  the  in^ot  When  the  metal  is  too  cold,  and  its  liquidity  of  course 
wileet^  the  impurities  cannot  freely  ascend,  which  causes  imperfection  in 
nbitance.  The  same  effect  may  take  place  from  the  moulds  being  cold ; 
S  vith  the  great  conducting  power  of  the  metal  mould,  rapidly  robs  the 
til  of  its  caloric,  and  lessens  its  liquidity.  The  proper  heat  for  the  moulds  is 
Mvfaat  short  of  burning  the  fat  with  which  they  are  greased  on  the  interior 
&oe«  For  the  ordinary  kind  of  work  these  ingots  are  generally  cut  in  two 
the  middle,  beins  more  convenient  for  plating  than  longer  pieces.  The  next 
wiH  is  to  dress  the  face  of  the  ingot  for  the  purpose  of  receiving  the  silver  on 
B  or  both  sides,  as  it  may  be  intended  to  be  single  or  double  plated.  This  is 
Ntod  by  filing,  which  is  continued  till  the  surface  becomes  entirely  free  from 
>  least  blemish :  this  is  so  important  that  the  naked  eye  should  not  be 
M&ded  upon;  the  surface  of  the  copper  should,  therefore,  be  minutely 
uimed  by  a  magnifier  before  the  silver  is  laid  on.  The  thickness  of  the 
W  to  be  laid  on  the  copper  will  be  best  known  when  it  is  understood  that 
dver,  in  single  plated  metal,  or  that  plated  on  one  side  only,  is  from  eight 
ien  pennyweights  to  the  pound  troy  of  copper ;  and,  of  course,  double  quan- 
when  plated  on  both  sides.  When  the  plate  of  silver  is  cut  to  a  little  less 
1  the  size  of  the  copper  surface,  made  flat  and  scraped  perfectly  clean,  the 
OL,  II.  a  a 
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copper  surface  being  equally  clean,  they  are  laid  together,  and  the  silver  plate 
is  tied  down  with  wire.  A  little  of  a  saturated  solution  of  borax  is  now 
insinuated  under  the  edge  of  the  silver  plate  on  each  side ;  this  ftises  at  a  io« 
red  heat,  and  prevents  the  oxygen  of  the  atmosphere  from  affecting  the  surlio 
of  the  copper,  which  would  prevent  the  adherence  of  the  silver.  In  this  stati 
the  ingot  is  brought  to  the  plating  furnace ;  this  furnace  has  a  grate  on  a  leve 
with  the  bottom  of  the  door.  The  fuel  consists  of  cokes.  The  ingot  is  lak 
upon  the  bare  cokes,  and  the  door  shut  When  it  has  acquired  nearly  a  propa 
degree  of  heat,  the  plater  applies  to  the  hole  in  the  door  to  observe  the  propoi 
point  when  the  process  is  finished.  When  the  silver  and  copper  are  unitiDg 
the  surface  of  the  former  begins  to  be  rivetted,  and  this  is  the  sign  to  nmow* 
the  ingot  from  the  fire  as  quick  as  possible.  The  ingot  being  now  plated,  i 
made  perfectly  clean,  and  is  ready  to  be  rolled.  The  first  rollers  employed  fti 
plated  metal  are  of  cast  iron,  similar  in  size  and  construction  to  those  employn 
for  sheet  iron  and  sheet  copper.  The  metal  is  rolled  cold,  and  annealed  iroa 
time  to  time.  When  it  has  gone  through  the  rollers  a  certain  number  of  times 
it  acquires  a  certain  degree  of  hardness,  so  that  the  rollers  have  not  mod 
effect  upon  it ;  and  if  the  rolling  were  continued,  the  metal  would  crack.  Ti 
remedy  this  evil  the  metal  is  taken  to  a  reverberatory  furnace :  it  is  laid  iipoi 
a  hearth  of  brick  or  fire-stone,  and  the  flame  of  coal  is  made  to  pass  over  it 
the  heat,  however,  is  not  intense,  since  the  metal  is  required  to  be  slowly  heatcc 
to  a  dull  red.  It  may  now  be  cooled  in  the  quickest  way  possible,  to  save  time, 
as  quenching  in  water  does  not  harden  it,  as  is  the  case  with  steel.  It  noi 
passes  through  the  rollers  as  before,  till  it  becomes  hard,  and  then  annealed  and 
rolled  again,  till  it  is  reduced  something  short  of  the  size  reouired.  This  beiq| 
done,  it  is  again  annealed  and  passed  through  a  pair  of  rollers  faced  with  cm 
steel,  and  finely  polished :  this  gives  the  surface  great  smoothness  and  tnitt 
It  is  now  annealed  for  the  last  time  :  after  this  the  sheets  are  immersed  in  hm 
dilute  sulphuric  acid,  then  scoured  with  fine  Calais  sand,  which  fits  them  f^ 
the  workmen  to  shape  into  different  articles. 

:    The  first  mode  we  shall  describe  is  that  of  the  braziers,  or  those  who  WQ« 
with  hammers.     The  nature  of  sheet  metal  is  so  similar  to  copper,  that  ti2 
working  of  it  with  the  hammer,  into  various  forms,  will  be  ver}'  similar  to  tha; 
used  by  coppersmiths,  with  the  difference  of  more  exact  and  complete  tools,  aoM 
greater  care  on  account  of  the  value  of  the  metal.     Formerly  all  the  dUSenat 
shaped  vessels  were  made  with  the  hammer,  which  made  the  price  of  Isboar 
very  great.     Now,  all  vessels  of  simple  form,  and  not  of  large  size,  are  fbrmctl 
in  dies  by  means  of  the  stamping  hammer.     This  operation  is  now  so  genenl 
that  some  manufacturers  employ  as  many  as  six  or  eight  of  these  engines.  Hw 
dies  are,  or  ought  to  be,  maae  of  cast  steel ;  but  it  should  be  as  hard  as  to  vcU 
to  iron,  so  that  the  iron  should  not  be  much  below  the  surface  of  the  die.  WhtB 
the  die  is  placed  upon  the  anvil,  and  the  metal  cut  into  pieces  of  proper  M 
the  next  thing  is  to  surround  the  top  of  the  die  with  a  paste  made  with  oil  id' 
clay,  an  inch  or  two  above  the  surface.    This  cavity  is  now  filled  with  m^ 
lead.   The  under  side  of  the  stamping  hammer  has  a  fiat  face  of  iron  fitted  ials 
it,  about  the  breadth  and  length  of  uie  die ;  this  is  called  the  licker-np.  Wli* 
the  lead  becomes  solid,  the  hammer  is  raised  to  a  certain  height  and  let  U 
upon  it.     The  under  side  of  the  licker-up,  from  being  cut  on  the  surface  iirt* 
teeth  in  shape  like  those  of  a  rasp,  firmly  adheres  to  the  lead,  which  afterwiiA 
rises  with  the  hammer ;  the  metal  is  now  placed  over  the  die,  and  the  hamBW^i 
with  its  lead,  made  to  fall  upon  it  till  the  impression  on  the  metal  ia  compktc* 
If  the  vessel  to  be  stamped  be  of  any  considerable  depth,  two  or  three  dies  0* 
often  used,  one  larger  than  another,  the  last  being  of  the  proper  size  and  ship^ 
It  sometimes  happens  that  when  the  vessel  has  a  long  conical  neck,  therii* 
obliged  to  have  recourse  to  an  auxiliary  operation  called  drafting.     Cylinoncil 
and  conical  vessels  are  mostly  formed  by  bending  and  soldering.     The  benM 
is  performed  on  blocks  of  wood  with  wooden  hammers,  to  avoid  injuring  the  plrt* 
surface. 

Vessels  intended  to  have  other  forms  are  generally  soldered  up  in  a  coiuei 
or  cylindrical  form,  according  as  the  width  at  the  top  and  bottom  of  the 
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varies.     The  metal  is  so  malleable,  even  in  the  soldered  part,  that  a  skilful 

•workman  can  give  almost  any  form  to  a  vessel  with  the  hammer.     Mouldings 

MTe  sometimes  formed  upon  the  edges  of  vessels,  which  serve  to  give  much 

strength  and  stiffiiess,  as  well  as  being  ornamental.     In  forming  substances 

•which  have  a  massive  appearance,  such  as  the  feet  of  tea-urns,  the  handles  of 

vess^  and  plated  tableHipoons,  no  other  metal  is  employed  but  the  sheet 

The   mass   is   formed  of  two  shells,   which,   when  put  together,   form    an 

apparent  solid.     Each  of  the  concave  parts  is  first  filled  with  soft  solder, 

they  are  then  fitted  accurately  together,  and  heat  applied  till  the  mass  fuses, 

ao  that  the  apparently  massive  article  consists  of  a  shell  of  plated  metal 

filled  with  soft  solder.     Bulky  ornaments  in  the  form  of  shells  and  flowers  are 

frequently  put  on  in  this  way ;  some  in  silver :  these  have  a  similar  massive 

vipearance  to,  and  strongly  imitate,  real  plate.     All  goods  formed  by  hand  with 

the  hammer  require  great  labour  in  finishing ;  for,  after  hammering  the  vessel 

into  the  proper  shape,  the  marks  of  the  hammer  appear  like  so  many  flat  places ; 

hut  these  are  removed  from  the  outside  of  the  vessel  to  the  inside,  when  the 

iruide  is  concealed,  as  in  tea-urns :  this  is  effected  by  covering  either  the  anvil 

or  the  hammer  with  a  piece  of  the  stufi*  called  everlasting.     The  roughness  is 

transferred  to  that  surface  in  contact  with  the  everlasting.     In  hammering 

plated  metal  from  time  to  time,  it  requires  to  be  annealed  by  heating  it  red-hot ; 

this  discolours  both  the  silver  and  the  copper.     These  are  cleaned  by  boiling  in 

dilate  sulphuric  acid,  and  scouring  with  Calais  sand.    The  sulphuric  acid  to  the 

'^ater  is  in  very  small  proportion.     If  the  silver  begins  to  appear  black  by 

^Hnling,  the  acid  is  too  much,  and  must  be  watered.     When  the  vessels  are 

finished  in  every  respect  by  the  maker,  and  the  surface  free  from  oxide,  it  fre- 

^nently  happens  that  bits  of  rosin  used  with  soft  solder  adhere  to  it ;  this  is 

T^eiDored  by  boiling  in  a  weak  solution  of  pearl  ashes :  the  same  is  also  used 

Aor  cleaning  the  sunace  of  tinned  copper. 

The  second  mode  of  operation  we  shall  describe  is  the  candlestick-making.   In 
^his  branch  of  the  business  there  is  great  variety.     In  the  commencement  of 
^ii  trade,  the  object  was  chiefly  to  imitate  those  made  of  silver,  and  it  began 
^th  the  prevailing  taste  of  imitating  the  different  orders  of  architecture.     The 
numerous  points  and  prominences  thus  introduced  were  ill  fitted  for  plated 
i&etal,  as  in  a  very  little  time  their  silver  disappeared,  which  gave  them  the 
nunt  ihabby  appearance  possible.    This  obliged  the  manufacturers  to  make 
^hem  more  plam  and  simple,  and  it  was^not  till  the  discovery  of  the  silver  edges 
^  candlesticks  of  plated  metal  began  to  gain  respect  in  the  world  of  luxury 
ttid  fiuhion.    The  stems  of  candlesticks  have  been  made  square ;  some  with 
1^,  others  with  rounded  comers ;  others  oval,  but  the  greatest  number  with 
niond  stems,  which  appear  to  be  the  most  consistent  and  the  most  permanent 
^  these,  the  patent  telescope  candlestick  has  had  the  greatest  run  :  this  con- 
>itti  in  the  cyundrical  part  lengthening  and  shortening  at  pleasure,  by  one  tube 
jlidii^  into  the  other.    The  feet  of  candlesticks,  or  the  base,  are  generally  made 
io  a  £e  by  the  stamp.    The  neck,  which  is  sometimes  small  in  one  part,  is  also 
i^Ded.    The  dish  part  of  the  nozzle  or  socket  is  made  in  a  die,  and  the  tube 
pvtm  the  same  way  as  the  cylindrical  pillar.    These,  for  the  sake  of  neatness 
iBd  expedition,  are  generally  drawn  by  the  wire-drawing  machine,  whether  for 
^ng  or  not.    The  prominent  moulding  and  beads  are  generally  of  silver. 
^  afferent  parts  are  soldered  together,  some  parts  with  hard,  and  others  with 
loft  Mlder.    The  branches  of  canmMticks  are  formed  in  two  halves,  like  the 

t<HD11  fiKt,  &c. 

Iiiitly,  in  forming  such  articles  as  are  made  of  wire,  such  as  bread-baskets, 
^Wtthnckfl,  and  castors,  the  wire  is  bent  into  the  given  form  with  a  wooden 
(■lock  and  a  mallet  When  pieces  require  to  be  soldered  together,  the  joinings 
»Qit  be  accurately  fitt^,  in  order  to  prevent  the  copper  from  appearing.  In 
t^  cases  hard  solder  is  employed.  This  branch  of  plated  manufacture 
Admits  of  extensive  application,  wires  being  capable  of  a  great  variety  of 
positions. 

When  the  different  plated  goods  come  out  of  the  hands  of  the  workmen,  the 
metal,  although  dean,  is  of  a  dull  white  colour,  possessing  no  polish  whatever. 
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This  last  finish  is  called  burnishing,  and  is  generally  performed  by  femalei^ 
distinct  set  of  apartments.  The  bumidiine  tools  are  genendly  made  of  b 
stone,  and  some  of  hardened  steel  finely  pdished ;  the  latter  are  to  buniU 
minute  parts  which  cannot  be  touched  by  the  blood-stone,  which  are  mnpl 
chiefljr  for  the  greater  and  uninterrupted  parts.  The  bits  of  blood-stone  « 
into  little  cases,  made  of  sheet  iron,  and  then  finely  polished.  The  buniii 
if  used  dry,  would  adhere  to  the  silver  in  some  places,  and  would  scratch  in 
of  giving  the  fine  |>olish  :  this  is  obviated  by  frequently  dipping  the  bin 
ing  tool  into  a  solution  of  white  soap.  After  being  burnished  Uiey  are  n 
and  lastly  wiped  with  clean  sheep's  leather. 

plough!  An  instrument  employed  in  agriculture  for  breaking  and  tm 
up  the  soil  in  furrows  expeditiously.  The  invention  is  of  very  remote  anti< 
The  most  ancient  of  ploughs  on  record  are  still  used  in  their  simple  prin 
form,  in  many  parts  of  the  East  Indies.  In  the  following  figures  are  ezhi 
a  correct  delineation  of  one  of  these  miserable  machines,  of  whidi  i 


thousands  are  at  this  time  engaged  in  tilling  the  land  that  supplies  us  witl 
and  other  products  of  agriciuturc.  Fig,  2  is  the  plough,  made  of  wood 
parts  being  bound  together  by  ropes ;  Fig.  3  is  the  yoke,  designed  for  a  pi 
Dufialoes.  T^  husbandman  holds  the  plough  by  one  hand,  while,  in  the  o 
he  holds  the  goad,  Fig,  1,  with  which,  and  his  voice,  he  directs  and  stimn 
the  animals.  The  British  manufacturer  who  may  attempt  to  supply  the  Ai 
husbandman  with  better  instruments,  should,  in  our  opinion,  to  a  certain  ez 
copy  the  form  represented,  however  he  may  improve  upon  it  in  the  stabOr 
his  metallic  substitute,  and  in  the  addition  of  convenient  appendages,  bei 
in  mind  the  well-known  fact,  that  a  workman  who  is  used  to  a  very  inferior 
wfll,  from  habit,  acquire  a  skill  in  using  it  which  he  could  not  exercise ' 
readily  with  on  intrinsically  supenor  tool,  differing  materially  from  his  prev 
one. 

There  are  no  instruments  in  which  there  arc  a  greater  variety  of  formi  t 
ploughs.  Every  country  in  England,  and  almost  every  district,  have  | 
favourites,  which,  in  the  opinion  of  the  operators,  surpass  all  others  in  nti 
The  probability  is,  that  tlie  difference  is  not  \ery  great  in  the  quantity  or 
quality  of  the  work  executed  by  them;  and  that  such  difference  wiO 
general,  bo  in  proportion  to  the  proximity  or  remoteness  of  the  district,  ti 
or  city,  where  the  construction  of  ploughs  is  conducted  on  the  large  scale, 
unon  scientific  principles.  As  our  limits  will  not  permit  us  to  eive  even  a  1 
of  the  varieties  that  are  figured  in  the  books,  we  shall  confine  the  subject  ti 
description  of  two  modem  improved  ploughs  (manufactured  under  a  pi 
granted  to  George  Clymcr,  of  London),  one  designed  for  light  and  the  otu 
neavy  land;  referring  our  readers  who  desire  extended  infonnation  on 
important  matter,  to  the  PhughtcrighCs  AssistAint,  by  Grav,  1808 ;  tothc/H 
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^uiiTDSE,  in  the  Oxford  Encgelcpaidia  and  SuppUmatt. 

A  plough  for  light  land  ii  repreaetited  in  the  folloning  cut,  irhicli  ii  a  po- 
Bpective  new.  a  u  the  brcait  j  frtbebesra;  c  the  couUer;  ti  the  coulUr-poiDt; 
g  tbe  ahcre ;  /  lo  much  of  the  land  side  of  the  plough  ai  can  be  leen.  IIib 
(jf  «.m  Tcati  upon  crow  pieces  at  the  head  of  Ihe  plough,  and  ii  there  aecured 
l^y^^eljr  br  a  tranirerae  acren-bolt  g.  The  hind  part  of  the  beam  is  secured  by 
B  0ov«^  ^n  pasting  through  it,  and  through  one  of  the  aeTeral  holes  in  toe 
l^xad  ^Ait ;  Aia  jm  being  ibifted  from  one  hole  to  the  other,  and  the  heam  b 
turning  upon  the  bolt  ji  at  a  fulcrum,  it  is  raised  or  depressed,  so  as  to  adjust  it* 


■ng1«  (^incliD&tion  with  the  horizon  at  pleaiure,  causing  thereby  the  plough  to 
=»t  «.  deeper  or  a  shallower  furrow.  The  e^jUElment  in  a  UtDral  direction  w 
^ected  b;  placing  several  rings  upon  the  bolt,  by  the  shifting  of  which  the 
(^ectian  or  the  beam,  with  respect  [o  llie  land  side,  is  altered,  so  as  to  make  • 
■'^'^er  or  narrower  ftirrow  i  and,  by  the  same  niciins,  the  plough  is  adapted  to 
*  nngle  or  double  l«Bin  of  horses. 

The  plough  for  heavy  land  is  vety  timilar  jn  its  construction  to  Ihe  one  jutt 
^'■cribed,  except  the  breast  a,  which  is  materially  different,  as  shown  in  the 
^ving  cut,     b  is  the  beam  ;  e  the  coulter,  which  is  of  the  old  kind,  that 


^famd  the  most  efficacious  in  vctEoile;  it  is  fixed  to  nn  elotigatcd  part  on 
lie  bad  side  ;  d  it  the  share.  ThcEC  jilougha  iire  cxlrcnicly  light,  mid  are  out 
t»plliCT,  or  taken  to  pieces,  in  a  few  minutes,  being  fastened  togctlier  by  a  few 
•""-bolta;  they  are,  therefore,  extremely  well  Ednplcd  for  exportation,  and 
^  <M  in  hot  climates.  We  have  been  informed  by  a  practical  agricnllurisl, 
■InliaiseTeiilortheBe  ploughs  in  use,  that  Ihey  turn  the  land  well,  and  leave 
I  putieiilarly  dean  and  even  bottom. 

PLUMB-LINE.  Au  inslntmcnt  used  by  buildcra,  consisting  of  n'  leaden 
•••gilt,  or  hob,  suspended  lo  the  ?nd  of  a  line,  used  lo  diilcmiine  the  perpendi- 
<^y  of  their  structures  to  the  horizon. 

HtlMB-BULE.  A  simple  instrument,  for  ihe  snme  purpose  as  the  fore- 
1*^;  hut  in  lliia  the  bob  is  suepcndtd  to  the  cud  of  a  Elrniglil  honiii  with  a 
"« nuked  down  the  ccnirc ;  so  thai  when  li.e  rdfe  of  the  Wnil  »  ^iawtt 
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against  the  wall  or  oilier  object,  the  plumb-line  should  exactly  coincide  with 
the  line  marked  on  the  board,  to  be  vertical ;  and  the  amount  of  deviation  from 
the  vertical  line  is  precisely  ascertained  by  the  angle  of  divergence  between 
the  two  lines. 

PLUMBAGO.  Graphite,  or  black  lead,  is  an  ore  obtained  from  the  mines  of 
Keswick  and  Borradaile,  in  Cumberland,  from  Ayr  in  Scotland  and  other  plac^ 
It  occurs  in  beds  of  various  thickness,  and  constitutes  an  important  article  in 
commerce.  The  finer  kinds  are  boiled  in  oil,  and  afterwards  sawn  into  the 
required  pieces  to  make  pencils.  A  considerable  quantity  is  used  for  blacking 
and  polishing  the  fronts  of  stoves  and  numerous  other  purposes.  It  has  been  very 
common  to  apply  it,  in  its  impure  state,  to  reduce  friction  in  machinery  and  rulh- 
bing  surfaces ;  and,  very  recently,  Mr.  Lewis  Hebert,  of  Chelsea,  has  applied  it, 
in  a  very  refined  state,  as  a  substitute  for  oil,  in  diminishing  the  friction  of  the 
rubbinor  parts  of  clocks.  He  applied  it  to  a  sidereal  time-piece,  in  January, 
1816,  between  which  period  and  1827  the  time-piece  was  cleaned  three  times 
without  renovating  the  plumbago ;  the  friction  places  being  only  wiped  with  a  fine 
muslin  rag.  In  a  communication  to  the  Society  of  Arts,  in  1827,  eleven  years 
after  the  plumbago  had  been  applied  only  once,  he  states,  that  the  time-piece  was 
going  as  well  as  ever.  He  found  a  great  difiiculty  in  applying  it  to  the  jewelled 
pallats  of  the  escapement,  but  obviated  it  by  applying  it  to  the  friction  plane  of 
the  teeth  of  the  swing  wheel ;  and  he  adds,  "  so  ever  since  the  clock  has  gone 
without  oil." 

The  process  of  applying  the  plumbago  is  thus : — ^Take  about  a  quarter  of  a 
pound  of  the  purest  black  lead,  the  brighter  the  better ;  reduce  it  to  a  very  fine 
powder  in  a  metal  mortar,  and,  to  judge  if  it  is  fine  enough,  take  a  small  pinch 
of  it  between  your  fingers;  after  rubbing  it  a  few  seconds,  if  it  does  not  feel 
lumpy  or  gritty,  but  smooth  and  oily,  it  is  good,  and  beaten  enough ;  have  a 
glassful  of  filtered  water,  take  some  of  the  powdered  plumbago  with  the  dean 
blade  of  a  knife,  spread  it  on  the  water,  and  stir  it  well ;  cover  the  glass,  and  let 
it  stand  for  two  or  three  hours ;  at  the  top  of  the  water  will  be  a  kind  of  cream, 
skim  it  off  with  a  card,  and  lay  it  upon  a  sheet  of  paper ;  when  dry,  put  it  in  a 
box,  to  exclude  the  dust  from  it ;  put  the  sediment  aside,  repeat  the  process  with 
some  other  water  and  plumbago,  until  you  have  acquired  a  sufficient  quanti^ 
of  fine  powder  for  your  purpose;  when  the  whole  of  the  powder  is  dry,  pound  it 
again  in  the  mortar,  or  bruise  it  with  the  bowl  of  a  silver  spoon,  upon  a  clean 
sheet  of  paper,  and  repeat  the  same  process  two  or  three  times ;  if  the  lead  is 
pure,  no  more  sediment  will  go  down ;  if  some  does,  wash  and  dry  it  once  or 
twice  more :  as  soon  as  no  sediment  remains,  you  may  be  sure  that  the  plum- 
bago dust  is  pure,  and  cannot  cause  any  mischief  to  the  pivots  and  holes ;  poor 
some  alcohol  (the  strongest  spirits  of  wine,)  into  a  small  glass ;  having  wiped 
the  pivots  of  the  wheels  and  the  holes  of  die  plates  very  clean,  immerse  them 
into  the  spirits,  and  immediately  into  the  plumbago  powder,  they  will  be  covered 
with  it ;  take  a  small  pencil  brush,  such  as  is  generally  used  by  miniature  pain- 
ters, dip  it  into  the  spirits,  and  fill  the  pivot  holes  with  it ;  introduce  some 
powder  into  them  with  your  finger,  by  rubbing  the  plates  over  the  holes  till 
the  powder  is  even  with  their  surfaces  ;  put  in  the  wheel  and  make  it  revolve 
in  the  frame  for  five  or  six  minutes ;  do  the  same  to  every  wheeli  and  also 
repeat  it  two  or  three  times ;  then  the  holes  and  pivots  will  be  charged  with  a 
thm  crust  of  plumbago,  smoother  than  any  polish  you  can  give  them ;  the  pieee 
will  go  twice  as  long  without  cleaning  as  with  ou,  and  trmv ;  if  its  movement 
is  entirely  secluded  from  dust,  there  will  be  no  necessity  of  cleaning  it  for  twelve 
years,  which  will  be  about  the  time  for  renovating  the  plumbago. 

PLUMBERY.  The  art  of  casting  and  working  lead.  See  the  article  Lead 
in  this  work  ;  also  NkhoUofCs  Practical  Builder, 

PLUNGER.  A  long  solid  cylinder,  sometimes  used  in  force  pumpt  instead 
of  the  ordinary  pistons  or  buckets. 

PLUSH.  A  Kind  of  stuff  having  a  sort  of  velvet  nap  or  shag  on  one  lidfl^ 
composed  regularly  of  a  woof  of  a  single  woollen  thread  and  a  double  warp; 
the  one  wool,  of  two  threads  twisted,  the  other  goats'  or  cameb'  hair.  Some 
plushes  in  imitation  of  the  foregoing  are  made  of  other  materials. 
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[OUETER.  An  inslnimcnt  foi  measaring  tlie  qouititjr  of  rein  thit 
fifen  thne.     See  RjttN-oAuoE. 

mATICS  treat  of  the  mechanical  propertie*  of  sir,  gam,  and  vapoura. 
mn,  and  vapoura  not  in  contact  witli  the  liquidi  from  vhich  they  rig«, 
'iheaame  general  propertiM;  (hat  ia,  the}' oil  poaieia  weight  andiner- 
•trabilit]',  compreuibiliCy,  and  elasticity.  The  impenetrability  of  air 
ida  maniieit  by  the  imposaibilily  of  bringing  together  tlie  oppoute  aidea 
a  Uadder.  It  may  be  alio  shown,  by  taking  a  cylinder  with  a  amoodi 
fitting  a  piaton  or  plug  into  it  n>  closety  that  the  aii  may  not  paaa  be- 
ddoaand  the  tube;  it  will  then  be  found  that  no  power  ne  can  command 
Ibe  plug  to  the  bottom  of  the  cylinder.  In  making  thii  experiment, 
ve  oMerve  two  of  the  most  important  propertiei  of  air,  viz.  ill  com- 
r  and  elasticity ;  for  although  the  plug  cannot  ho  forced  to  (he  Irottom 
inder,  yet  It  may  be  considerably  depreaied,  so  that  the  air  ii  reduced 


It  posieuei  weight  and  inertia; 
It  exerta  an  etjaal  preuure  in  every  direction ; 
]  t  it  compremble  and  elaatic. 
n  apeak  of  each  of  these  propertir- 
lo  deacribe  the  air  pump,   *"  '' 
iftal  in  pneumatic  ei- 
In    the    annexed 
'•presentation,  A  and 
iMrrels  of  the  pump, 
■t  be  perfeclly  cyUn- 
imooth  within.     C  is 
cirer  placed  upon  the 
m  £;  and  D  ia  a  pipe 
"'"'ngiriih  iher 


;  but  first  it  may  be 
which  ii  in  the  higheU 


md  d 


at  the  bottom  of  the 
pming  upward!  ;  a 
valves  in  the  pitlonj, 
rt  fit  into  the  barrels 
greatest  accuracy ;  e 
ncka  aitacbed  to  the 
•d  vhich  are  moved 
and    downwerda    by 

the  toothed  wheel  g,  which 

ntical ;  but 

«  workmanahip 
working  thi: 


turned  by  a  winch  fixed  on  ill  axis. 
1  a  common  waterpump,  it»  principle  will  be 
much  lighter  and  more  elastic  fluid,  it  will 
r  pump  to  be  of  the  most  accurate  deacrip- 
'  that  aa  the  piston  ii 


^  ia  pump  it  will  be  acen  that  aa  the  piston  in  B  ia  raised,  the 
jnTioualy  Riled  only  the  receiver  and  the  pipe  D  will  he  expanded 
dieily  so  as  to  fill  die  barrel  also ;  by  (he  next  motion  of  the  handle 
ii  depressed,  and  the  air  wlihiiv  the  barrel  becoming  compreaied  will 
Talve  b,  and  open  (hat  at  a,  throueh  which  it  will  facape  into  the 
re.  When  the  pialon  ia  again  raised,  the  air  left  in  the  receiver  will 
txpanded  ao  as  to  fill  the  barrel,  and  on  being  depressed,  the  air  will 
befbre.  We  hare  only  in  this  proccaa  noticed  one  hatrel,  but  the 
both  is  aimilar ;  while  one  is  filling  by  the  expansion  of  the  air  in  the 
lie  other  it  emptied  into  the  surrounding  atmosphere.  By  this  altei^ 
a  of  the  piatona,  the  air  within  becomes  considerably  rarefied,  but  as 
n  withdrawn  is  always  a  definite  part  of  what  was  previously  in  the 
it  ii  manifest  that  a  perfect  vacuum  cannot  be  obtained.  We  have 
t  air  has  weight :  this  may  easily  be  shown  by  means  of  the  air  pump. 
t  a  glaw  or  other  vessel  holding  exactly  a  qoail,  and  furnished  witb  » 
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stop-cock  that  will  fit  into  the  hole  in  the  middle  of  the  pump  plate,  we^  ma} 
exhaust  or  withdraw  nearly  the  whole  of  the  air  from  the  vesscL  Now,  if  wi 
weigh  the  empty  vessel,  and  afterwards,  by  turning  the  stop-cock,  let  in  the  air, 
the  difference  of  weight  in  the  bottle  will  show  the  weight  of  the  quantity  ol 
air  admitted :  this  will  be  about  seventeen  grains,  varymg  at  different  timcii 
both  on  account  of  changes  of  density  which  take  place  in  the  atmosphere,  woi 
the  varying  quantity  of  aqueous  vapour  that  it  may  contain.  The  inertia  ot 
air  may  be  seen  in  the  resistance  it  offers  to  the  motions  of  bodies  immeTsed  fa 
it  Two  sets  of  small  brass  vanes  are  sometimes  put  into  motion  by  the  aanu 
force  under  the  receiver  of  an  air  pump.  While  the  vanes  in  both  are  tome^ 
one  way,  they  revolve  for  the  same  length  of  time  whether  in  the  air  or  in  i 
vacuum ;  but  if  in  one  of  them  the  broad  surfaces  of  the  vanes  are  turned  ii 
the  direction  of  the  motion,  and  in  the  other  the  narrow  edges,  a  markec 
difference  is  observed.  In  an  exhausted  receiver  they  continue  in  motioi 
during  equal  times,  but  in  the  air,  that  which  cuts  the  atmosphere  with  ill 
edges  continues  moving  for  some  time  after  the  other  is  at  rest 

Another  experiment  illustrative  of  the  same  fact  is  termed  the  euinea  aai 
feather  experiment.  A  Ion?  receiver  is  placed  upon  the  pump  plate,  and  i 
guinea  and  a  feather  are  attached  at  the  top  to  a  little  piece  of  apparatus  bv  whid 
they  may  be  disengaged  at  the  same  instant  While  the  receiver  is  full  of  air 
the  guinea  reaches  the  pump  plate  before  the  feather,  but  when  the  air  is  takei 
from  the  receiver,  the  guinea  and  feather  fall  with  exactly  the  same  velocity. 

Since  air  is  fluid,  it  will  manifest  the  common  properties  of  fluids ;  as,  fii 
example,  pressure.  If  a  small  vessel,  similar  to  the  one  here 
represented,  be  placed  over  the  hole  in  the  pump  plate,  and 
the  hand  placed  closely  over  the  top,  when  the  pump  is 
worked,  the  hand  will  be  held  firmly  on  tlie  glass  by  means 
of  the  downward  pressure.  In  the  same  way,  tne  glass 
receivers  are  held  firmly  on  the  pump  plate.  If  a  bladder  be 
made  wet,  and  tightly  stretched  over  the  top  of  the  glass, 
then  dried  and  placed  over  the  hole  of  the  air  pump,  as  soon 
as  the  pump  is  worked,  the  bladder  will  appear  concave  at 
the  top,  and  will  eventually  be  burst  by  the  great  pressure  of 
the  superincumbent  air.  Another  apparatus,  admirably 
adapted  to  evince  the  great  pressure  of  the  aur  in  all  direc- 
tions, is  what  are  termed  the  Magdeburs^  hemispheres.  It 
consists  of  two  hemispheres  of  brass,  having  their  edges 
accurately  ground,  so  that  they  may  fit  together,  as  in  the 
annexed  representation.  The  part  a  of  the  lower  hemisphere 
is  screwed  mto  the  hole  of  the  pump  plate,  and  the  sdr  may 
then  be  exhausted.  If  then  the  handle  b  be  screwed  on,  two 
persons  may  endeavour  to  separate  them  by  pulling  in  oppo- 
site directions,  or  they  may  be  suspended,  and  a  weight 
attached  to  the  lower  one.  It  has  been  ascertained  that  me 
actual  amount  of  the  air*s  pressure  is  about  15  pounds  on 
every  square  inch  of  surface ;  hence  may  be  calculated  the 
force  with  which  the  hemispheres  are  held  together,  or  the 
absolute  pressure  upon  any  surface  whatever.  Let  us  suppose 
that  the  diameter  of  the  hemispheres  is  4  inches,  then  the 
area  of  each  of  the  circles  in  contact  with  each  other  will  be  12|  inches,  b^ 
multiplving  this  by  15  lbs.  we  obtain  187|  lbs.  as  the  pressure  by  which  Ai 
hemispheres  are  held  together.  In  the  same  way  we  may  ascertain  the  aflMRmt 
of  pressure  upon  the  human  body.  Suppose  the  outer  surface  of  a  middle-flfl' 
man  to  be  about  14  square  feet,  then  multiplying  this  by  2160  lbs.  the  pci* 
sure  on  a  square  foot,  we  obtain  SO, 240  lbs.  as  the  pressure  upon  the  M[ 
of  an  individual  of  moderate  size.  If  the  barometer  shouJd  fall  an  inch,  whin 
it  frcauently  does  before  rain,  we  are  released  from  a  pressure  of  upwards  « 
^^2?-  "• '  *^"'  ^y  diniinishing  the  tension  of  the  different  parts  of  the  body,* 
suflScient  to  account  for  that  lan^^uor  which  is  commonly  complained  of  in  bii 
weather.    This  apparatus  wasonghially  designed  by  Otto  Gucrickc,  of  Mag^ 
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e  required 


bnrg,  and  wm  cotutmcted  on  i 
to  ■eparale  the  hemiiphercs. 

The  ordinaiv  or  natuml  itat«  of  the  air  (ai  we  are  in  the  habit  of  calling  it,) 
is  »  coniprenea  Hate ;  if  we  attempt  to  alter  it  either  by  further  comp«i*ion,  or 
by  taking  off  the  pretwre,  the  eloaticily  or  repulsion  of  the  part*  U  imme- 
diately DunifeiL      Tlie  law  of  campreaeion  within  certain  limits  ii  eiceed- 


ias'y  aimple,  and  may  be  easily  verified.  Let  a  long  glass 
tube  be  doeed  at  one  end,  ai  in  the  accompanying  repreaen- 
~^     '  '  '     ~"     r  40  inchea  in  lenetli, 


e  be  cioeed  at  one  end,  ai  ir 

tstion.     The  longer  leg  may  hi 

the  ■borter4.  Suppoee  ihe  tube  placed  in  an  upright  poailTciii, 
and  a  Ultle  mercury  poured  into  it  up  to  the  levelafr,  then  a 
cylinder  of  air  £  i  will  be  encloied  and  prevented  from  eacaping. 
If  now  more  mercury  be  poured  into  the  longer  leg  till  it 
lite  to  i  in  the  shorter,  the  height  of  mercury  in  the  longer 
lex  above  the  level  cd  will  be  found  to  be  about  10  inchea, 
which  U  j  of  the  uaual  atmoipheric  presaure.  The  whole 
premirc  upon  the  column  d  i  being  made  up  of  the  preaiure 
of  the  external  air.  together  with  that  of  the  10  inchea  of 
meicoiy,  will  be  j  of  the  atmoipheric  preiaure,  and  the  apace 
now  occunied  by  the  air  ia  |  of  the  onginal  space.  If  more 
lurrcury  be  added,  so  that  the  column  may  he  30  inchea 
high,  the  whole  preaaure  will  be  double  the  almoapheric  prea- 
■ure,  and  the  apaca  into  which  the  air  will  be  compreaied  ia 
one-half.  If  we  examine  the  result  of  a  number  of  trialt 
"Udein  this  tray,  ne  shall  find  them  u  folloni: — 


^S' 


Comprcning  force  . 
Space*  occupied,    . 


1  . 


If  n  eiamine  theae  Iho  rowa  of  fractions,  we  ahall  find  that  the  lower  are 
*"e  redprocals  of  the  upper ;  whence  we  see  that  the  spaces  occupied  by  the 
F^^liipressed  air  are  inveraely  as  the  compressing  forces.  But  as  the  density  ii 
^vntcly  as  the  apacea  occupied,  it  ia  evident  that  the  compressing  force  is  pro- 
(''^tioDal  to  the  density ;  and  further,  since  the  elasticity  ot  the  included  air  it 
I^tipanional  to  the  compressing  force,  it  is  alao  manifest  that  the  elasticity  it  a* 
^«  densily,  that  ia,  if  the  density  be  doubled  or  tripled,  the  elasticity  will  be 
••^bled  OT  tipled,  Ac. 
,  'fhe  elasticity  of  air  by  the  removal  of  the  pressure  gives 
^*c  to  a  variety  of  entertaining  expeiimenta.  If  a  bladder 
Outlining  a  small  portion  of  air  be  placed  under  the  receiver 
5^  an  air  pump,  wnile  the  air  it  exbauating  the  bladder  will 
^  oUtrved  to  expand  till  it  appears  lully  blown ;  on  the  re- 
^*itiy  of  the  air  the  pretture  will  immediately  reduce  the 
^eluded  air  to  its  primitive  dimenaions,  and  the  sidea  of  the 
'ladder  will  collapse.  At  the  larger  end  of  an  egg  there  ia 
*  tntbhle  of  air  between  the  shell  and  the  inner  skin  :  if  a 
^<>le  be  made  at  the  smaller  end,  and  the  egg  be  placed  with 
^9  bole  downwards  in  a  wine-glass,  under  the  receiver  of 
*j^  air  pump,  as  aoon  it  the  air  is  begun  to  be  withdrawn, 
T^t  air  within  the  eeg  will  expand  and  force  out  the  contents 
''lU)  the  glass.  When  the  air  re-enters,  by  careful  manage- 
''nt,  the  whole  may  he  forced  into  the  shell,  so  as  to  have  its 
^i^nal  appearance.  Upon  this  principle  fountains  may  be 
^Irived.  If  a  glast  or  other  vessel  similar  to  the  one  here 
^paented,  having  a  tube  reaching  nearly  to  the  bottom,  be 


GQed  with  water,  and  then  placed  under  a  tall  receiver 
Bpamp  i^atc,  the  action  of  the  pump  commences,  the 
me  put  a  not  being  able  to  escape,  expands  itielf  ai 


*  itemil  preasuTc  is  removed,  and  forces  the  water  before 
f  the  pipe,  10  u  to  form  a  continuous  stream  till  thelevd 
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of  ihe  water  reaches  tlie  lower  end  of  the  tuhe.    If  the  air 

in  the  part  a  could  be  compreesed  so  that  its  elasticity  might 

exceed  that  of  ordinary  atmospheric  air,  the  fountain  wtmld 

act  without  being  placed  under  a  receiver.    For  this  purpoae 

a  condensing  or  compressing  syringe  would  be  necessary  to 

force  air  into  the  upper  part  of  the  vessel.   The  compressing 

syringe  differs  but  little  from  one  of  the  barrels  of  the  air  pump. 

It  has,  )iowever,  no  valve  in  the  piston,  but  one  at  the  end  o, 

opening  outwards,  and  which  ma^  be  easily  formed  by  tying 

over  the  hole  a  small  piece  of  oiled  silk.     When  this  appa* 

ratus  is  to  be  used,  the  end  b  is  screwed  into  the  moutn  of 

the  vessel  into  which  air  is  to  be  forced ;  and  the  piston 

being  then  raised  above  the  hole  a  in  the  side,  the  syringe 

becomes  filled  with  air :  the  piston  is  then  depressed,  and  £e 

air  is,  by  its  descent,  forced  mto  the  vessel,  and  from  which 

it  cannot  return  on  account  of  the  valve  at  b  opening  only 

downwards.    The  piston  is  again  raised  till  above  the  hole, 

and  another  barrel  full  of  air  is  injected  into  the  receiver. 

This  process  may  be  continued  till  the  air  is  considered  of 

sufficient  density,  which  may  be  easily  ascertained  by  knowing  the  propoirtkl 

capacity  of  the  syringe  and  the  receiver.    If  the  receiver  contaiii  twelve  ti 

as  much  as  the  syringe,  twelve  chanses  of  the  syringe  will  be  necesiary  to  dm 

the  density  of  the  air.     It  is,  pernaps,  scarcely  necessary  to  remark  that 

receiver  must  be  strong  and  furnished  with  a  stopcock  or  valve,  so  that  w 

the  syrine;e  is  separated  from  it  the  air  may  not  escape.    For  farther  into 

tion  on  this  science,  see  Atmosphere,  Air,  Barometer,  &c. 

PONDERABILITY  is  a  quality  of  bodies  that  relates  to  sensiUe  weight 
ponderable  body  is  one  that  possesses  sensible  weight  A  great  difference  ci 
m  the  relative  weights  of  different  substances.  Thus  platinum  is  23  timet  hm 
than  water ;  water  840  times  heavier  than  air ;  and  air  14  times  heavier  ti 
hydrogen  eas.  Platinum  is,  therefore,  170,480  times  heavier  than  hydrogen j 
It  will  readily  be  understood  that  if  anv  substance  exists  that  is  as  much|tt| 
than  hydrogen  as  hydrogen  is  lighter  than  platinimi,  the  weight  of  soehali 
would  be  aosolutely  inappreciable  by  any  of  our  present  mstruments;  a 
bodies  would,  therefore,  be  called  imponderable.  In  the  ordinary  divniaa 
simple  substances  at  present  in  use  by  chemists,  the  whole  are  classed  failD  p 
derables  and  imponderables :  the  imponderable  substances  are,  heat,  lu^  i 
electricity.  Some  persons  have  supposed  that  the  idea  of  impondenhte  iMi 
is  absurd,  and  that  gravity  is  a  universal  property  of  bodies.  However  tUi  a 
be,  if  we  consider  ponderability  as  indicating  our  ability  to  weigh  the  be^Ti 
will  be  manifest  that  heat,  light,  and  electricity  may,  with  considerahle  joslM 
be  termed  imponderable. 

PORCELAIN.  A  fine  kind  of  semi-transparent  earthenware,  in  imM 
of  that  made  in  China,  and  hence  called  Chma-ware.  The  combinstiM 
silez  and  argil  is  the  basis  of  porcelain ;  and,  with  the  addition  dT  variooip 
portions  of  other  earths,  and  even  of  some  metallic  oxides,  forms  the  dito 
varieties  of  pottery,  fVom  the  finest  porcelain  to  the  coarsest  eartheiivi 
Though  silicious  earth  is  the  ingredient  which  is  present  in  largest  prapprf 
in  these  compounds,  yet  it  is  the  argillaceous  which  more  particuuuiy  g^ 
them  their  character,  as  it  communicates  ductility  to  the  miztura  wbsa  > 
and  renders  it  capable  of  being  turned  into  any  shape  on  the  lat^  itti 
being  baked.  The  clays  are  native  mixtures  of  these  earths;  bat  they  are  ifl 
rendered  unfit  for  the  mannfiMture  of  at  least  the  finer  kinds  of  noroelaiDi  ft 
other  ingredients  which  they  also  contain.  The  perfection  or  porodaia  ^ 
depend  greatly  on  the  piurity  of  the  earths  of  which  it  is  oompoiadf  I 
hence  the  purest  natural  clays,  or  those  consisting  of  silez  and  arj^  di 
are  selected.  Two  substances  have  been  transmitted  to  Europe  as 
materials  from  which  the  Chinese  porcelain  is  formed,  which  have  I 
'  named  Kaolin  and  Peturue.  It  was  found  difficult  to  procure  in  £■ 
natural  clays  equally  pure,  and  hence,  in  part,  the  difnculty  of  inula 
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^e  poreekun  of  tho  East.     Such  clays,  however,  have  now  been  discovered  in 
ditferent  conntries;  and  hence  the  superiority  to  which  the  European  porcelain 
has  attained.  The  fine  Dresden  porcelain,  that  of  Berlin,  the  French  porcelain, 
and  the  finer  kinds  which  are  formed  in  this  country,  are  manufactured  of  such 
clay,  which,  fimn  the  use  to  which  it  is  applied,  has  received  the  name  of  porce- 
lain earth,  and  which  rapears  in  general  to  be  derived  from  the  decomposition 
of  ftlspar  of  granite.    It  appears,  also,  that  natural  earths  containing  magnesia 
are  used  with  advantage  in  the  manufacture.    The  proportion  of  the  earths  to 
each  other  must,  likewise,  be  of  importance ;   ana  from  differences  in  this 
resMct,  arise,  in  ^fait,  the  differences  in  the  porcelain  of  different  countries,  as 
well  as  the  necessity  frequently  of  employing  mixtures  of  natural  clays,    llie 
axgQ  communicates  tenacity  and  ductility  to  the  paste,  so  that  it  may  be  easily 
'WTDught ;  the  iilex  fives  hardness  and  ififusibility ;  and  on  the  proper  propor- 
tion of  these  depenoa,  in  a  great  measure,  the  perfection  of  tlie  compound. 
The  proportion  of  silez  in  porcelain,  of  a  good  quality,  is  at  least  two-thirds  of 
the  composition  ;  and  of  arsil,  from  a  fifth  to  a  third.     Magnesia  is  of  use  by 
l^awning  the  tenden<nr  whicn  the  composition  of  silex  and  argil  alone  has  to 
contract  in  baking,  which  is  inconvenient  in  the  manufacture.    See  PoTTEar. 
^  FOfiOSITY  is  a  term  in  physics,  opposed  to  density,  and  signifies  the  rela- 
^Te  proDortion  of  matter  and  space  included  within  the  exterior  superficies  of  a 
^Hidv.  Tne  volume  of  a  bod^r  is  the  quantity  of  space  included  within  its  external 
fmnees.  The  mass  of  a  body  is  the  collection  of  atoms  or  material  particles  of  which 
>t  consists.    Two  atoms  or  particles  are  said  to  be  in  contact  wnen  their  nearer 
^fproaeh  is  resisted  by  their  mutual  impenetrability.  If  the  component  particles 
^m  in  contact,  the  volume  and  mass  would  be  identical ;  but  there  is  good 
evidence  to  prove  that  the  particles  of  no  known  substance  are  in  contact. 
Hence  it  follows  that  the  volume  of  a  body  consists  partly  of  material  particles, 
*ad  pv^  of  interstitial  spaces^  which  are  either  empty  or  filled  with  some 
tuber  diflerent  substance :   these  interstitial  spaces  are  called  pores.    In  bodies 
^miisnidy  conitituted»  the  component  particles  and  pores  are  uniformly  distri- 
WfeedUiBDiigh  the  volume;  that  is,  a  given  space  in  one  part  of  the  volume 
irill  eoDtain  the  same  quantity  of  matter,  and  the  same  quantity  of  pores  as  an 
Cfyl  Bfiaee  in  another  part    The  proportion  of  the  quantity  of  matter  to  the 
fesgaitude  of  a  body  is  called  its  density :  if,  of  two  substances,  one  contains 
ia  a  given  space  twice  as  much  matter  as  the  other,  it  is  said  to  be  ''  twice  as 
^nse."    Tne  density  of  bodies  is,  therefore,  proportionate  to  the  closeness  or 
fmimitr  of  their  particles ;  and,  consequently,  the  greater  the  density  the  less 
viU  be  their  porosity.     The  pores  of  a  body  are  frequently  filled  with  another 
iodv  of  a  more  subtue  nature.     If  the  pores  of  a  body  on .  the  surface  of  the 
cm,  and  exposed  to  the  atmosphere,  be  greater  than  the  atoms  of  air,  then  the 
■r  will  pervade  the  pores :  this  is  found  to  be  the  case  in  many  sorts  of  wood 
vUeh  have  open  grain.     If  a  piece  of  such  wood,  or  of  chalk,  or  sugar,  be 
fNaed  to  the  Dottom  of  a  vessel  of  water,  the  air  which  fills  the  pores  will  be 
flknned.to  escape  in  bubbles,  and  to  rise  to  the  surface.     If  a  tall  vessel  or 
fsbi^  having  a  wooden  bottom,  be  filled  with  quicksilver,  the  liquid  metal  will 
W  feieed  by  its  own  weight  through  the  pores  of  the  wood,  and  will  be  seen 
tMniag  in  a  silver  shower  from  the  bottom. 

Tne  process  of  filtration,  in  the  arts,  depends  on  the  presence  of  pores  of 

Mdi  a  magnitude  as  to  allow  a  passage  to  the  liquid,  but  to  refuse  it  to  those 

^upBitiea  from  which  it  is  to  be  disengaged.     Various  substances  are  used  as 

ftm;  hot  whatever  be  used,  this  circumstance  should  always  be  remembered, 

ftit  no  substance  can  be  separated  from  a  liquid  by  filtration,  except  that  whose 

fatieies  are  larger  than  the  pores  of  the  filtering  substance.  In  general,  filters 

M  M^  to  separate  solid  impurities  from  a  liquid.    The  most  ordinary  filters 

St  soft  itone,  paper,  and  charcoal.     When  the  liquid  is  of  a  corrosive  nature, 

<■  some  of  the  stronger  adds,  pounded  glass  is  frequently  employed. 

An  organiaed  substances  in  the  animal  and  vegetable  kingdoms  are,  from 
Am  rery  nature*  porous  in  a  high  degree.  Minerals  have  various  degrees  of 
■orostty.  Among  tne  silicious  stones  is  one  called  hydrophane,  which  manifests 
&  porosity  in  a  very  remarkable  manner.    The  stone  m  its  ordinary  state  is 
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semitransparent ;  if,  however,  it  be  plunged  into  water,  when  it  it  wiUidrMi 
is  transparent  as  glass :  the  pores,  in  this  case,  previously  filled  with  avi 
pervaded  by  the  water,  between  which  and  the  stone  there  subsists  a  pfaji 
relation,  by  which  the  one  renders  the  other  transparent.  Oil  or  water  pli 
on  paper  has  a  somewhat  similar  effect  A  good  method  of  obeenrioig 
extreme  porosity  of  woods,  is  to  place  a  piece  at  the  bottom  of  a  twm 
water  placed  under  the  receiver  of  an  air  pump ;  during  the  exhausting  oC 
receiver  the  air  will  be  seen  to  issue  from  a  thousand  pores  on  the  smtei 
the  wood,  and  this  emission  will  continue  for  hours.  As  the  water  enten 
spaces  previously  occupied  by  the  air,  the  body  becomes  heavier ;  and  e 
charcoal  treated  in  this  way  becomes  heavier  than  water.  Large  mawa 
minerals,  by  their  porosity,  produce  most  important  results :  thus  the  rains  wl 
fall,  and  the  snows  that  melt  on  the  mountains,  pass  through  the  pores  of 
various  substances  they  meet  with,  and  issue  forth  to  refresh  the  plams  in  S|ii 
which  are  the  origin  of  the  various  magnificent  rivers  that  at  once  fertilise  i 
adorn  our  globe. 

POTASH,  or  Potassa,  is  the  protoxide  of  potassium.  It  is  called  the  vegeti 
alkali,  because  it  is  obtained  in  an  impure  state  by  the  incineration  of  v^etahl 
Potash  is  always  formed  when  potassium  is  put  into  water,  or  when  it  is  expo! 
at  common  temperatures  to  dry  air  or  oxygen  gas.     By  the  former  methoa  I 

Srotoxide  is  obtained  in  combination  with  water ;  and  in  the  latter  it  is  aal 
rous.     It  consists  of  39.15  parts,  or  1  equivalent  of  potassium,  and  8  part% 
1  equivalent  of  oxygen.     Hydrate  of  potash  is  solid  at  common  tempentnR 
it  fuses  at  a  heat  rather  below  redness,  and  assumes  a  somewhat  crystalline  if 
ture  in  cooling.    It  is  highly  deliquescent,  and  requires  about  half  its  weig^ 
water  for  solution.  It  is  also  soluble  in  alcohol.  It  destroys  all  animal  textnt 
and,  on  this  account,  is  employed  in  surgery  as  a  caustic.     It  changes  the  U 
colour  of  violets  and  cabbage  to  green;  reddened  litmus  to  purple;  andydb 
turmeric  to  a  reddish  brown.     It  has  been  called  lapii  causHcut,  but  is  Hi 
termed  potassa  and  fiised  potassa.     It  is  prepared  by  evaporating  the  a^M 
solution  of  potash,  in  a  silver  or  clean  iron  capsule,  to  the  consistence  of  ou^w 
then  pouring  it  into  moulds.     It  may  be  purified  by  solution  in  alcohol  iv 
evaporation  to  the  same  extent  as  before,  m  a  silver  vesseL     The  openiH 
should  be  performed  as  expeditiously  as  possible,  to  prevent  the  abeoiptiaoi 
carbonic  acid.     A  perfectly  pure  solution  of  potash  will  remain  transparcDlfli 
the  addition  of  lime  water ;  will  not  effervesce  with  dilute  sulphuric  add,  bm 
give  any  precipitate  on  blowing  air  from  the  lungs  through  it  by  means  of  a  tobi 
Pure  potash,  for  experimental  purposes,  may  most  easily  be  obtainef  h} 
igniting  cream  of  tartar  in  a  crucible,  dissolving  the  residue  in  water,  filterivi 
boiling  with  a  quantity  of  quicklime,  and,  after  subsidence,  decanting  the  dvi 
liquid  and  evaporating  in  a  loosely  covered  silver  capsule  till  it  flows  like  4 
and  then  pouring  it  out  on  a  clean  iron  plate.     A  solid  white  cake  of  p* 
hydrate  of^  potash  is  thus  obtained  without  the  agency  of  alcohol ;  it  mm^ 
immediately  broken  into  fragments  and  kept  in  a  well-stoppered  phiaL   PiW 
is  employed  as  a  reagent  in  detecting  the  presence  of  bodies,  ana  in  sep«rfl 
them  from  each  other.     The  solid  hydrate,  owing  to  its  strong  affinity  ^ 
water,  is  used  for  depriving  gases  of  hygrometric  moisture,  and  is  admifiM 
fitted  for  forming  frigorific  mixtures.     Potash  may  be  distinguished  from  iW 
by  a  test  recommended  by  M.  Harkort     Oxide  of  nickel  wnen  fused  \ff^ 
blow-pipe  flame  with  borax,  gives  a  brown  glass;  and  this  glass,  if  melted  triA 
a  mineral  containing  potash,  becomes  blue, — an  effect  whicnis  not  prodneellSI 
the  presence  of  soda. 

POTASSIUM.  A  metallic  substance,  the  base  of  potash:  it  was  disoofcn' 
by  Sir  H.  Davy,  in  1807.  It  was  prepared  by  causing  hydrate  of  potiA 
sughtly  moistened  for  the  purpose  of  increasing  its  conducting  power,  to  eoM 
muiiicate  with  the  opposite  poles  of  a  galvanic  battery  of  200  dodtt 
plat^ ;  when  the  oxygen,  both  of  the  water  and  the  potash,  passed  over  loth 
positive  pole,  while  the  hydrogen  and  the  potassium  appearea  at  the  nentiv 
in  this  way  only  small  quantities  can  be  procured ;  but  it  may  be  formed  mo 
abundantly  by  the  method  of  Guy  Lussac  and  Thenard.    ^This  conaiito 
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igttig  fined  liydrate  of  potaih  in  contact  with  turnings  of  iron  heated  to 
leneM  in  a  gun-baneL  The  iron  deprives  the  water  and  pota^  of  oxygen ; 
rogen  gas,  combined  with  a  little  potassium,  is  evolved,  and  pure  potassium 
limes,  and  may  be  collected  in  a  cool  part  of  the  apparatus.  Potassium  may 
be  prepared  by  mixing  dry  carbonate  of  potash  with  half  its  weight  of 
rdered  charcoal,  and  exposing  the  mixture  in  an  iron  bottle  to  a  strong  heat: 
le^ethods  have  been  improved  by  M.  Brunner,  who  decomposes  potash  by 
ma  of  iron  and  charcoal.  From  eight  ounces  of  ftised  carbonate  of  potash, 
ounces  of  iron  filings,  and  two  ounces  of  charcoal,  mixed  intimatelv,  and 
ited  in  an  iron  bottle,  he  obtained  140  grains  of  potassium.  If  required  to 
Quite  pure,  it  must  be  re-distilled  in  a  green  glass  retort.  Potassium  is  solid 
toe  ordinary  temperature  of  the  atmosphere ;  at  7(K>  it  is  somewhat  fluid, 
siigb  its  fluidity  is  imperfect  till  heated  to  15(K>;  at  50^  it  is  soft  and 
iQeable,  and  yields  like  wax  to  the  pressure  of  the  fingers,  but  it  becomes 
little  when  cooled  to  82^ ;  it  sublimes  at  a  low  red  heat,  without  undergoing 
ny  change,  provided  atmospheric  air  be  completely  excluded.  Its  texture  is 
ryitslline,  as  may  be  seen  oy  breaking  it  when  cold.     In  colour  and  lustre  it 

>  pcisely  similar  to  mercury.  At  60*  its  specific  gravity  is  0.865,  so  that 
•  a  ooni&rably  lighter  than  water.  It  is  completely  opaque,  and  is  a  good 
osdncCbr  of  heat  and  electricity.  As  this  metal  oxidises  rapidly  in  the  air,  or 
I  ioids  containing  oxysen,  it  must  be  preserved  either  in  glass  tubes,  her- 
idieslly  sealed,  or  un£r  the  surfiice  or  liquids,  like  naphtha,  which  contain 
aoijgen.  If  heated  in  the  open  air  it  takes  fire,  and  bums  with  a  purple 
bae;  it  decomposes  water  instantly,  and  so  much  heat  is  disengaged  that  the 
Btlwinm  is  inflamed,  and  bums  vividly  while  swimming  on  the  mirface :  the 
yirogen  unites  with  a  little  potassium  at  the  moment  of  separation,  and  this 
Mpoond  takes  fire,  and  augments  the  brilliancy  of  the  combustion.  Under 
Hff,  a  violent  action  ensues,  without  the  emission  of  light,  and  pure  hydrogen 

>  tfolved:  it  is  also  inflamed  when  placed  upon  ice,  buminff  a  little  hole,  which 

MBM  fiUed  with  solution  of  potasn.     Bendes  uniting  wiUi  oxygen,  to  form 

I  pratoxide  and  peroxide  or  potassium,  it  combines  with  chlorine,  iodine, 

Arogen,  sulphur,  and  phosphoras.     When  potassium  b  placed  in  an  atmo- 

we  iMT  chlorine,  it  spontaneously  takes  fire,  and  bums  with  greater  brilliancy 

Q  in  oxygen ;  the  result  is  the  chloride  of  potassium,  which  is  also  produced 

n  dilorate  of  potash  is  decomposed  by  heat.    Iodide  of  potassium  is  formed 

<.  miision  or  lisht  when  potassium  is  heated  in  contact  with  iodine. 

ragen  and  potassnim  unite  in  two  proportions,  forming,  in  one  case,  a  solid, 

n  die  other  a  gaseous  compound*  llie  solid  hydruret  was  made  by  heating 

riom  in  hydrogen  gas :  it  is  a  grey  solid  substance,  easily  decomposed  by 

or  eontact  with  water.    The  gaseous  compound  is  formed  when  hydrate 

!adi  is  decomposed  by  iron,  at  a  white  heat,  and  it  appears  also  to  be 

ilid  when  potassium  bums  on  the  surface  of  water.  Sulphur  unites  readily 

IM  of  heat,  and  the  compound  sulphuret  of  potassium  becomes  incan- 

t  at  the  moment  of  union.    In  like  manner,  phosphorus  combines  with 

an,  forming  phosphurot  of  potassium. 

ATOES.    A  bulbous  esculent  root,  and  formine  the  basis  of  several 

:tnrei.    Under  the  article  BaxAo  will  be  found  the  description  of  a 

)  and  process  for  separating  the  pure  farina  or  starch  firom  the  others 

ieh  it  IS  naturally  combinecL     Under  the  heads  Alcohol  and  Distil- 

we  also  given  the  processes  employed  for  the  conversion  of  the  potato 

nt  spinL 

CE.  Gum  saiidarach,  pounded  and  sifted  very  fine,  mixed  or  not  with 
9wder  of  the  cuttle-fish  none,  and  used  for  rubbing  on  paper,  to  prevent 
e  thereon  from  sinking  or  blotting. 

Ry  in  Mechanic*,  is  the  force  which,  being  applied  to  any  body,  Undt 
moCioo,  whether  it  actually  produces  it  or  not.  In  the  former  case 
the  moving  power ;  in  the  latter,  the  sustaining  power.  (See  Horse 
The  term  power  is  likewise,  for  the  want  of  a  better  word,  applied  to 
fliyni<»Al  agenti  (as  we  prefer  to  call  them),  namely,  lever,  pulley. 
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inclined  plane,  wheel  and  axle,  wedge  and  screw, — which  lee :  also  the  art] 
Mechanics. 

POTTERY.  The  art  of  making  vessels  from  earth.  In  the  earliert  i^ 
upon  record  pottery  was  manufactured.  The  chief  estabUshments  in  Engli 
are  in  Staffordshire,  in  a  district  called  The  Potteries,  at  Worcester,  JhnA 
Coal-port,  and  LiverpooL  The  potteries  in  Stafibrdshire  employ  many  thooHB 
of  persons,  and  the  value  of  their  produce  was  estimated  at  800,000/L  per  anna 
The  essential  material  of  all  pottery  is  day,  which  of  itself  possestes  tht  t 
requisite  qualities  of  being  in  its  natural  state  so  plastic,  that^  with  water, 
becomes  a  soft,  uniformly-extensible  mass,  capable  of  assuming  and  ret^ni 
any  form,  and,  when  thoroughly  dried,  and  having  undergone  a  red  heat  fin 
time,  of  losing  this  plasticity,  and  of  becoming  hard,  close  in  texture,  and  al 
more  or  less,  perfectly  to  confine  all  liquids  contained  within  its  hollow.  1 
most  important  circumstances  requisite  to  be  considered  in  selecting  the  bm 
rials  for  pottery  are  plasticity,  contractibility,  solidity  and  compactne«  al 
drying,  colour,  and  infusibility.  Wedgewood  was  the  great  improver  of  t 
manuflEicture.  The  processes  employed  at  most  of  the  manufactories  are  ▼« 
similar,  which  may  oe  classed  under  the  following  heads : — Preparation  of  v 
material,  moulding  and  turning,  firing,  printing,  glazing,  and  painting.  1 
shall  describe  these  consecutively,  as  they  are  conducted  at  Spodes  fi 
blishment. 

In  the  preparation  of  the  raw  material^  a  powerful  steam-ennne  peiftn 
many  of  the  processes  formerly  carried  on  by  manual  labour.  The  oodiil 
earthenware  are  composed  of  Kent  flint  and  Westrof-England  clay.  TIm  ii 
is  first  calcined  in  kilns,  similar  to  those  in  which  lime  is  burnt ;  it  k  d» 
broken  by  revolving  hammers,  put  in  motion  by  the  steam-engine,  and  afti 
wards  conveyed  into  the  pans,  paved  with  stone,  to  be  ground  with  water.  1 
the  centre  of  the  pans  there  is  an  upright  shaft,  from  which  several  tranifcn 
arms  branch  out,  naving  very  heavy  stones  plaoed  between  them:  these  sloBi 
moved  horizontally  by  the  steam-engines,  grind  the  flints,  until  they  ftm 
cream-like  liquid,  which  is  let  off  into  the  wash-tub,  where  the  ooanerpaitkk 
are  separated  from  the  fine ;  the  latter  runs  off  into  reservoiis,  and  the  fiiM 
is  carried  back  to  the  grinding-pan.  When  the  nound  flint  is  wanted  kn  tM 
it  is  conveyed  firom  the  reservour  by  a  pump,  woxked  also  by  the  8teani-cB|^ 
The  process  of  prepsring  the  clay,  and  mizine  it  with  the  flint,  la  this  >^Vk 
day  IS  drawn  up  into  the  upper  chamber  of  the  slip-house,  and  there  thiiii 
into  an  iron  box,  in  which  moves  a  shaft,  with  knives  fixed  in  it^  to  eat  A 
lumps  into  small  pieces.  The  day  is  now  laid  in  a  cistern  with  a  proper  fM 
tiW  of  water,  where  it  softens,  and  is  then  put  into  the  *plunging-tnb ;  m  AJ 
tub  the  water  and  clay  are  stirred  until  they  become  thorou^y  mixed.  A 
liouid  is  now  drawn  off  into  another  cistern,  from  which  it  passes  throaj^ 
silk  sieve  into  a  third  cbtem ;  then  into  a  fourth,  throueh  silk  sieves  stiQ  fin 
the  ground  flint  and  other  ingredients  are  now  brought  and  mixed  tsMlkl 
and  the  whde  passes  through  sieves  of  a  greater  degree  of  fineness  ati 
fifth  cistern :  in  this  is  a  pump,  that  throws  it  into  a  trough  for  eonvcyim  i 
into  the  drving  kiln.  AU  these  various  operations  are  worked  by  the  ilM0 
engine,  ana  there  are  fourteen  sieves  in  motion  at  one  time.  After  the  dsf  ki 
been  dried  it  is  taken  from  the  kiln  and  laid  together  in  liuqge  heaps,  and.  Ml 
it  is  worked  into  the  vessels  for  which  it  is  destined,  the  air  bubbles  are  ta 
gaged  firom  it :  this  is  done  by  a  machine  turned  by  the  steun-enffine.  Tl 
machine  is  an  iron  box,  shaped  like  an  inverted  cone,  with  an  iqingnt  AA  i 
its  centre,  to  which  are  affixed  knives  to  cut  the  day  which  is  put  into  tfai  bl 
by  their  rotatoiy  motion,  and,  at  the  same  time,  so  arranged  as  to  ferce  itdiii 
wards  to  a  square  aperture  at  the  bottom ;  it  escapes  through  this  in  a  fli 
dently  compressed  state  for  the  workmen,  and  is  then  cut  into  square  jkttm 
a  convenient  size,  to  he  distributed  in  the  numufisictory.  Near  the  sli  101  nap 
are  workshops  for  those  branches  of  the  trade  which  require  the  aid  of  maduMi 
and  in  this  building  there  are  eight  throwine-wheels  and  twenty-five  tudk 
lathes.    UndemeaUi  these  shops  are  drying-houses,  heated  by  steam,  in  «h 
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tit*  ware  is  dried,  pre?i<ni8ly  to  its  Koing  to  the  oren  to  be  fired;  above  the  work- 
shops is  a  single  room,  capable  of  holiung  200  workmen. 

Moulding  and  TVcnwi^.  —  Tea-cups,  saucers,  basins,  jugs,   and  such  like 

Tcsaels,  reoeiTe  their  first  shane  from  the  hands  of  the  thrower,  who  sits  on  a 

ttool  with  a  flat  drcolar  wooaen  wheel  before  him,  moving  horizontally  on  a 

pivot.     This  wheel  is  set  in  motion  by  the  steam-engine,  and  the  workman  can 

merease  or  diminish  its  velocity  as  there  is  occasion.    Upon  the  centre  of  the 

wheel  the  operator  throws  a  lump  of  clay  of  the  required  size,  and  forms  it 

mto  almost  any  shape,  with  the  utmost  facility ;  it  is  then  cut  from  the  wheel 

by  a  wire,  and  taken  to  be  dried,  that  it  may  acquire  sufficient  hardness  to  fit  it 

for  the  next  operation.    By  turning,  the  superfluous  parts  of  the  clay  are  taken 

off,  M  as  to  render  the  article  perfectly  smooth,  and  to  give  it  the  exact  shape. 

TIm  ladies  on  which  the  vessels  are  turned  are  also  put  in  motion  by  the  steam- 

engiiie^  and  regulated  as  to  speed  by  the  turner  himself.    The  principle  of 

taming  earthenware  is  very  similar  to  that  employed  in  wood  turning.    The 

▼ends  requiring  handles  and  spouts  are  taken  to  the  handling  room,  and  those 

vbich  do  not  want  this  appendage,  after  having  attained  the  requisite  hardness, 

an  sent  to  die  oven  to  be  naked.    The  handles,  made  on  a  mould  of  plaster  of 

Pttii,  sre  fixed  to  the  vessel  with  a  liquid  mixture  of  the  same  material  as  the 

vend  itself. 

Bit  the  formation  of  various  articles  manufactured  in  all  potteries,  moulds 
nude  of  plaster  of  Paris  are  necessary.  The  modeller  forms  the  shape  of  the 
intended  vessel  out  of  a  solid  hunp  of'^clay,  which,  after  receiving  his  finishing 
teadies,  is  handed  to  the  person  who  makes  the  plaster  mould  from  it  Plates 
u^  dishes  are  made  from  moolds  of  this  kind,  upon  which  the  operator  lays  a 
piece  of  day  of  the  length,  breadth,  and  thickness  required ;  the  mould  and 
^J  ITS  then  placed  upon  a  wheel  turning  horizontally  on  a  pivot ;  and  the 
^perttor  keeps  peeling  round  with  the  left  hand,  and  presses  the  day  to  the 
uipe  of  the  mould  with  the  other.  The  mould  and  dish  together  are  then 
cnried  into  a  stove  moderately  heated,  where  it  remains  until  sufficiently  dried 
teiepante.  The  plate  or  didi  is  then  cut  even  at  the  edges,  and  in  oth^ 
mpeels  ffaushed :  before  they  are  baked  the  dishes  are  laid  flat  upon  plaster  or 
^e  flags,  that  are  quite  levd,  in  order  that  they  may  remain  straight  until 
^eo  to  the  oven  to  be  fired. '  Tureens,  vegetable  diuies,  and  such  articles, 
Qe  auo  Blade  in  moulds,  but  require  more  time  and  care,  being  less  simple  in 
^  form.  Figures,  flowers,  and  foliage  in  bas-relief  are  also  formed  sepa- 
>lt^  in  moulds,  and  afterwards  affixed  to  the  vessel  with  diluted  clay. 

firmg, — ^When  the  ware  is  ready  for  firing,  it  is  placed  in  clav  cases,  called 

lining  which  vary  in  size  and  shape  accordmg  to  the  articles  placed  in  them. 

Ke  wggars  are  put  into  an  oven,  shaped  like  a  bee-hive,  with  an  opening  at 

^top;  there  is  also  an  opening  at  the  side  to  admit  the  saggars,  but  this  is 

d«id  before  the  fire  is  applied.    Each  saggar  is  luted  to  the  other  by  a  roll  of 

laft  fire-clay ;  this  secures  the  vessels  contained  in  them  from  dust,  the  fiimea 

^  IIm  fires,  and  finom  the  effbets  of  the  air  when  the  oven  is  cooling.    The 

^  which  heat  the  oven  are  placed  round  it  in  proper  receptacles,  which 

atnimnirBla  with  the  interior  of  the  oven  by  flues,  heating  every  part  eoually. 

^  (bit  firuig  ipves  a  higher  degree  of  heat,  and  is  continued  much  longer 

^  say  foecesBive  firing ;  when  once  fired,  the  artide  is  called  biscuit  ware. 

,  Ai  Mm  eolomred,  or  queen's  ware  is  now  carried  to  the  dipping-house,  to 

iMtirs  its  glasing ;  that  which  is  to  be  printed  blue  is  taken  to  the  printingp-house. 

iVMsiy.— -The  design  is  previously  engraven  on  a  copper  plate,  and  laid  on 

t  tee  to  warm.    The  colour  (which  has  oxide  of  cobalt  for  its  basis)  is  mixed 

vift  a  preparation  of  oib,  to  fetch  out  the  impression ;  this  mixture  is  smeared 

•vw  the  sorfiMe  of  the  plate  and  again  deaned  0%  leaving  the  liquid  in  the 

(qgiariag  only.    The  paper  used  to  take  ofi*  the  impression  is  made  expressly 

fir  tbis  mtipoae;  it  is  damped,  laid  on  the  copper  plate,  and  passed  between  two 

Im  nlkn^  as  in  ordinary  copper-plate  printmg.   The  design,  being  transferred 

Is  the  piqper,  is  laid  immediatelv  upon  the  ware,  being  rublMed  on  with  a  flannel. 

Ifbr  fwnaining  a  short  time,  tne  ware  is  put  into  a  tub  of  water,  and  the  paper 

li  fcpaiated  from  it  by  a  sponge,  leaving  tiie  design  in  the  most  perfect  state. 
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The  ware  if  tben  dried,  and  taken  to  the  oven  to  be  burned ;  dnrmg  tbit  ope 
tion,  the  oil  which  has  been  mixed  with  the  colour  in  the  pnntine  is  dettror 
and  the  oxide  of  cobdt  more  firmly  attached  to  the  ware ;  it  is  uien  glaiecL 
Glazing, — The  glaziers  differ  in  weir  composition  in  all  manufoctories ;  mc 
howeveri  have  oxide  of  lead  for  their  basis.  The  ingredients  being  mixed  w 
water,  and  well  ground,  the  elaze  is  ready  for  use,  in  which  the  Teiseb  i 
dipped.  On  drying,  which  taxes  place  instantly,  the  water  contained  in  I 
gla2e  being  absorbed  by  the  porosity  of  the  vessel,  it  is  covered  with  a  fine  wh 
powder,  of  a  regular  thickness ;  this,  when  fired,  becomes  vitreous,  or  assumei 
glass-like  appearance,  and,  from  its  transparency,  the  blue  pattern  undemei 
is  rendered  perfectly  visible.  In  the  last  firing,  especial  care  is  taken  to  ke 
one  piece  from  touching  the  other,  or  the  whole  would  fuse  into  one  unit 
mass.  Great  attention  is  also  requisite  in  the  firing,  not  to  give  too  much  or  t 
little  heat,  either  extreme  being  injurious :  the  m^eman  in  this,  as  in  the  otli 
firing,  draws  out  trial  pieces  from  the  oven,  with  an  iron  rod,  to  ascertain  t 
proper  degree  of  heat 

Painting. — The  pieces  of  porcelain  or  earthenware  to  be  enameUed  ai 
enriched  by  gilding,  are,  afler  the  first  firing,  dipped  in  a  suitable  glaze,  ai 
again  submitted  to  the  fire ;  they  are  then  deuvered  to  the  painter  or  ec 
meller.  The  colours  used  in  enamel-painting  are  composed  of^  metallic  cab 
and  fluxes,  suitable  to  each  other,  separately  and  conjointly,  and  of  such  a  n«t^ 
as  to  fuse  them  sufficiently  for  the  glazing  on  which  they  are  laid.  Gold  1 
also  its  flux,  and  is  laid  on  as  other  colours  are.  When  the  painting  is  eo 
pleted,  the  ware  is  placed  in  a  furnace  less  in  size,  and  different  in  constiuctii 
from  that  before  noticed.  Care  is  here  necessaiy  in  the  arrangement  of  t 
vessels,  and  great  nicety  is  required  in  the  degree  and  the  continuation  of  i 
heat,  which  is  not  so  intense  as  in  the  former  firings^  The  colours  afler  ci 
firing  put  on  a  shinine  appearance,  but  the  gold  has  an  opaque  yellow  cai!,  as 
is  burnished  with  a  blood-stone  to  give  it  the  desired  brilliancy. 

The  deleterious  effects  of  glazes,  composed  principally  of  lead,  having  engagfii 
the  attention  of  the  Society  of  Arts,  tliey  were  induced  to  offer  Uieir  bugsiti 
honorary  premium  for  the  discovery  of  a  glaze  for  the  common  red  pottoy, 
composed  of  materials  not  any  ways  prejudicial  to  the  health,  and  whien,  tan 
its  cheapness  and  fusibility,  at  the  comparatively  low  temperature  requiivd  bjr 
red  pottery,  might  supersede  the  use  of  lead  in  that  branch  of  manufscture* 
The  following  method  was  communicated  to  the  Society  by  Mr.  Meigh,  of  Skel- 
ton,  for  which  the  Society  awarded  him  th^  premium  : — The  vessels  are  to  befint 
dipped  in  a  mixture  of  red  marl,  ground  in  water  to  an  impalpable  paste,  in 
order  to  fill  up  the  pores  with  the  fine  particles  of  the  marl ;  the  vessels  tf* 
then  glazed  with  a  mixture  of  the  consistence  of  cream,  of  equal  parts  of 
black  manganese,  glass,  and  Cornish  stone,  well  ground  and  mixed  togetlMr, 
and  when  the  ware  is  well  dried  it  is  fired  as  usual.  For  a  white  glaze,  the  taut 
ganese  is  omitted. 

Owing  to  the  vast  extent  of  the  manufacture  of  refined  sugar  in  this  comnbyt 
there  is  a  very  great  and  constant  demand  for  sugar-loaf  moulds,  which  a*  * 
species  of  unglazed  red  pottery,  made  upon  the  potter's  wheel.  Messrs.  T.tf^ 
R.  Powell,  of  Bristol,  however,  by  an  improved  patent  process,  now  form  tk* 
upon  a  mould,  preparatory  to  turning,  and  aflerwards  give  them  a  glass  hA 
inside  and  out.  Tne  machinery  employed  by  the  patentees  is  represented  la 
the  following  JFlgs,  1,  2,  and  3.  a,  Fig,  1,  represents  the  mould  formed  ofvosi 
or  plaster  of  Paris,  or  both,  and  turned  perfectly  smooth ;  it  has  a  cyliodrieil 
pin  b  in  the  apex,  and  in  the  centre  of  tne  base,  a  hole  to  receive  the  head  of 
an  upright  spmdle  r,  which  projects  about  an  inch  through  the  disc  d;  i^ 
this  disc  the  mould  is  placed,  a  small  pin  from  d  entering  a  hole  in  the  base  ti 
carry  it  with  the  disc,  when  the  spindle  (which  is  placed  at  the  potter*a  taUe^] 
is  set  in  motion  by  a  band  passing  round  the  pulley  e. 

Fig,  2  represents  the  press  in  which  the  clay  is  prepared  for  the  mould.  «< 
the  cheek  of  the  press ;  6,  a  stout  triangular  box  secured  to  the  sides  oC  t^ 
press,  of  the  shape  shown  by  the  dotted  lines  on  Fig.  3 ;  c,  a  table  supported  t 
hinges  at  one  end,  and  at  the  other  by  wedges  resting  on  the  frame  e  ;  a  i 


^omrif,  (ibown  wpande  In  F!g.  3,)  ii  pUcd  upon  the  table  nnder  b;  in  the 
box  (if  ■  thiek  punk,  of  theihspe  of  an  interior  of/,  and  icrDa  b  ii  plaoed 
»  stout  Uock  of  wood  g,  which  is  retuneil  In  it>  place  by  iron  itrapi  A  balled  b> 
hr  ^oi  hsviug  fimloclu  pawing  through  the  top  of  tliem ;  io  g  worki  the  Mrev 
It,  iti  opper  end  being  (teadied  by  the  i3oa>pieca  I,  and  the  lower  end  pruning 
opoa  tte  thick  plank  in  (. 

.^g.  3  lepteMnta  the  plank/,  which  is  half  an  inch  thick,  and  haring  a  pieee 
tmfcen  out  of  the  centre  (ai  shown  in  the  figure) ;  the  dotted  lines  repreeent  tba 
exterior  ahaoe  of  b,  the  inteiior  beins  the  tame  ai  /.  The  i^ralion  ii  as  fol- 
ktirt:  tlte  plaak  /  being  placed  on  ue  labia  and  ilided  under  b,  tba  table  ii 


■>^<d  up,  and  At  fbrelocke  are  withdrawn  fnm  the  straps  k;  the  block  g  and 
*>nr  t  are  raised  by  a  rope ;  the  box  b  ii  then  to  be  filled  with  clay,  and 
<°nTtd  with  the  thick  plank  before  mentionedj  g  is  then  replaced,  and  the 
faring  driren  io  i  the  screw  being  now  turned,  praises  the  clay  into  the  mould 
flssk/;  a  win  i*  then  dnwn  through  between  the  plaak/snd  the  box  bi  the 
**^  being  knocked  oat,  the  plauk/ls  witbdrawii,  aad  replaced  by  another, 
<il  tbe  table  again  wedged  up.  The  piece  of  day  in  /  is  then  to  be  remoTod. 
'*' tliced  inMi  theucnild  PSg.  1,  round  which  it  is  wrapped,  the  edges  closed 
liinar,  and  thsD  turned  fair  and  smooth :  it  is  lAerward*  removed,  when  sufS- 
'my  itf,  U>  lh>  kilo;  and  when  burot  enough,  the  salt  glaze  is  giren  ui  the 
^slwuBBer.  Instead  of  the  box  b,  a  number  of  planks  like /may  be  placed 
•B  each  odier,  and  being  firmly  damped  together,  the  day  may  be  pressed 
Is  them  b^  the  aoiew,  and  then  being  nndamped,  a  wire  may  be  passed  b^ 


B  separata  and  bh  down  in  the  concrete  state,  the  a< 


Uing  H  termed  precipatatiei),  and  the  matter  fallen  is  caHed  a  predpitate. 

PRESS.    A  Duefaine  tat  the  eompreesion  of  any  articles  or    -  *- 

tbe  appBcatioB  ottertm,  lertt^  ve^es,  &c  in  a  convenient  n 
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combinatioiis  of  the  mechanical  powers  are  almost  illimitable,  it  follows  that  the 
may  be  prefltes  made  of  an  almost  infinite  variety  of  forms;  but  by  no  povfl 
combination  or  arrangement  of  the  mechanic  powers,  can  any  power  be  obtainc 
that  most  be  derived  from  manual  labour  or  some  other  moving  force ;  and 
no  motion  can  take  place  in  any  machine  without  a  loss  from  friction  of  aoi 
portion  of  the  origmal  force  applied,  that  press  which  imparts  the  great! 
mechanical  ener^,  with  the  least  proportion  of  friction,  and  in  the  most  eo 
venient  manner,  is  the  best  It  however  happens  in  most  cases,  that  friction 
reduced  in  proportion  to  the  excellence  of  workmanship  or  perfection  of  forn 
and  as  this  curcumstance  enhances  the  cost,  a  preference  is  often  given 
machines  of  rude  construction,  and  of  less  convenience  in  form.  Under  tl 
article  Oil  we  have  described  a  variety  of  presses  of  very  simple  constructio 
but  of  great  energy  and  little  cost ;  they  arc,  however,  for  the  most  part,  n* 
sufficiently  compact  and  convenient  for  the  operations  of  the  packer,  or  for  tl 
general  purposes  of  our  manufactories.  Screw  presses  generally  consist  of  si 
members  or  pieces ;  viz.  two  flat  smooth  tables  of  wood  or  metal ;  the  Iow( 
one  fixed,  and  the  other  above  it  movable.  Between  the  surfaces  of  these  tabli 
the  goods  to  be  pressed  are  laid,  and  one  or  more  screws,  worked  by  a  leve 
are  made  to  force  the  movable  table  or  board  towards  the  immovable  one,  ai 
thus  produce  the  pressure  on  the  interposed  body.  This  is  the  general  natia 
of  the  machine,  of  which  there  are  many  varieties,  each  adapted  to  its  o« 
particular  purpose.  The  most  modern  screw-presses  have  generally  but  (s 
screw,  preferably  made  of  iron,  which,  at  its  lower  end,  has  a  massive  dc 
head,  with  four  holes  through  it,  for  the  reception  of  the  end  of  the  Ic-^ 
employed  to  turn  the  screw ;  the  thread  of  the  screw  passes  through  a  nut  fi^ 
fast  in  the  head  or  top  of  the  frame  of  the  press.  The  frame,  in  this  case,  e  < 
sists  of  a  lower  bed  or  horizontal  piece,  on  which  the  matters  to  be  pressed  j 
laid,  two  upright  cheeks  being  firmly  united  with  it,  and  supporting  the  h^ 
or  upper  horizontal  pieces  of  the  press,  in  which  the  nut  of  tne  screw  is  fisc 
the  lower  point  of  the  screw  is  united  with  the  follower,  or  moving  bed  of  I 
press,  and  this  rests  upon  the  substance  to  be  pressed,  and  the  power  of  t 
screw  forces  it  down  upon  it  A  press  of  this  kind  is  described  under  the  artxc 
HoT-PREssiNo,  but  adapted  to  the  latter  object 

Another  kind  of  screw-press  consists  of  two  screws,  which  are  immovably  fixe 
in  the  lower  board  or  bed;  and  passing  through  holes  in  the  upper  board,  ba^ 
nuts  upon  them,  which,  being  turned  by  a  lever,  draw  the  two  boards  together, 
and  exert  a  pressure  upon  any  thing  placed  between  them.  Sometimes  the  screws 
pass  through  the  upper  board,  and  are  tapped  into  the  lower  one ;  then  tbe 
screws  themselves  are  turned  round  by  a  lever  put  through  their  heads  initesi 
of  turning  the  nuts.     Presses  of  this  kind,  when  accurately  made,  have  a  oov- 
munication  with  wheel-work,  from  one  screw  to  the  other,  so  that  both  dull 
turn  round  together,  and  cause  the  two  boards  of  the  press  to  advance  yuM 
to  each  other.    The  bookbinder's  cutting  press  is  a  modification  of  this,  aai  9 
used  by  bookbinders,  stationers,  and  others.     See  Bookbinding. 

The  screws  for  presses  were  formerly  made  of  wood,  with  sharp  threads;  tbft 
is,  the  worm  of  the  screw,  if  cut  across,  would  make  a  triangular  section,  dtf 
base  thereof  abutting  upon  the  cylinder  of  the  screw.  In  this  method  it  VM 
necessary  to  have  the  threads  very  coarse,  to  give  them  sufficient  strensth,  O^ 
then  the  power  of  the  screw  was  not  so  great  as  in  the  other  presses,  where  ihi 
screws  are  made  of  iron,  and  their  threads  not  above  one-third  or  one-fonrtli  ih* 
distance  asunder ;  the  tenacity,  hardness,  and  smoothness  of  the  metal  iIm 
diminishes  the  friction  considerably.  The  frames  of  the  modem  presses  are  dM 
made  of  iron,  wood  being  found  incapable  of  permanently  resisting  the  gMk 
strain  to  which  they  are  subject,  as  all  the  fibres,  even  of  the  hardest  oak,  beeaM 
separated  into  ribands,  and  then  break,  one  at  a  time,  till  the  whole  bcnun  A 

An  excellent  modification  of  the  screw-press  was  invented  and  patented  \f^ 
Mr.  Daniel  Dunn,  of  Pentonville,  which  is  adapted  to  a  variety  of  naei ;  til 
following  is  a  description : — Instead  of  the  simple  lever,  consisttng  ^  a  ki 
straight  har,  which  requires  so  large  a  space  to  move  it  in,  the  patentee  dms 
compound  lever  (much  like  those  employed  in  the  ordinary  printing  press),  \ 
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which  meaiis  the  same  power  ia  obtained  in  a  much  more  compact  i^paratas. 
Fig,  1  representa  an  elevation  of  the  complete  press,  and  Fig,  2  a  ^lan  of  the 
improved  part  of  the  machine ;  the  like  letters  in  each  figure  denotins  similar 
parts,  a  is  the  bed  of  the  press  6  6  of  massive  oak;  66  the  cheeks  or  side  muning; 
c  the  head ;  d  Uie  nut  fixed  into  the  head,  throueh  which  the  screw  e  is  turned ; 
/  is  the  platten ;  g  the  goods,  together  with  the  press-boards  or  metal  plates 
between  tnem.  Thus  far  the  press  is  like  others ;  but  instead  of  having  a  large 
screw-head,  with  apertures,  for  the  insertion  of  a  long  lever  bar,  that  part  of 
the  screw  is  squared,  and  on  it  is  fixed  a  circular  metallic  plate  or  wheel  h,  with 
a  double  row  of  ratchet-teeth ;  one  of  the  rows  of  teeth  project  horizontally 
from  the  periphery,  the  other  vertically,  as  will  be  understood  upon  examining 
both  fi£[ures.  t  is  the  handle  of  the  compound  lever,  which,  bein^  formed  into 
a  drciuar  eye  at  the  farthest  extremity,  is  thereby  fixed  upon,  and  traverses  up 


t'ig.  h 


•  / 


^od  down  the  fulcrum  k,  which  is  an  upright  bar  firmly  bolted  to  one  of  the 

cheeks  of  the  press.    To  alter  the  power  according  to  circumstances,  the 

^urved  end  of  the  handle  i  is  perforated  with  several  holes,  to  receive  a  key  or 

^It,  which  fastens  the  other  portion  /  of  the  compound  lever  to  it  (best  seen  in 

-^V*  ^)  'i  ^^®  extremity  of  /  is  hooked  or  notched  so  as  to  take  hold  of  the  teeth 

^f  the  ratchet-wheel,  and  it  has  a  plate  screwed  on  to  it  at  o  to  prevent  it  from 

^^ling  oS    To  sunport  the  compound  lever  at  the  required  elevation,  a  stout 

t^  is  passed  into  a  nole,  of  which  there  are  a  series  made  for  the  purpose  in  the 

J^ide  cheek.    In  operating  with  this  press,  the  goods  are  laid  upon  the  bottom 

^^oard  in  the  usual  manner ;  the  platten/  is  then  brought  down  bv  tumii^  the 

.J^aUchet-wheel  round  by  hand.     The  pressure  is  then  ffiven  by  pulling  back  the 

^andle  t  in  the  direction,  and  to  the  position,  shown  by  dotted  lines  in  Fig,  2 ; 

.^j  repcAtedly  moving  the  handle  in  this  way,  the  ratchet-wheel  is  drawn  round 

^^  the  lever,  which  causes  the  screw  to  descend  and  to  force  the  platten  against 

^JSe  goods :  during  this  operation  it  will  occasionally  be  necessary  to  let  the  lever 

^*— — "i  upon  the  fulcrum,  by  taking  out  the  supporting  pin,  and  putting  it  into- 

tt  bole  beneath.     When  it  is  required  to  unscrew  the  press,  the  hooked 

of  the  lever  /  is  placed  in  contact  with  the  circle  of  teeth  on  the  upper  sur- 

of  the  ratchet-wheel ;  the  lever  being  then  pulled  the  reverse  way,  the 

w  is  raised,  and  the  pressure  taken  off. 

A  very  substantial  and  practical  standing  p^ess  has  been  made  by  Mr.  J.  L. 

^^jDodMfie,  type-founder,  oi  Holbom :  it  is  particularly  designed  for  the  use  of 

^^^^akhiiMlers.  stationers,  and  orinters :  the  arrangement  disnensin?  with  the  lomr 
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ineonTenieiit  lerer,  as  in  Mr.  Dunn's.  It  k  represented  in  tbe  ftDov 
spective  outline.  There  is  little  in  its  structure  that  varies  essentU 
other  presses  of  the  kind ;  the  head,  bed,  cheeks,  screw,  and  nat, 
regarded  as  die  same.  The  chief  noyclty  consbts  in  employing,  in  adc 
these  parts,  a  toothed  wheel  6,  fixed  on  the  aits  of  the  screw,  and  0| 
upon  It  by  the  smdl  pinion  e  turned  by  the  lever  d,  which  fits  on  thi 
end  of  the  axis  of  c,  whereon  it  is  shifted  at  erery  fresh  pull.    The  f 


tiV 
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the  press,  when  brought  down  to  the  work,  may  thus  be  increased  in  pro 
to  the  dlfierence  of  the  diameters  between  the  large  wheel  and  the  little  | 
the  slow  operation  of  the  press  at  this  time  is  of  Tittle  consequence.  Thi 
stands  in  but  little  room,  considering  its  mechanical  efficacy,  and  it  is 
factured  at  a  low  price. 

The  foregoing  are  sufficient  examples  of  the  construction  of  »erew  p 
we  shall  therefore  proceed  to  give  a  description  of  a  most  ingenious,  cbai 
effective  press,  in  which  all  the  other  mechanical  powers  are  bnnd 
operation ;  vis.  the  wheel  and  axle,  lever,  wedge,  melmed  plane,  and  mm 
is  one  of  the  inventions  of  Mr.  Ewings,  a  talented  member  of  toe  I 
Mechanics*  Institution,  who  obtained  for  it  Dr.  Fellowes's  annual  priit 
pounds.  This  press,  which  is  applicable  to  the  packing  of  goods»  piM 
juice  from  fruits^  oil  fix>m  seeds,  or  other  purposes  to  which  the  scm^f 
usually  applied,  consists  of  a  frame-work,  and  two  or  more  blocks  or 
between  which  the  articles  to  be  subjected  to  pressure  are  to  be  plsM 
these  vary  in  form,  size,  and  material,  according  to  the  purposes  for  wU 
are  intended.  Mr.  Ewings  does  not  claim  any  novelty  in  the  constnK 
these  parts,  but  only  in  his  mctliod  of  producing  the  pressure,  which  li  > 
by  bringing  together  the  pieces  that  act  on  the  articles  to  be  pfct 


Ipwing  igana  I  and  3),  in  both  of  whicb  the  same  letten  <^  reference  Tepreient 
iJnulBT  paitt.  a  ii  the  bau  of  the  press,  fumiihed  at  each  end  with  ratchet 
Botchei  b  b,  which  constitute  the  fulcnims  of  the  leven  hi;  c  it  the  top  of  the 
frew,  inppoited  b](  the  framca  dd;  and  ;t  are  the  pieces  acting  on  the  goodi, 
cither  downward*,  upwards,  or  both,  according  as  the  prenure  may  be 
tequired :  in  Rg,  1  it  is  represented  acting  upwards;  and  in  Rg.  2  it  ia  repre- 
•entcd  actiDB  both  wajs :  jjjf  are  friction  rollen,  between  which  the  sedges 
fg  are  projected.  A  cord  it  fixed  to  a  hook  on  the  end  of  one  of  the  levers, 
■ad  passing  over  a  pulley  k,  on  (he  end  of  the  other,  is  attached  to  a  imall 
drum  it  which  k  furnished  with  a  ratchet-wheel  and  poll,  and  is  tunied  bj  a 

Fig-  >• 


viadt  We  tiave  seen  other  modlficBtione  of  Mr.  Ewingi'i  pm«,  but  we  liava 
Mladcd  the  abore  as  best  calculated  to  ihow  the  principle  of  its  action, 
AsoDgft  the  advantages  of  thia  press  have  been  noticed  the  simplicity  and 
tcgouuij  of  it>  Gonslmction,  as  it  may  be  made  by  almoal  any  person  accui- 
towd  to  faandle  carpenlera'  or  tmiths'  toola,  of  very  cheap  matoMl* ;  and  idso 
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tb«  facility  with  nbicb  it*  t>ow«r  may  be  vuied :  it  taej  be  diiniiuabed  or 
increaied  to  aiif  extent,  simply  by  changine  the  form  of  the  wedgei ;  but  (be 
drawinei  exhibit  its  vaiioui  applicationi  and  mode  of  operation  lo  obviooilju 
to  pieclade  the  necesaity  of  further  remark*. 

We  ihall  nav  proceed  to  the  conaderatioD  of  those  presses  wherein  the 
power  applied  is  commimicated  through  the  medium  of  an  iucomprenibia 
fluid. 

Tlie  hydrostatic,  or  water  press,  as  it  is  sometituei  called,  was  fint  hnm^t 
into  a  practical  form  by  the  late  Mr.  Joseph  Bramah,  and  was  patented  by  bun 
in  1796.  Since  this  period  it  has  undergone  many  new  improvementa  id  the 
constructive  department,  which,  although  they  have  not  sensibly  added  to  ita 
mechanical  energy,  have  mateTially  added  to  its  conrenicnce,  by  rendering  it* 
•■'"-"■'■  ipluia' 


operation  n 


e  easy  and  certain.     The  followiug  diagram  is  Mpluialory  of  the 


principle  upon  which  it  acts,  a  rcpreaenta  llie  foundation  plate  of  the  machine, 
and  6  the  head-plate,  coimeeted  together  by  four  strong  rtandards  ee;  the  latUi 
should  be  of  wrought  iron;  and  ihc  whole  of  the  utmost  strength  and  solidity,  lo 
reaiat  the  entire  force  of  the  press,  which  is  exerted  upon  the  goods  placed  between 
the  follower  d  and  the  beai!  of  the  press.  The  piston  or  ram  e,  (which  *up|M>tt 
the  follower  and  goods)  moves  up  and  down  io  a  very  massive  hollow  cylinder 
//,  bored  very  accurately  at  its  upper  part  to  fit  the  ram,  and  at  il«  lower  aid 
somewhat  widened,  as  shown  by  the  dotted  lines,  to  admit  a  small  quantitT  rf 
water,  which  is  forced  into  it  by  a  small  force-pump  a,  along  the  pipe  h.  IfM 
above  that  part  of  the  cylinder  where  the  water  discharttei  itself  in  •  miniite 
crevice,  an  annular  cavity  is  formed  around  the  cylinder,  wherein  is  fitted  ■ 
folding  collar  of  leather,  which  presents  a  thin  edge  both  to  the  ram.  and  to  Iha 
cvlinder,  to  render  the  junction  between  them  water-tight,  which  it  doe*  moA 
e'fTectually  by  the  action  of  the  pressure  itself.  The  top  of  the  cyliudw  ^M 
the  ram  emerges  from  it,  is  provided  with  a  stuffing  hoi,  well  packad^^^ 
secured  by  a  covering  plate.  Now  if  we  suppose  the  area  of  the  valve  by  *■*•« 
the  water  is  admitted  into  the  cyLnder  (o  be  one-eighth  of  an  inch  (u  un^ 


ton*  applied  to  the  goods  in  lliis  press,  according  to  the  known  laws  of  Ae 
pressure  of  fluids,  a»  explained  under  the  article  HtDBosT*Tici  The  po*W 
mentioned  is  unnecessarily  great  for  the  general  purposes  of  a  pre**;  but  it  it 


obrioni  that  it  msj  be  redneeil  to  uiy  Tequited  extent  b;  ■llering  ihe  propot^ 
IWM  of  die  lefer,  the  tbIts  of  tranimimon,  and  the  ram  ;  and  it  ii  equally 
•bruNH  llut  the  powei  may,  by  other  modificAtion*,  be  increased  to  an  indefinite 
steoL 

Jt  ■honld,  bowcTcr,  be  noticed,  that  in  the  hydroitatic  pre»  of  Bramah,  in 
eeainon  lue,  the  lame  time  ii  occupied  in  pumping  againat  a  imaJI,  aa  against 
agreat  reaiatance :  in  almoit  all  cases  Ihe  operation  ib  commenced  when  the 
NMitance  i*  at  a  minimum :  during  the  process  the  increase  is  gndual,  and  at 
(be  tcTmiuaUon  the  reditance  i>  at  a  muimum.  As  a  remedy  for  this  practical 
jtconraiieiice,  hydrostatic  presses  are  generally  made  with  two  levers  of  different 

Kara,  with  the  view  of  changing  the  power  at  some  time  during  the  process, 
(ritbatanding  this  proviaiot),  however,  the  time  and  trouble  attending  the 
diange,  renden  its  assumed  advantages  a  doubtful  question  of  economy,  and  it 
a,  consequently,  rarely  resorted  to  in  practice. 

To  obviate  these  objections,  Mr.  James  Murdoch  hu  proposed  a  self-regiJatiag 
hdrostatic  press,  in  nfaich  the  change  of  power  proceeds  in  the  tame  ratio  as 
ue  resiatance,  without  any  care  or  interference  on  the  part  of  the  operator. 
T^  ingenious  arrangement  proposed  will  be  comprehended  by  the  aniieied 
'    ■  "    •       •  ^    - li  theft 


invings,  muked  ^.  I  and 


dhg.2, 


toother  with  toe  following  description  ; — 


^"yiwuti  Ihe  TSCQum  chamber,  being  aimilar  to  the  exhausted  receiver  of  an 
^^ip;  6  •  double-barTelled  air^ump;  c  a  four-way  cock,  connecting  a 
Zr'.*"  .  *"•  ^'  puinp^  sn^  its  lower  end  communicating  with  Ihe 
i™^**w*;  rf  >•  a  section  of  one  of  the  force  pumps;  /ii  the  plunger,  working 
WMgbdw  Unffing-box  m,  and  having  a  sobd  piston  A  keyed  on  to  it,  which 
^briMigfat  in  the  enlarged  part  of  if;  p  b  a  valve  opening  upwards ;  «  the 
Ui^ leading  to  the  press,  which  is  not  here  shown,  it  being  of  the  usual 
^lOMMn;  o  ii  ■  wheel,  over  which  passes  a  chain  connecting  the  two 
)«(«■ ;  ]t  ia  fixed  square  on  the  axle  (,  as  is  the  wheel  p,  which  serves  to 
ta^lhe  eoek  by  means  of  ■  cord  passing  round  it  and  r,  which  is  a  pulley 
N^ing  looae  on  p,  and  having  a  projecting  shoulder  on  ita  lower  part ;  t  is  a 
UfSxed  upan  on  v,  having  shoulden  at  its  lower  end,  and  a  weight  at  its 
i^fmtmdt   *i**n)daltMhed  to  the  plug  of  the  cock  e.     The  action  is  as 


ftdlowt:  suppow  the  pittotii  in  the  lituation  ihomi  In  ^-1.  the  •nlargctt 
chamber  of  the  Tordng  pump  d  u  now  op«n  to  tlie  vacuuro  chunber  m,  and  (he 
chamber  of  e  ii  open  to  the  Bbnoephere  «;  the  lower  barrel  of  d  i«  fUn  of  wklar. 
UjMD  ranfying  the  air  in  the  vacuum  ehambei  a,  by  meatu  of  the  air-pump  Jy 


the  air  in  the  chamber  iJlikewiie  become*  rarefied,  and  the  piaton  A  will  deKCid 
as  won  ai  the  prenure  on  it  exceed*  the  preanire  on  the  plunger/,  and  a  ponko 
of  water  i»  thus  forced  into  the  pren  by  the  pipe  n.  By  the  descent  of  (ba 
piaton  h,  the  wheel  o  reTolTei,  and  bringi  up  the  piilim  of  the  chamber  e;  iha 
smaller  wheel  p  is  canied  round  at  the  same  time,  and  turns  the  co^  f, 
the  shoulder  on  which,  takiag  the  shoulder  on  i,  cairiea  it  round  a  little  part 
the  vertical  line,  when  it  (*)  falls  into  the  position  of  the  dotted  line,  and  opeu 
«  to  the  vacuum  chamber,  and  d  to  the  stmosphere.  The  air  under  the  pntcu 
of  t  DOW  becomes  rarefied,  and  it  descends  in  Uke  manner  as  the  other.  The 
lanrer  the  vessel  a  is  made  in  proportion  to  the  chambers  d  and  e,  the  better 
win  the  press  accommodate  itself  to  the  changes  of  resistance. 

Printing  presses  are  described  under  the  article  Printiho:   see  alao  On, 

CoFTINO-UAcnTNE,  &C. 

PRINTING.  The  art  of  taking  copies  by  imprenion  of  type,  engraved 
plates  and  blocks,  or  of  any  design  or  work  whatever,  in  black-ink  or  pigmenta 
of  various  colours ;  but  the  viard  prinling,  standing  alone,  without  any  diatmctiv* 
addition,  is  usually  understood  to  im^y  typography,  or  printing  from  tnt, 
usually  called  letter-press  printing,  wluch  we  propose  to  notice  in  the  Bit 
place. 

It  is  a  remarkable  cmnimstance,  tliat  notwitbatanding  the  art  of  leUer-ptia 
printing  has  formed  a  new  era  in  the  history  and  character  of  our  specie^  Am 
origin  of  its  invention  is  involved  in  mysterious  obscurity.  Hie  ninitlva 
honour  of  having  given  birth  to  this  sublime  vehicle  of  knowledge  ha*  1mm 
claimed  by  the  Itahtn,  the  German,  the  Dutch,  and  the  Swiss  natjoa^  Ikt 
inhabitants  of  Mentz,  Strasbourg,  and  Haerlem,  teem  to  have  the  meat  lelU 
rround  for  their  boastings;  but  we  are  bound  to  state,  that  the  iddma  W 
Venice,  Rome,  Florence,  Basle,  Augsburg,  and  Dordrecht,  certify  to  the  M» 
trary  thereof  The  discussion  of  this  interesting  question  not  aeeocdinfwtt 
the  nature  of  our  work,  we  recommend  those  of  oi 
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brmatioii  upon  the  early  history  of  the  art,  to  the  article  Printing,  in  the 
i  £neyciopi(Sa.  We  may,  however,  observe,  that  it  seems  to  be  admitted 
Murties  that  this  invention  took  place  about  the  year  1440,  and  was  brought 
|Uind  by  William  Caxton,  who  set  up  his  first  press  in  Westminster  Abbey, 
^n  to  print  books  some  time  after  the  year  1471.  In  the  early  stages  of 
t,  the  impressions  were  taken  off  with  a  list  coiled  up,  such  as  the  card- 
a  use  at  this  day ;  but  when  they  came  to  use  sinele  types,  they  employed 
er  paper,  with  vellum  and  parchment.  At  last  the  press  was  introduced, 
■ouffht  gradually  to  its  present  state.  The  same  observation  applies  to  the 
at  nrst  the  common  writing  ink  was  employed;  and  the  printing  ink  of 
black  and  size,  and  lamp-black  and  oil  (that  now  used)  were  introduced 
preea.  We  shall  now  proceed  to  explain  the  printer's  art,  as  it  is  prac- 
at  the  present  day;  premising  that  it  is  divided  into  two  branches, 
nikm,  or  the  arrangement  of  the  types,  and  press-tcork,  or  the  taking  off 
nlons  from  types  so  arranged  :  the  workmen  employed  are  therefore  dis- 
sbed  into  two  classes, — "compositors  "  and  "pressmen."  Each  compositor 
at  a  sort  of  desk,  called  a  frame,  and,  in  most  instances,  he  has  a  desk  or 
to  himself.  The  fhunes  project  laterally  from  the  wall.  At  intervals 
■re  large  tables,  with  stone  tops,  technically  called  imposing-stones. 
frame  at  which  a  compositor  works  is  constructed  to  hold  two  pair  of 
;  etch  pair  of  cases  contains  all  the  letters  of  the  alphabet,  whether  small 
rer  capitals,  as  well  as  points,  figures,  &c.  &c.  One  of  these  pair  of  cases 
oped  Dy  the  Roman  letters,  the  other  by  the  Italic.  The  upper  case  is 
d  into  ninety-eight  partitions,  all  of  equal  size ;  and  these  partitions  con- 
iro  aets  of  capital  letters,  one  denominated  "full  capitals,"  the  other 
II ; "  one  set  of  figures,  the  accented  vowels,  and  the  marks  of  reference 
<M.  The  lower  case  is  divided  into  partitions  of  four  different  sizes ;  some 
top  and  ends  being  a  little  smaller  than  the  divisions  of  the  upper  case ; 
I  nearer  the  centre,  being  equal  to  two  of  the  small  divisions;  others  equal 
r,  and  one  equal  to  six  ;   in  all  there  are  fifly-three  divisions  in  the  lower 

The  inequality  in  the  size  of  the  cells  in  the  lower  case  is  to  provide 
e  sreat  differences  as  to  the  quantity  required  of  each  letter.  According 
B  language  in  which  it  is  used,  one  letter  is  much  more  wanted  than 
er,  and  the  proportions  required  of  each  have  been  pretty  accurately 
1  by  long  expenence.     As  some  of  our  readers  may  be  curious  to  know 

proportions,  as  they  apply  to  the  English  language,  we  subjoin  the 
Founaers'  scale  for  the  small  characters  of  a  fount  of  letter,  of  a  particular 
nd  weight 


a     .     .     . 

.     8,500 

n     .     . 

.     .     8,000 

b     .     .     .     . 

.     1,600 

o     .     . 

.     .     8,000 

c     .     .     .     . 

.     3,000 

p     . 

.     .     .     1,700 

d     .     .     .     . 

.     4,400 

q      . 

.     .     .        500 

e     «     .     . 

.  12,000 

r 

.     .     .     6,200 

f     .     .    .    . 

.     2,500 

s      .     . 

.     .     8,000 

f  :  :  :  ; 

.     1,700 

t      .     . 

.     .     .     9,000 

.     6.400 

u      .      . 

.     .     3,400 

• 

1     .    .    .    , 

.     8,000 

v      .      . 

.     .     1,200 

• 

J     .    .    .    . 

400 

w     .      . 

.     .     2,000 

k    .    .    .    . 

800 

X       .      . 

.     .        400 

1     .    .    . 

.     4,000 

y    •   • 

.     .     2,000 

m   .    .    .    . 

,     3,000 

z       .      . 

.     .        200 

ireportion  in  which  a  particular  letter  is  required  renders  it  necessary  that 
sib  of  Uie  lower  case  should  be  arranged,  not  as  the  letters  follow  each, 
betieally,  but  that  those  in  most  frequent  use  should  be  nearest  the  liand 
I  compositor.  The  point  to  which  he  brings  the  letters,  after  picking  them 
tjof  toeir  cells,  is  not  far  removed  from  the  centre  of  the  lower  case ; 
It  in  a  range  of  about  six  inches  on  every  side  he  can  obtaiu  the 
V  iy  i»  D,  n/hi  O;  P)  u,  t,  a,  and  r,  the  letters  in  most  fre<^ueut  wae,    'IW 
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spaces,  which  he  wants  for  the  division  of  every  word,  lie  dose  at  hit  bandi  i 
the  bottom  of  the  central  division  of  the  lower  case.  It-must  be  auite  obviooi 
that  the  man  who  contrived  this  arrangement  saved  a  vast  deal  of  time  to  fk 
compositor. 

Tnc  cases,  particularly  the  upper  one,  are  placed  in  a  slopinff  podtion,  tha 
the  compositor  may  the  more  readily  reach  the  upper  boxes.  The  instnimen 
in  which  the  letters  are  set  is  called  a  composing-stick,  which  consists  of  a  Iohj 
and  narrow  plate  of  iron,  brass,  or  other  compound  metal,  on  the  right  side  c 
which  arises  a  ledge,  which  nms  the  whole  length  of  the  plate,  and  tervet  t 
sustain  the  letters,  the  sides  of  which  are  to  rest  against  it ;  along  this  ledge  j 
a  row  of  holes,  which  serve  for  introducing  the  screw,  in  order  to  lengthen  c 
Khorten  the  extent  of  the  line,  by  moving  the  sliders  farther  from,  or  nearer  tc 
the  shorter  ledge  at  the  end.  Where  marginal  notes  are  required  in  a  w<»l 
the  two  slidine  pieces  are  opened  to  a  proper  distance  from  each  other,  in  sue! 
a  manner  as  that,  while  the  distance  between  forms  the  length  of  the  line  ti 
the  text,  the  distance  between  the  two  sliding-pieces/orms  the  length  of  the  line 
for  the  notes  on  the  side  of  the  page. 

Before  the  compositor  proceeas  to  compose,  he  puts  a  rule  or  thin  slip  • 
brass-plate,  cut  to  the  length  of  the  line,  and  of  the  same  height  as  tk 
letter,  in  the  composing-stick,  against  the  ledge,  for  the  letter  to  bear  agains 
Thus  prepared,  the  compositor  having  the  copy  before  him,  and  his  stick  in  his  1« 
hand,  his  thumb  being  over  the  slider;  with  the  right  hand  he  takes  up  the  lett^ 
one  by  one,  and  places  them  against  the  rule,  while  he  supports  them  with  ^ 
left  thumb  by  pressing  them  to  the  end  of  the  slider,  the  other  hand  being  Cic 
stantly  employed  in  setting  in  other  letters,  which  is  effected  by  a  skilful  w<^i 
man  at  an  average  rate  of  about  thirty  per  minute.   A  line  being  thus  compo^4 
if  it  end  with  a  word  or  syllable,  and  exactly  fill  the  measure,  there  needs    i 
further  care;  otherwise  more  spaces  are  to  be  put  in,  or  else  the  distaao 
lessened  between  the  several  words,  in  order  to  make  the  measiure  quite  full^  « 
that  every  line  may  end  even.    The  spaces  here  used  are  pieces  of  metal  exact/jr 
shaped  like  the  shanks  of  the  letters;  they  are  of  various' thicknesses,  and  serve  to 
preserve  a  proper  distance  between  the  words;  but  not  standing  so  high  as  tAt 
letters^  they  make  no  impression  when  the  work  is  printed.     The  first  line  being 
thus  finished,  the  compositor  proceeds  to  the  next ;  in  order  to  do  which  be 
removes  the  brass  nile  from  behind  the  former,  and  places  it  before  it,  andtim 
composes  another  line  against  it  after  the  same  manner  as  before;  going  on  tbos 
till  his  stick  is  full,  when  he  empties  all  the  lines  contained  in  it  into  what  ii 
called  a  galley,  which  consists  of  a  flat  piece  of  mahogany,  or  other  fine  vood, 
with  a  ledge  of  a  proper  height  at  the  margin  of  its  two  sides.     I'he  compont^r 
then  fiUs  and  empties  his  composing-stick  as  before,  till  a  complete  page  n 
formed  ;  when  he  ties  it  up  with  a  cord,  and,  setting  it  by,  he  proceeds  to  the 
next,  till  the  number  of  pages  constituting  a  sheet  is  completed ;  which  doMi 
he  carries  them  to  the  imposing-stone,  there  to  be  ranged  in  order,  and  fastened 
together  in  a  frame  called  a  chase, — and  this  is  termed  imposing.     The  chitt 
is  a  rectangular  iron  frame,  of  difierent  dimensions,  according  to  the  v» 
of  the  paper  to   be  printed,  having   two    cross-pieces   of  the   same  metali 
called  a^Iong  and  short  cross,  mortised  at  each  end,   so  as  to  be  taken  ont 
occasionally.     By  the  different  situations  of  these  crosses,  the  chase  is  fittedfof 
different  volumes ;  for  quartos  and  octavos  one  traverses  the  middle  lengthwii^ 
the  other  broadwise,  so  as  to  intersect  each  other  iathe  centre ;  for  twelves  uw 
twenty-fours,  the  short  cross  is  shifted  nearer  to  one  end  of  the  chase;  iiv 
folios,  the  long  cross  is  removed  entirely,  and  the  short  one  remains  in  thi 
middle ;  and  for  broadsides,  no  cross  is  required.    To  impose,  or  arrange  and  fix 
the  pages  in  the  chase,  the  compositor  makes  use  of  a  set  of  furniture,  coMr 
ing  of  slips  of  wood  of  different  dimensions,  somewhat  lower  than  the  letten; 
some  of  these  are  placed  at  the  top  of  the  pa^es,  and  called  head-sticks ;  othcn 
between  them,  to  form  the  inner  margin  ;  and  others,  in  the  form  of  wedges,  to 
the  sides  and  bottoms  of  the  pages.    Thus  all  the  pages  being  placed  at  their 
proper  distances,  and  secured  from  being  injured  by  the  chase  and  funiitan 
placed  About  them,  they  are  all  untied,  and  fastened  together  by  driving  up 
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na jJl  wedffw  of  wsod,  caDtd  quoiiii,  between  the  alanling  sicle  of  the  foot  anc 
a^  nde-ttiekf  tnd  the  chue,  oy  means  of  a  piece  of  hard  wood  and  a  mallet ; 
Ddali  bemg  that  bound  fait  together,  lo  that  none  of  the  lettcn  will  fall  out, 
;  it  ready  to  be  committed  to  the  preumen.  In  this  condition,  the  work  it 
ailed  a  form  ;  and  ae  two  of  these  lorms  are  in  most  cases  required  for  every 
tie€t,  it  is  necessary  the  distances  between  the  pages  in  each  form  should  he 
lAced  with  such  exactness,  that  the  impreiwion  of  the  pages  in  one  form  shall 
kU  exactly  on  the  back  of  the  pages  of  the  otiier ;  tlie  effecting  this  is  called 
lafcinp^  register. 

As  It  is  impossible  but  tliat  there  must  be  some  mistake  in  the  work,  either 
hrcMigh  the  oversight  of  the  compositor,  or  by  tl«e  casual  transposition  of  letters 
a  the  casesy  a  sheet  is  printed  offj  which  is  culled  a  proof,  and  given  to  the 
rorrectcnr,  who,  after  reading  it  over,  and  rectifying  it  by  the  copy,  making  the 
iterations  in  the  margin,  returns  it  to  the  compositor  to  be  corrected.  The 
:onipositor  then  unlocking  the  form  upon  the  correcting  stone  by  loosening  the 
quoins  or  "wedges,  rectifies  the  mistakes  by  picking  out  the  wrong  letters  with  a 
ilender  sharp-pointed  steel  bodkin,  and  putting  others  into  tlieir  places.  After 
this,  another  proof  is  made,  and  corrected  as  before ;  and  lastly,  there  is  another 
proof  called  a  revise,  which  is  taken  from  the  form  when  finally  placed  on  the 
press,  in  order  to  ascertain  whether  all  the  mistakes  marked  in  tne  last  proof 
have  been  corrected. 

Tlie  fireumant  business  is  to  work  off  the  forms  thus  prepared  and  corrected 
by  the  compositor ;  in  doing  which,  there  are  four  things  required — paper,  ink 

or  colouring  matter,  balls  or  rollers,  and  a  press. 

To  prepare  the  paper  for  use,  it  is  to  be  first  wetted  by  dipping  several  sheets 

together  in  water;  these  are  afterwards  laid  in  a  heap  over  each  other;  and  to 

niake  them  take  the  water  equally,  they  are  pressed  close  down  with  a  weight 

*t  the  top. 
The  ink  is  made  of  oil  and  lamp*black  ;  for  the  manner  of  preparing  which, 

"Hie  balls,  by  which  the  ink  was  formerly  applied  on  the  forms,  were  a  kind 

^wooden  funnels  with  handles,  the  cavities  of^  which  were  filled  with  wool  or 

kiir,  SI  was  also  a  piece  of  leather  or  pelt  nailed  over  the  cavity,  and  made 

extremely  soft  by  soaking  in  urine,  and  ueing  well  rubbed.     One  of  these  the 

pV'BMinan  took  in  each  hand,  and  applying  one  of  tlicm  to  the  ink-block,  daubed, 

^  worked  them  together,  to  distribute  the  ink  equally,  and  tlien  blacked  the 

'^  which  was  placed  on  the  press,  by  beatine  with  balls  upon  the  face  of 

^.letter.    A  considerable  improvement  on  this  plan  has  been  eflfccted  by  meaiia 

^  isilers,  which  are  now  generally  in  use.     These  consist  of  a  c\'linder  made 

^scfNubination  of  treacle  and  glue,  which  runs  on  an  iron  rod,  affixed  to  which 

re  two  handles.     Instead  of  beating,  as  in  the  former  case,  the  cylinder  is 

^orer  the  face  of  the  form,  by  which  the  ink  is  applied  in  a  much  more 

"M  manner,  and  with  a  considerable  decrease  of  labour. 

^  earliest  printing  presses  were  the  common  laree  wooden  screw  presses, 

ployed  at  the  present  day  for  compressing  paper,  cloth,  &c.     Of  course  this 

is  of  taking  impressions  must  have  been  very  slow  and  laborious ;  and  the 

lore  being  applied  between  the  two  solid  inelastic  surfaces,  a  considerable 

es  of  care  must  have  been  exercised  to  prevent  injury  to  the  letters  or  type 

e  form.     Such  presses  were,  however,  used  for  about  300  years,  without 

ne  attempting  to  improve  them.     A  short  time  previous  to  the  year  1770 

<ears  that  William  Jansen  Blacw,  a  mathematical  instrument  maker,  of 

rdam,  recommended  the  introduction  of  u  spring,  both  over  the  head  and 

the  bed  of  the  press,  which,  upon  trial,  proved  very  satisfactory  ;  he  took 

imielf  an'alteration  of  the  working  screw,  giving  it  more  threads,  which 

lect,  a  quicker  motion ;  and  this,  combined  with  the  action  of  the  springs, 

i  the  impression  '^  sharper,"  witJiout  '*  hardness.'*     Blaew's  presses  were 

be  so  great  an  improvement  upon  their  precursors,  that  Luckcombe,  in 

dry  of  Prmting,  published  in  1 770,  says,  **  There  are  two  sorts  of 

I  nse,  the  old  and  the  new  fashioned ;  the  old  sort,  till  of  late  years, 

only  presses  used  in  England."    Now  the  ''new-fkshioued"  ^T«n  oii 
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Blaew,  though  it  has  become  very  old-fashioned  to  modeni'']iriiilH 
respectable  a  machine,  in  our  eyes,  to  be  wholly  omitted  in  these  pagwi 
diners  not  in  any  considerable  degree  from  the  wooden-framed  pretset  t 
by  many  of  our  printers,  we  shall  here  annex  a  description  which  wQl  m 
apply  to  them  both.  It  consists  of  two  upright  beams,  called  cheelnb 
feet  long,  tenoned  into  a  cap  above,  and,  at  their  lower  ends,  into  a  afto 
frame,  on  which  it  stands.  The  head  of  the  press  is  sustained  by 
bolts,  that  puss  through  the  cap.  A  screwed  nut  is  fixed  in  the  heM, 
which  the  screw  works  when  operated  upon  by  the  lever;  the  Icm 
mity  of  this  screw  is  called  the  spindle,  which  is  a  cylindrical  pico 
working  in  a  metallic  cup  of  oil,  fixed  to  an  iron  plate  let  into  the  top  o 
solid,  and  thick  piece  of  mahogany,  whose  surface  is  brought  to  a 
smooth  plane,  ana  is  called  the  platten.  This  platten,  by  pulling  th( 
made  to  descend  and  press  upon  a  blanket,  which  covers  the  paper 
the  form  of  types,  and  thereby  produces  an  impression.  The  form  ia 
a  broad  flat  stone,  or  thick  marble  slab,  which  is  let  into  a  wooden  fra 
a  coffin ;  this  coffin  is  fixed  upon  a  carriage,  which  is  made  to  run  up 
zontal  railway  under  the  platten  for  an  impressTon,  and  out  clear  oi  1 
to  take  off  the  printed  sheet,  and  put  a  blank  one  in  its  place.  This 
and  forward  motion  of  the  carriage  and  form  is  produced  by  a  strap  an 
turned  by  a  winch  handle.  The  paper  is  adjusted  and  held  down  by 
frame,  called  the  tympan  and  frisket,  which  again  fold  down  over  the  fi 
type,  in  a  very  exact  manner,  before  the  form  is  run  in  under  the  ] 
receive  an  impression.  By  presses  of  this  kind,  about  250  impressioi 
off  in  an  hour ;  in  light  work  it  is  extended  to  300  in  an  nour ;  a 
presses  of  this  kind  were  used  for  printing  newspapers,  the  printers 
by  extraordinary  efforts  and  relays  of  men,  to  work  as  many  a 
the  hour. 

The  principal  defect  in  the  common  or  old  fashioned  press  just  describe 
in  the  effective  power  of  the  lever  being  uniform  throughout  its  range  i 
requiring  the  pressman  to  exert  his  bodily  strength  to  the  utmost,  m  fl 
tug  at  the  end  of  the  pull ;  at  which  time  only,  when  the  platten  is  i 
the  form,  great  force  becomes  necessary.  This  disadvantage  is  e 
obviated  in  the  improved  press  invented  by  the  late  patriotic  Eail 
which  machine  we  purpose  describing  after  having  explained  the 
upon  which  its  chief  excellence  depenas,  namely,  the  combination  of! 
which  the  platten  is  forced  down 
upon  the  form  of  types.  In  the  an- 
nexed diagram  a  h  represents  a  short 
lever,  which  is  connected  to  the  top 
of  the  screw  which  carries  the  platten, 
the  shorter  arm  of  the  said  lever  being 
the  radius  of  the  screw ;  its  longer 
arm  the  distance  between  the  centre 
of  the  screw  to  the  point  h.  This 
lever,  by  means  of  a  connecting  rod 
f,  acts  upon  the  bent  lever  deg^ 
whose  fulcrum  is  at  e ;  and  as,  by 
this  combination  of  the  lever,  the 
platten  acts  but  through  a  small 
space  in  comparison  to  the  space 
passed  through  by  the  power,  it  fol- 
lows that  the  effect  must  be  very 
powerful.  But  it  is  necessary  that  tliis  effect  should  be  at  a  mazin 
the  platten  impinges  upon  the  type,  and  this  object  is  accomplishi 
angular  position  of  the  levers ;  for  when  the  platten  is  elevated,  the  I 
parallel  to  the  line  h  t,  and  its  shorter  arm  ed  \%  nearly  perpendicn 
same  line,  and  also  the  connecting  rod  c ;  therefore  will  move  the  rod 
greatest  velocity  during  the  first  part  of  the  motion  of  the  lever  eyi 
time  the  lever  ah  forms  an  acute  angle  with  the  line  hi;  eonttfq 


mX  ft  diMdvantag«  in  ciunDg  tbe  revolution  of  the  mtcw  ;  but  by 'the  time  the 
lever  >;  ii  brought  petpeoucular  to  the  line  h  i  (when  the  platten  impiogei 
upoa  lite  tvpe)  the  lever  ab  it  also  perpendicular  to  the  connecting  rod  c ;  coti- 
■«^DMtly  It  will  then  exert  iti  greateit  influence  in  ceiuing  Ifae  revolution  of 
thcKTCW,  end  el  this  time  eUo  the  power  of  the  workman  will  be  applied  4t 
rigjht  an^le*  to  the  lever  eg,  therefore  will  produce  the  greatest  effect  precise!  jtt 
tla«  noment  of  impact 

^le  "Stanhope  pten"  i*,  in  other  respect*,  a  coneiderabty  improved 
UkadiiiK.  The  whole  frame  it  made  of  ooe  maiiive  iron  casting,  aa  repre- 
■enled  at  kk  in  the  luljoined  cut,  whicli  exhibits  a  perspective  view  of  iL 
Itm  ihe  upper  part'of  the  machine  a  nut  ia  fixed,  into  which  a  stout,  well 


^>  urew  /  works,  liaving  a  roriicjl  end  that  operatet  t^n  tbe  upper  end 
'^  a  ilider  m,  which  is  fitted  into  a  dovetailed  groove  formed  between  two  ver- 
''ol  bus  n  n  of  the  fVame.  The  slider  has  the  platten  o  firmly  attached  to  tbe 
'^er  cod  of  it ;  and  being  accurately  fitted  in  the  guide  bars  n  %  the  platten 
'i)ei  end  falls  parallel  to  itself  when  the  screw  I  ii  turned.  The  weight  of  lh« 
P^^tleD  and  slider  is  counterbalanced  by  a  heavy  weight  p,  which  ia  suspended 
''^■a  a  lever,  that  acts  upon  the  slider  to  lift  it  up,  end  keep  it  alwayi  bearing 
^SKinst  the  point  of  the  screw.  At  ;  is  a  forked  support  to  the  railway  and  car- 
''^ei.  The  carriage  ismovedbyBwinchor"rounce,  with  a  "spit"  and  leather 
'^ps,  which  pu*  round  a  pulley  r,  one  ttrap  exteudtng  to  the  back  of  the 
'Ariuge  to  draw  it  in,  and  two  other*  paw  round  the  wheel  in  an  opposite  dircc- 
r.°n,  to  draw  it  out:  i  ii  the  table  on  which  the  tjrpe  is  laid.  The  combina- 
tl?**  "^  leven  in  this  machine,  it  will  be  observed,  is  precisely  the  same  as  in 
~'  preceding  diagram,  and  their  action  ig  the  same ;  coniequently  further 
'^cription  of  them  is  omitted. 

The  superiority  of  iron  presses  over  the  wooden  ones  may,  in  a  great  mea- 
*»«,  be  attributed  to  the  extreme  accuracy  with  which  the  corresponding 
^Oibces  of  the  platten  and  table  are  levelled.  This  is  effected  by  turning  them 
'0  tbe  lathe,  with  a  slide-rest;  and  th||  is  performed  with  such  precisian  that  if 
^  do  not  bite  a  hair  or  a  thin  piece  of  paper  in  every  part,  they  are  not  con- 
■Wted  to  be  finished.  The  advantage  of  true  workmanship  must  be  apparent 
in  ptinlii^  such  surfaces  as  those  of  our  large  newnuipert,  and  clearly  bruiging 
tf  tmj  utter  and  dot  out  of  perliapi  a  hundred  thousand  at  more. 


342 


PRINTING. 


I 

Numerous  altetfations  have  been  successively  made  upon  die  Stanliope  press  by 
the  manufacturers,  who  magnify  them  to  the  public  as  being  vast  improvementa, 
as  increasing  the  productive  power  of  the  press  in  a  duplicate  and  even  triplicate 
ratio ;  but  our  mechanical  readers  will  at  once  perceive  the  impossibility  of  the 
correctness  of  such  statements :  that  if  there  be  a  loss  of  ten  or  fifteen  per  cent, 
of  the  power  applied  to  the  Stanhope  press,  arising  from  friction,  &c.,  no  modi- 
^cation  whatever  of  the  six  mechanical  agents  can  save  the  whole  of  such  loss. 
The  press  may  be  rendered  more  convenient  and  handy,  and  the  minor  arrange- 
ments and  appendages  may  be  also  improved ;  indeed,  we  doubt  not  that  such 
ameliorations  have  been  and  will  continue  to  be  introduced ;  but  they  become 
perfectly  insignificant  and  trifling  when  compared  with  the  beautiful  invention 
of  the  patriotic  Stanhope.  Amongst  the  ablest  manufacturers  of  the  present 
day  of  iron  presses,  wc  may  mention  Messrs.  Ruthven,  Medhurst,  Cope, 
Sherwin,  Clymer ;  there  are  many  others,  we  doubt  not,  of  equal  ability,  who 
lj|ive  not  succeeded  in  making  themselves  as  well  known.  All  the  presses  that 
wc  have  from  time  to  time  seen,  and  especially  those  of  the  manufacturers  we 
have  named,  possess  some  peculiar  points  of  excellence  as  well  as  defecta  in 
their  mechanism,  to  describe  and  discuss  which  would  take  up  much  time  and 
space.  In  justice,  however,  to  the  two  first-named  gentlemen,  whose  inventions 
possess  great  originality  and  simplicity,  we  must  afford  room  for  a  compendious 
notice  of  the  peculiar  contrivances  which  distinguish  them  from  all  others. 

In  1813  Mr.  Ruthven,  of  Edinburgh,  took  out  his  patent,  which  term  having 
expired,  the  invention  is  public  property.  Instead  of  placing  the  t^'pes,  as  was 
the  case  in  all  previous  inventions,  upon  a  movable  carriage,  they  are  fixed  upon 
a  stationary  table,  and  the  platten  and  tympans  are  drawn  over  it,  and  the 
impression  is  eflfectcd  by  a  system  of  levers,  the  action  of  which  the  annexed 
diagrtmi  will  serve  to  explain. 
ac  b  is  an  angular  lever,  whose 
longer  arm  a  c  is  in  the  form  of 
a  winch,  to  which  the  workman 
applies  his  power  ;  while  the 
shorter  arm  c  b  acts  upon  the 
extremity  of  the  connecting  rod 
df  by  which  its  ejfficacy  is  trans- 
mitted to  the  point  e  of  the  lever 
ef,  whose  fulcrum  is  at  g ;  this 
lever  is  connected  by  the  rod  h 
to  the  extremities  of  the  levers 
klm,  whose  fulcra  are  m  m.  The 
rods  nn  are  connected  with  the 
levers  klm  at  /  /,  while  their 
upper  ends  act  upon  the  support 

of  the  platten  by  means  of  a  species  of  hooks.  Now  if  the  lever  or  winch  a  c 
be  turned  in  the  direction  of  the  dotted  line  a  o,  the  shorter  arm  c  b  will  posh 
the  rod  d  in  the  direction  be ;  consequently  the  point  e  of  the  lever  efg  will 
move  in  the  direction  of  tlie  dotted  line  ep;  and  as  the  point/ will  describe  a 
similar  arch,  the  rod  k  will  depress  the  ends  k  of  the  levers  klm;  therefore 
the  rods  n  n  will  be  drawn  down,  bringing  with  them  the  platten.  The  same 
regulation  with  regard  to  the  angular  positions  of  the  levers  is  obser\*ed  in  this 
beautiful  arrangement  as  in  the  Stanhope,  so  that  their  greatest  efficacy  is  exerted 
at  the  moment  of  impact. 

Mr.  Medhurst's  press,  except  in  the  mechanism  by  which  the  power  is  com- 
municated to  the  platten,  resembles  those  in  general  use ;  but  in  tliat  respect  it 
forms  a  very  remarkable  exception ;  no  screw  is  used :  but  the  spindle  to  wbick 
the  platten  is  made  fast  is  swelled  out  at  its  upper  end  into  a  broad  stout 
collar,  as  shown  at  a  in  the  following  ^t,  into  which  the  lever  or  handle  b  of 
the  press  is  inserted.  At  equal  distances  apart  on  the  upper  side  of  this  csircular 
collar  are  turned  out  of  the  solid  two  steps  or  cups,  which  receive  the  ends  of 
two  inclined  bolts  c  c,  which  bolts  are  supported  at  their  upper  ends  by  Xkt 
points  of  two  screw-boks  d  d,  that  pass  through  the  head  e,  and  enter  todtcit 


(Bpdt  In  111*  httdt  of  e  e.    WhcD  tha  pltllen  b  up,  the  rod*  c  e  lean  in 
indined  podtion,  ai  iboim ;  but  when  ua  tpindle  it  tamed  a  quarter  of  a  r< 


he  demande  of  the  public 
ja  increase  of  cxpendillire 
n  a  newspaper  circulaiing 
It  least  2000A,  all  of  which 

Cnew  series)  is  inserted  m 
t  of  printing,"   by 


lution,  the  bolta  e  c  talcc  a  vertical  position,  and  as  the  head  t  u  immovable,  the 
collar  a  on  the  spindle  is  forced  down,  and  with  it  the  platten  to  which  it  it 
Attached. 

Prior  to  the  introducUon  of  printing  machines,  the  preai  department  was  one 
of  great  labour,  whenever  extraordinary  expedition  was  required.  It  was  par- 
ticularly the  caae  with  newspapers,  of  which,  witli  the  utmost  exerliona,  scarcely 
ever  more  than  TSO  copies  conld  be  obtained  in  an  hour:  the  consequence  was. 
that  in  newspaper  ojfices  where  the  circiitation  was  extensive,  it  w, 
necessar}',  in  order  to  get  the  paper  published  in  tir 
rmiei ;  so  that,  by  going  to  press  at  the  same  time, 
might  be  compiied  with,  thus  occasioning  an  enorm 
both  in  the  compositors'  and  press  department. 
t  or  aoOO  copies,  this  expense  amounted  annually  tc 
baa  been  saved  by  tlin  introduction  of  machines. 

Jd  the  .Id  vol.  of  the  Quarltrly  Joumat  of  Scirne 
tommuni cation    "on   the   recent   improvements  in 

Mr.  Cuwper,  a  genlleman  of  extensive  information  upon  every  thing  relating  lo 
(be  subject,  who  has  invented  many  important  improvements  in  the  mechanism 
and  procets  of  the  art,  both  individually,  and  in  conjunction  with  his  partner, 
Mr.  Applegath,  and  who  is  therefore  eminently  qualified  to  give  a  correct 
Ualenieut  of  the  fact*,  which  we  shall  subjoin,  slightly  abbreviated  from  the 
•rigiiial.  The  little  diagrams  that  are  inserted  in  the  body  of  the  text  serve 
to  explain,  in  a  very  clear  and  concise  manner,  ilie  leading  principle  or  arrange- 
Meati  of  the  luccessive  inventions  described,  retpecting  which  it  is  also  necea- 
taty  to  obaerve,  that— 

Tha  black  parts  in  every  figure  represent  the  inking  apparatui. 

The  diagonal  lines             „  „             the  paper  cyhnders. 

The  perpendicular  lines    „  „             the  types  or  plates. 

The  arrows                         „  „             the  track  of  the  theet  of  paper. 

It  waa  id  the  year  1790  that  Mr.  William  Nicholson  took  out  a  patent  for 
certain  hnprovementt  in  printing;  and,  on  reading  bis  specili cation,  every  one 
**nut  ba  a^ek  with  the  extent  of  hit  ideas  on  tlie  subject :  to  him  belongs, 
beyond  doubt,  the  honour  of  the  lint  tuggnliot  of  printing  by  means  of 
^jiiodet* ;  the  following  are  hit  own  words,  divested  of  legal  redimdanciea : — 
"  In  the  firtt  place,  I  not  only  avail  myself  of  the  usual  methods  of  making 
^SV^  but  I  do  ukewise  make  mnd  arrange  them  in  a  new  way,  vie  by  ten* 
^^a^  dw  M3  of  tha  letter  gradually  sm^lar ;  tucb  letter  (he  aayt)  in»j  be 
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imposed  on  a  cylindrical  surface ;  the  disposition  of  types,  plates,  and  blocks, 
upon  a  cylinder,  are  parts  of  my  invention. 

*'  In  the  second  place,  I  apply  the  ink  upon  the  surface  of  the  types, 
plates,  &c.  by  causing  the  surface  of  a  cylinder,  smeared  with  colouring  matter, 
to  roll  over,  or  successively  apply  itself  to  the  surface  of  the  types,  &c.,  or  else 
I  cause  the  types  to  apply  themselves  to  the  cylinder.  It  is  aiosolutely  neces- 
sary that  the  colouring  matter  be  evenly  distributed  over  this  cylinder,  and  for 
this  purpose  I  apply  two,  three,  or  more  smaller  cylinders,  called  distributing 
rollers,  londtudinally  against  the  colouring  cylinders,  so  that  they  may  be 
turned  by  the  motion  of  the  latter ;  if  this  colouring  matter  be  very  thui,  I 
apply  an  even  blunt  edge  of  metal  or  wood  against  the  cylinder. 

"  In  the  third  place,  I  perform  all  my  impressions  by  the  action  of  a  cylinder, 
or  cylindrical  surface ;  that  is,  I  cause  the  paper  to  pass  between  two  cylinders, 
one  of  which  has  the  form  of  types  attached  to  it,  and  forming  part  of  its 
surface,  and  the  other  is  faced  with  cloth,  and  serves  to  press  the  paper  so  as 
to  take  off  an  impression  of  the  colour  previously  applied;  or  otherwise,  I  cause 
the  form  of  types,  previously  coloured,  to  pass  in  close  and  successive  contact 
with  the  paper  wrapped  round  a  cylinder  with  woollen  cloth."  He  also 
described  a  method  of  raising  the  paper  cylinder,  to  prevent  the  type  from 
soiling  the  cloth. 


# 


m  '~n 

Nickolion't  arrtmgement  for  arched  tjpf.  NichoUon't  arrangtmcnt  for  common  tfpe» 

These  words  specify  the  principal  parts  of  modem  printing  machines ;  and 
had  Mr.  Nicholson  paid  the  same  attention  to  any  one  part  of  his  invention 
which  he  fruitlessly  devoted  to  attempting  to  fix  types  on  a  cylinder,  or  had  he 
known  how  to  curve  stereot3rpe  plates,  he  would,  in  all  probability,  have  been 
the  first  maker  of  a  printing  machine,  instead  of  merely  suggesting  the  principles 
on  which  they  might  be  constructed. 

The  first  working  printing  machine  was  the  invention  of  Mr.  T.  Koenig,  a 
native  of  Saxony ;  he  submitted  his  plans  to  Mr.  T.  Hensley,  the  celebrated 
printer,  and  to  Mr.  R.  Taylor,  the  scientific  editor  of  the  PhUotophical  Meyastmem 
These  gentlemen  liberally  encouraged  his  exertions,  and  in  1811  he  took  out  a 
patent  for  improvements  in  the  common  press,  which,  however,  produced  no 
favourable  result.  He  then  turned  his  attention  to  the  use  of  a  cylinder,  in 
order  to  obtain  the. impression,  and  two  machines  were  erected  for  printing  the 
Times  newspaper,  the  reader  of  which  was  told,  on  the  28th  of  November,  1814, 
that  he  held  in  his  hand  a  newspaper  printed  by  machinery,  and  by  the  power 
of  steam. 

In  these  machines  the  type  was  made  to  pass 
under  the  cylinder,  on  which  was  wrapped  the 
sheet  of  paper,  the  paper  being  firmly  held  to 
the  cylinder  by  means  of  tapes ;  the  ink  was 
placed  in  a  cylindrical  box,  from  which  it  was 
forced  by  a  powerful  screw,  depressing  a  tightly- 
fitted  piston;  thence  it  fell  between  two  iron 
rollers :  below  these  were  placed  a  number  of 
other  rollers,  two  of  which  had,  in  addition  to  ^  Koeni^$  Hngie,  for  ono  tide «/ 
their  rotatory  motion,  an  end  motion,  that  is,  a  "  thoskoei. 

motion  in  the  direction  of  their  length ;  the  whole  system  of  roUen  tenninatti 
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m  two,  which  applied  the  ink  to  the  types.  In  order  to  obtain  a  great  number 
of  impressions  from  the  same  form,  a  paper  cylinder  (i.  e,  a  cylinder  in  which 
the  paper  is  wrapped)  was  placed  on  each  side  of  the  inking  apparatus,  the  form 
pajsing  under  botn.  The  machine  produced  1100  impressions  per  hour;  lub- 
seouent  improvements  raised  them  to  1 800  per  hour. 

The  next  step  was  the  invention  of  a  machine  (also  by  Mr.  Koenig)  for 
l^irinting  both  sides  of  the  sheet:  it  resembled  two  single  machines,  placed 
wvitb  their  cylinders  towards  each  other,  at  a  distance  of  two  or  three  feet  The 
Blacet  was  conveyed  from  one  paper  cylinder  to  the  other  by  means  of  tapes;  the 
trsLck  of  the  sheet  exactly  resembled  the  letter  S,  if  laid  horizontally,  thus,  go  . 
Is:2  the  course  of  this  track  the  sheet  was  turned  over.     At  the  first  paper 


Koenigi't  Double  Machine,  for  printing  both  tides  of  the  Sheet. 

cylinder  it  received  the  impression  from  the  first  form,  and  at  the  second  paper 

cylinder  it  received  the   impression   from   the   second  form;    the   machme 

printed  750  sheets,  on  both  sides,  per  hour.     This  machine  was  erected  for 

oir.T.  Bensley,  and  was  the  only  one  Mr.  Koenig  made  for  printing  on  both 

udes  the  sheet:  this  was  in  1815. 

About  this  time  Messrs.  Donkin  and  Bacon  were  also  contriving  a  printing 

machine;   having  in  1813  obtained  a  patent  for  a 

machine  in  which  the  tvpes  were  placed  upon  a 

fevolying  prism ;   the  ink  was  applied  by  a  roller, 

which  rose  and  fell  with  the  irregularities  of  the 

prism;  and  the  sheet  was  wrapped  on  another 

prism,  80  formed  as  to  meet  the  irregularities  of 

the  type  prism.     One   of  these   machines   was 

erected  for  the  university  of  Cambridge,  and  was 

*  heautiful  specimen  of  ingenuity  and  workman- 

^p;  it  was,  liowever,  too  complicated,  and  the 

ionng  was  defective,  which  prevented  its  success. 

^evenbeless,  a  great  point  was  attained;   for  in 

^is  machine  were  first  introduced  inking-rollers, 

powered  with  a  composition  of  treacle  and  glue ; 

*Koenig*s  machine  the  rollers  were  covered  with  leather,  which  never  answered 
^  purpose  well. 

In  1815  Mr.  Cowper  obtained  a  patent  for  curving  stereotype  plates  for  the 
pvpoae  of  fixing  them  on  a  cylinder.  Several  of  these  machines,  capable  of 
printing  1000  sheets  per  hour  on  both  sides,  are  at  work  at  the  present  day; 
^d  twelve  machines  on  this  principle  were  made  for  the  Bank  of  England  a 
"^  time  previous  to  the  issue  of  gold. 


Donkin  and  Bacon's  MacMnt 
for  Type. 


CnBper*s  simgU,  for  curved  Stereotype. 

iti. 


Cowper't  double,  for  both  tides  of  sheet. 


I^  it  curious  to  observe  that  the  same  object  seems  to  have  occupied  the 
^tioQ  of  Nicholson,  Donkin  and  BacoUi  and  Mr.  Cowper,  vis.  the  T«yo\u\Miii 
^oun.  X  X 
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of  the  form  of  tjrpei.  Nicholson  sought  to  do  this  by  a  new  kind  of  type, 
shaped  like  the  stones  of  an  arch.  Donkin  and  Baoon  sought  to  do  this  vj 
fixing  types  on  a  revolving  prism ;  and  at  last  it  was  completely  effected  by  the 
curving  of  a  stereotype  plate  by  Mr.  Cowper. 

In  these  machines  two  paper  cylinders  are  placed  side  by  side,  and  ag^nst 
each  of  them  is  placed  a  cylinder  for  holding  the  plates ;  each  of  these  four 
cylinders  is  about  two  feet  diameter ;  on  the  surface  of  the  plate  cylinder  are 
placed  four  or  fire  inking>rollers,  about  three  inches  diameter;  they  are  kept  in 
their  position  by  a  frame  at  each  end  of  the  plate  cylinder,  the  spindles  of  the 
rollers  lying  in  the  notches  on  the  frame,  thus  allowing  perfect  freedom  of 
motion,  and  requiring  no  adjustment.  The  frame  which  supports  the  inking- 
rollers,  called  the  waving-frame,  is  attached  by  hinges  to  the  general  frame  of 
the  machine ;  and  the  edge  of  the  plate  cylinder  is  indented,  and  rubs  against 
the  waving-frame,  causing  it  to  wave  or  vibrate  to  and  fro,  and,  consequently, 
to  carry  the  inking-rollers  with  it,  thus  giving  them  a  motion  in  the  direction  of 
their  length,  called  the  end  motion.  These  rollers  distribute  the  ink  upon 
three-fourths  of  the  surface  of  the  plate  cylinder,  the  other  quarter  being 
occupied  by  the  curved  stereotype  plates.  The  ink  is  held  in  a  trough;  it 
stands  parallel  to  the  plate  cylinder,  and  is  formed  by  a  metal  roller  revolving 
against  the  edge  of  a  plate  of  iron  ;  in  its  revolution  it  becomes  covered  with 
a  thin  film  of  ink  ;  this  is  conveyed  to  the  plate  cylinder  by  an  inking-roller 
vibrating  between  both.  On  the  plate  cylinder  the  ink  becomes  distributed, 
as  before  described,  and  as  the  plates  pass  under  the  inking-rollers  they  become 
charged  with  colour :  as  the  cylinder  continues  to  revolve,  the  plates  come  in 
contact  with  a  sheet  of  paper  in  the  first  paper  cylinder,  whence  it  is  carried,  by 
means  of  tapes,  to  the  second  paper  cylinder,  where  it  receives  an  impression 
on  its  opposite  side  from  the  plates  on  the  second  plate  cylinder,  and  thus  the 
sheet  is  perfected.  These  machines  are  only  applicaole  to  stereotype  plates,  but 
they  formed  the  foundation  of  the  future  success  of  Applegath  and  Cowper** 
printing  machinery,  by  showing  the  best  method  of  furnishing,  distributing^  and 
applying  the  ink. 

In  order  to  apply  this  method  to  a  machine  capable  of  printing  from  tvpe,  it  was 
only  necessary  to  do  the  same  thing  in  an  extended  flat  surface  or  table,  wbtck 
had  been  done  on  an  extended  cylindrical  surface ;  accordingly  Mr.  C-owper 
constructed  a  machine  for  printing  both  sides  of  the  sheet  from  type,  securing 
by  patent  the  inking  apparatus,  and  the  mode  of  conveying  the  sheet  from  one 
paper  cylinder  to  the  other  by  means  of  drums  and  tapes. 


Applegath  and  Covper's  Singl4  Maehint. 


AppUgath  and  Comperes  Double  Machine. 


Mr.  A.  Applegath,  who  was  a  joint  proprietor  with  Mr.  Cowper  in  the 
patents,  obtained  patents  for  several  improvements.  Mr.  Cowper  had  given  t1 
end  motion  to  the  distributing  rollers  by  moving  the  frame  to  and  fro  ia  whic  — — 
they  were  placed.  Mr.  Applegath  suggested  the  placing  of  these  rollen  in  * 
diagonal  position  across  the  table,  thereby  producing  their  end  motion  m  * 
simpler  manner, — a  plan  of  which  we  subjoin.    A  ia  the  inking  table  or  S^ 


i^  an  vUdi  the  ink  ii  ipread  and  diilributcd ;  B  U  tha  form  of  tj^w* ; 
-  MB  the  n^en  for  communicBting  the  ink  to  the  tvpet  j  D  D  D  are  ths 
Mting  roller*  placed  diigonall;  across  the  (able,  their  pivott  rciling  in 
Ji  the  cairiages.  The  table  is  made  to  slide  backward  and  forward,  causing 
St  modoD  the  rollers  to  revolve,  which  are  nicely  adjusted  in  contact  with 
ble,  so  a*  to  press  evenly  on  the  surface  of  it,  those  in  the  oblique  position 


JppltftlVtPmltni  hUfTtih. 


t$  Ike  iok  upon  th«  surfiwe  to  b«  iprtad  out'  Teiy  CTinly,  lo  that  tin 
■  CCC,  which  follow  In  action,  beoome  charged  very  D&tftnmly,  and 
ir  It  to  the  type  in  like  manner.  Tlie  diagonal  rollers  must  have  an 
tlU*  tandency  lo  spread  out  the  ink  in  a  sniooth  gtratum,  by  the  aliding  of 
■111  in  a  different  Erection  to  the  lines  of  revolution  ;  but  there  must  be 
ImUa  friction  at  their  axes  by  the  conatant  tendency  of  th«  table  to 
tit*  nllaia  sideways  or  endways,  which  must  be  provided  against,  or  they 
M|i|Mar  untrue.  He  also  contrived  a  method  of  applying  two  feeder*  to  the 
printing  cylinder ;  these  latter  inventions  are  mare  adapted  to  newspaper 
to  book-printing.  Numerous  machines  have  been  constructed  upon  the 
JBTtntionB  of  Messrs.  Applegath  andCowper,  which  are  mudihed  in  a  great 
Mt  of  ways  for  the  various  purposes  of  printing  books,  bank-notes,  newt- 
\  fcc  ;  they  have,  in  fact,  superseded  Mr.  Koetiig's  machine*  in  the  office 
r.  Bensley  (wlio  was  theprincipal  proprietor  of  Koenig's  patent),  and  alio 
I  office  of*^  the  Tmtt,  as  was  announced  in  that  journal.  No  less  than  forty 
bwere  removed  Irom  Koenig's  machines  when  Mr.  Bendey  adopted  the 
ireiDent*  of  Messn.  Cowper  and  Applegath.  Having,  on  the  Gist  trial  of 
machines,  discovered  the  superiority  of  the  inkiog-roller  and  table  over  the 
MO  ball*,  they  immediately  applied 
Id  the  common  press,  and  with  com-  ^ 

Kccesa;  the  invention,  however,  was  JBShB 
diUely  infringed  througliout  ihe  king-  ''^^^^^ 
snd  copied  in  France,  Germany,  and 
iea ;  and  it  would  have  been  as 
m  to  bavB  attempted  to  stop  the 
;ement  of  the  patent  as  it  was  found 
e  caM  of  the  kaleidoscope.  Thii 
lion  bu  raised  the  quality  of  printing 
illy.  In  almost  any  old  book  will  be  perceived  eroupi  of  words  very 
and  other  groups  very  light j  these  are  technically  called  "monk*  and 
"  vUdi  hitve  been  reformed  altogether.  The  principal  object  in  b  new*- 
tsa^tnc  i*  lo  ol>tain  a  great  number  of  impressions  from  the  mhh  form, 
<  tkU  of  the  sheet,  and  not  from  fico  form*,  or  both  side*  of  the  sheet,  u 
ka. 

dM  TSsMi  machine,  which  was  constructed  on  the  joint  invention  of 
*,  Anj^iatb  and  Cowper,  the  form  panes  nnder  four  printing  cyUnden, 
■n  nd  witli  sbMU  of  paper  by  torn  lads,  and,  afUr  the  dwtta  m% 


M8  PRINTING. 

printed,  itiey  pats  tntn  the  liandi  of  four  other  ladi ;  by  thii  eontrin&e 
■heeti  per  hour  sre  prinliid  on  one  aide. 

Tlie  annexed  enrraviiig  affords  a  general  or  pertpective  Tievr  ef 
Meun.  Cowper  and  Applegath'i  double  machinei,  conitnicted  oo  tb 
ciple  of  the  diagram  on  page  346.    A  boy  is  represented  ai  atuidiiig  i 


slatform,  niih  a  pile  of  paper  A  on  a  tnble  on  hia  lefl  hand,  from  wl 
aai  taken  a  aheet  (if  paper  B,  and  is  applying  it  to  the  machine, 
goe*  under  the  cylinder  F,  and  is  there  printed  on  one  side ,  it 
conducted  over  the  inlennediate  cylinders  H  I,  on  to  the  cylinder  G, 
round  thii,  end  underneath ;  the  sheet  of  paper  is  thereby  turned  ^ 
opposite  aide  against  the  type,  and  receiveB  the  seconder  finishinf. 
■ion,  and  iu  then  conducted  to  the  top  of  the  pile  of  printed  sheeti^ 
a  boy  at  Z  is  shown  sitting  on  a  stool,  and  receiving  the  aheeli  i 
are  presented,  and  laying  lliein  square  on  (he  pile  before  him.  The  I 
farms  of  types  designed  to  print  both  sides  of  the  sheet,  are  placed 
requisite  distance  asunder,  upon  one  long  bed  mounted  on  a  e 
which  is  moved  backwards  and  fomards  upon  a  railway,  constructed  b 
the  carriage,  with  great  accuracy,  into  contact  with  the  cylinden  F  aM 
produce  the  impression.  The  reciprocating  moliiin  of  the  carriage  ii  i 
by  a  pinion  fixed  upon  the  end  of  a  vertical  spindle,  tailing  into  the  tMl 
endless  rack,  which  is  connected  b^  n  system  of  levers  with  the  type  b 
in  such  a  manner,  that  when  the  pinion  is  turned  round,  it  engages,  at  d 
periods,  in  the  teeth  formed  on  the  opposite  sides  of  (he  rack,  and  eonw 
on  the  apposite  circumference  of  the  pinion ;  thereby  a  continuou*  nH 
the  pinion  communicates  a  reciprocating  motion  to  the  rack  and  earruci 
vertical  spindle  is  turned  by  a  couple  of  bevelled  wheeli,  from  the  jpn 
vhich  receives  its  motion  by  an  intermediate  wheel  Q  from  the  loothe 
upon  the  end  of  the  main  cylinder  G.  An  inking  apparatus  ii  situated 
end  of  tlie  machine.  At  N  one  of  these  is  brought  into  view  ;  it  con* 
cylindrical  metal  toller,  which  has  a  slow  rotatory  motion,  communicBteJ 
.       V.  .  .  .,      .j^y  ^^^  ^j^^  end  of  the  axil  rf  I 

to  carry  down  a  thin  film  of  iuk 
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ice,  by  taming  in  contact  with  a  mass  of  ink  disposed  upon  a  hori- 
i  of  metal,  the  edge  of  which  plate  is  ground  straight,  and  the  dis- 
ten  the  two  surfaces  is  adjusted  by  screws.  Upon  an  axis  turning 
anted  a  composition  roller,  connected  by  cranked  levers  with  a  smtui 
rde  fixed  upon  the  end  of  the  axis  of  the  cylinder  g,  causing  it  to 
I  the  axis  P,  and  remain  for  a  short  period  in  contact  with  the  face 
roller  N,  thereby  receiving  a  portion  of  ink  upon  its  surface :  it 
ida  and  rests  with  its  whole  weight  upon  the  surface  of  the  table, 
Szed  to  the  end  of  the  type  carriage,  the  reciprocating  motion  of 
ea  the  ink-table  to  receive  ink  upon  its  surface  from  the  elastic  roller 
tiooed.  In  this  situation,  when  the  type-carriage  returns,  the  surface 
IS  made  to  pass  under  three  elastic  rollers ;  these  rollers  are  mounted 
I  in  a  frame,  in  such  manner  that  they  have  liberty  to  move  some- 
d  down,  in  order  that  the  rollers  themselves  may  bear  severally  upon 
of  the  table ;  and  to  equalize  the  ink  perfectly  over  the  table,  an 
is  given  to  the  rollers  by  means  of  inclined  planes»  against  which 
into  contact ;  and  by  the  further  motion  of  the  type-carriage,  the  ink- 
led  to  pass  under  four  other  small  elastic  rollers,  which  in  like  manner 
beir  weight  upon  the  surface  of  the  table,  and  thereby  take  up  the 
their  circumferences,  which  they  impart  to  the  types  as  the  form  ■ 
kwards  and  forwards  under  them,  thus  touching  every  type  eight 
bilst  thb  operation  of  inking  the  types  is  going  on  at  one  end  of  the 
le  printing  process  is  performed  at  toe  other  end  on  one  of  the  sides 
t  mm  the  types  last  inked,  and  rice  vend, 

rovements  in  printing  machinery,  patented  by  Mr.  Wayte,  a  printer, 
Pleasant,  Lonaon,  in  1829,  deserve  notice  on  account  of  their  oiigi- 
simplicity.  In  his  specification  is  described  a  printing  machine,  or 
ig  two  tables  with  a  form  on  each,  the  one  to  press  the  first  side  of 
ind  the  other  to  perfect  it,  or  print  the  second  side.  These  two 
ilaeed  on  a  vibrating  frame,  whicn  is  actuated  by  a  crank,  and  brings 
lately  under  a  pendent-platten,  which  is  brought  down  upon  them 
•  instrumentality  of  a  crank,  to  give  the  impression.  The  frame 
Knrts  the  form-taoles  consists  of  a  parallelogram  jointed  at  the  angles, 
ire  the  horizontal  position  of  the  forms  is  preserved,  both  when  they 
d  to  the  platten  to  receive  the  impression,  and  depressed  to  the 
receive  a  supply  of  ink.  There  is  an  inking  apparatus  for  each 
id  at  opposite  ends  of  the  machine :  it  consists  of  along  trough,  and 
nd  supply-roller,  of  the  usual  description ;  with  distributing-rollers, 
Rse  the  forms,  and  are  kept  in  their  places  by  guides,  with  long  ver- 
0  receive  their  axes.  Wnen  either  of  the  forms  is  depressed,  its 
p-rollers  are  carried  to  the  ink-trough  to  receive  ink  from  the 
sr,  which  they  transfer  to  the  form  by  passing  over  its  surface  as  it  is 

er  to  be  printed  is  supplied  to  the  machine  from  a  feeding-board, 
e  medium  of  an  endless  web,  passing  over  rollers,  connected  by  bands 
o  the  main  shafl,  which  communicates,  simultaneously,  to  all  parts  of 
le.  The  sheets  of  paper  being  placed  on  the  feedmg-board,  a  boy 
m  forward  singly,  wnen  they  are  successively  caught  hy  the  rollers 
s  web,  by  being  pressed  down  upon  them  through  the  medium  of  a 
lever,  operated  upon  at  stated  times  by  the  motion  of  the  machinery, 
sheet  of  paper  is  brought  between  the  form  and  the  platten,  its 
well  as  the  motion  of  the  form,  is  stopped  while  the  impression  is 
ited  to  it  This  stoppage  of  motion  is  effected  without  interfering 
notion  of  the  main  shaft,  and  other  parts  of  the  machinery,  bv 
:hc  teeth  from  a  portion  of  the  circumference  of  the  spur-wheel,  which 
ites  motion  to  the  web-rollers.  After  the  first  impression  has  been 
le  sheet,  it  is  carried  about  another  roller,  which  turns  its  reverse  side 
e^atten,  while  the  second  or  perfecting  form  is  brought,  by  a  yibra- 
\  inune*work,  under  the  paper  to  print  the  second  side,  or  to  give  it 
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tlie  perfecting  impreiaioiiy  which  is  effected  while  the  motion  of  tht  webHCoQcr 
is  stopped  as  before. 

The  platten  is  suspended  over  the  centre  of  the  press,  and  guided  5>erpen- 
di.'iilarly  down  by  strong  frame-work,  and  the  pressure  is  produced  by  a  verticaL. 
rod,  connected  with  the  platten  at  its  upper  end,  and  with  a  revolving  cra&k  a^ 
its  lower  end ;  a  lever  with  a  counterpoise  is  also  connected  with  the  lower  cnik^ 
of  the  vertical  rod,  which  compensates  for  the  weight  of  the  rod  and  platten^ 
while  the  two  form-tables  balance.each  other  on  the  vibrating  frame ;  and  thorn 
jarring  irregularities  in  the  motion  of  the  machinery  is  prevented. 

The  second  improvement  consists  of  a  printing  press,  or  machine,  with  but 
one  form- table,  which  is  placed  upon  a  frame,  and  made  to  vibrate  between  two 
plattens,  placed  in  oblique  positions,  where  impressions  are  given  by  each  with 
such  rapidity,  that  two  or  more  feeding -boards,  with  the  requisite  web-roUen^ 
are  required  to  supply  it  with  paper.     This  is  a  single  printing  machine,  and 
there  the  sheet  has  to  pass  through  it  twice  before  the  printing  is  completed. 
It  differs,  however,  materially  from  the  common  printing  machines ;  it  havnt 
two  plattens,  and  a  form-table  placed  between  them  on  a  vibrating  frame,  insMd 
of  running  forwards  and  backwards  on  wheels,  as  is  the  case  with  the  ptinttitf 
machines  employed  at  the  Tmet'  office,  and  other  machines  made  by  Appltgiu 
and  Cowper. 

Mr.  Wayte's  third  improvement  consists  in  a  new  arranfi;ement  of  inkiof' 
rollers,  by  which  he  is  enabled  to  diminish  their  number,  and  to  effect  a  sanof 
in  the  ink,  by  conducting  the  supply  to  such  places  only  of  the  distributing 


the  ink  is  supplied  only  to  such  parts  of  the  rollers  as  come  in  contact  with  tbt 
types.  This  mking  apparatus  is  equally  applicable  to  the  printing  mBchimi 
invented  by  Mr.  Wayte,  and  to  those  of  the  usual  construction. 

Mr.  David  Napier,  of  Fitzrey  Square,  London,  a  manufacturer  of  priDtiflff 
machinery,  of  great  ability  and  experience,  specified  a  patent  in  1831,  grantei 
to  him  for  "  certain  improvements  in  pruiting  and  pressing  machinery,  with  • 
method  of  economizing  power,  which  is  also  applicable  to  other  porpoNa 
There  are  four  inventions  contained  in  this  patent,  all  having  reference  to  the 
printing  business,  and  calculated  to  increase  its  facilities ;  we  therefore  snbJMi 
a  brief  account  of  them. 

The /?rf/  is  a  printing  machine,  of  the  kind  called  a  perfecting,  or  that  which 
prints  both  sides  of  the  sheet  before  it  is  delivered  from  the  machine.  Thus 
are  two  forms  of  type  placed  on  the  same  traversing  stage,  so  far  apart  tbst  4s 
distance  between  them  shall  be  equal  to  the  length  of  one  of  the  forms.  Thi 
sheet  of  paper  to  be  printed  is  conveyed  to  the  forms  by  endless  felts  and  g^ 
rollers,  in  the  manner  usually  adopted  in  the  printing  machines  manofiKtmSB 
by  Cowper  and  others.  On  the  axes  of  the  two  rollers,  which  give  the  pWiW'* 
to  the  paper  while  on  the  type  form,  are  ffxed  two  wheels,  with  teeth  eztending 
only  half  round,  each  of  which  takes  into  racks  fixed  on  the  side  of  ths  fcns 
stage.  The  diameter  of  these  wheels  is  equal,  and  they  are  made  exactly  ts 
correspond  with  the  diameter  of  the  rollers  with  which  they  move ;  they  «• 
connected  together,  and  made  to  turn  in  different  directions  by  means  of  s  bsad 
passing  over  equal  pulleys  on  each,  and  being  so  adjusted  with  respect  to  etch 
other,  that  the  teethed  half  of  the  one  shall  be  upwards  while  the  t^cA^^P"* 
of  the  other  is  downwards ;  and  thus  they  will  take  into  their  respective  it»^ 
and  cause  the  form  to  traverse  backwards  and  forwards  alternately.  W 
arrangement  will  be  better  understood  by  inspecting  the  opposite  diagram.  ^ 
represents  the  two  cylinders  which  give  the  impression,  with  spur-wheel  teett 
on  half  the  circumferences,  as  shown  at  h  h.  These  teeth  take  into  the  racbe<i 
which  being  connected  with  the  form  stage  dd^  communicating  to  it  recifW 
eating  motion.  The  sheets  of  paper  to  be  printed  are  receiving  altenst^ 
from  the  feeding-tables  ate/  and  receive  the  nrst  impression  at  they  pass  unte 
the  cylinder  a ;  whence  following  the  course  pointed  out  by  tha  airowB,  thfj 
pais  around  and  receive  the  second,  or  completing  impreadony  in  retnnung 
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ndar  dw  cjlinder  a,  and  ue  finBlljr  delivned  on  the  recrivinr  board  g.  Tbe 
D^en  fidU,  ttpes,  and  guide  rollen,  by  nhtch  the  sheeta  of  paper  are  cod- 
uded,  Are  not  ihown  in  the  drawing,  ai  they  do  not  differ  materially  from  thow 
nally  adopted  for  this  purpoie.  A  i  i  and  I  repreient  a  aeries  of  puUeya,  by 
Uch  the  inking  apparatui  is  put  into  operation. 


Ur.  Napier'i  ttcond  improvement  applies  to  the  inking  part  of  the  printing 
Mefaiaes.  It  coniiati  of  a  aeriei  of  rods,  jointed  and  connected  together  m 
lb  manner  of  the  syitem  of  rods  which  consliliite  the  parallel  motion  of  a 
■wn  engine  ;    and  theie  are  applied  to  produce  an  aUemating  rectilinear 
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)  to  a  frame  carrying  a  set  of  inking  rollers.  This  inking  apparatus  is 
ided  from  a  frame  extending  over  the  type  forms;  and  it  la  equally 
ible  to  printing  machines  on  a  large  or  amall  scale,  whether  actuated  by 


o  printing  m 
IT  any  other  nrtt 

Hw  lAir^  improvement  coniiatt  of  a  pair  of  pressure  rollera  for  the  purpose 
'i  prtntng  the  sheets  of  paper  after  they  have  been  printed,  instead  of  using  an 
ijBBilic  or  screw-press,  to  give  to  printed  paper  the  required  degree  of  smooth- 
'Ml.  Tbe  constmction  of  Mr.  Napier's  roll  in  g-press  does  not  materiallv  differ  from 
^  nlling-press  applied  to  bookbinding  a  few  years  ago  by  Mr.  William  Bum, ' 
nf  Eiitty-atreet,  and  which  has  now  nearly  superseded  (in  London  at  least)  the 
Uorious  and  uncertain  processes  of  beating,  formerly  practised  by  bookbinders. 
broilers  of  the  press  patented  by  Mr.  Napier  are  placed  horizontally,  with 
'*fKt  to  each  other,  while  those  of  the  press  introduced  by  Mr.  Burn  occupy 
•  lotical  position. 

IV  foarth  invention  described  in  this  specification  consists  of  a  plan  for 
•IMlilmg  the  intermittent  power  of  an  alternating  action,  when  applied  to 
Indoce  continuous  rotatory  motion.  The  power  is  tu  be  applied  by  a  lever 
"iriltr  to  B  pump-handle,  which  turns  freely  on  a  fixed  aitia  or  fulcrum ;  at  one 
itMmity  near  this  axis  is  a  click  or  pall,  which  takes  into  the  (eeth  of  a 
<nll  ratchet-wheel  attached  to  tbe  axis  of  a  box  containing  a  coiled  spring, 
>itll  one  end  fixed  to  the  axis,  and  the  other  to  the  circumference  of  the  con- 
iKBJDg  box :  to  this  box  is  fixed  a  toothed  wheel,  which  takes  into  the  teeth  of 
jljnioD,  or  on  the  axis  or  shaft,  to  be  put  into  rotatory  motion  \  and  thus  the 
'■ ~-{  acUon  of  the  lever,  which  ia  only  employed  in  winding  up  th* 
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spring,  is  rendered  efficacious  in  giving  continuous  rotatory  motKm  to  f 
or  spur-wheel,  and  hence  to  any  system  of  machineiy  to  which  it 
applied. 

A  patent  "  for  improvements  in  printing  machines"  was  mnted  toR. 
of  Shoe  Lane,  London,  in  1831,  which  appear  to  us  to  be  of  impost 
they  effect  a  considerable  diminution  of  the  quality  of  altematiDe  mi 
which  economy  of  power,  and  a  saving  of  repairs  are  likely  to  result  1 
form  is  made  to  rest  stationar}',  while  the  inking-roUers  are  made  to 
forwards  and  backwards  over  it,  receiving  their  supply  from  a  ductor  lo 
then  passing  over  a  distributing  table,  on  which  they  have  an  end  as  ^ 
rotatory  motion,  that  the  ink  may  not  accumulate  upon  them  in  lidg 
they  deliver  the  ink  upon  the  types  both  in  passing  forwards  and  bac 
The  frisket  is  attached  to  a  slight  traversing  frame,  which  is  furnished 
series  of  tapes,  on  which  the  paper  is  laid,  so  that  the  tapes  may  conM 
tact  only  with  the  spaces  between  the  pages.  This  frisket  frame  mor 
an  iron  railway,  and  having  received  a  sheet  of  paper  to  be  printed,  It  i 
till  it  comes  over  the  types  and  under  the  platten,  being  preserved  a 
distance  from  the  types  by  spring  supports;  it  is  liberated  by  piec 
jecting  from  the  platten,  and  yields  to  the  pressure  of  the  platten  when 
down  to  give  the  impression.  The  irisket  frame  is  fumuhed  with  conioi 
pins,  with  small  apertures  in  their  tops  for  the  reception  of  other  stea 
for  regulating  the  register  when  the  sheet  of  paper  is  reversed  for  con 
The  motions  of  the  various  parts  of  this  machine  are  produced  in  the 
which  they  are  required  through  the  medium  of  various  levers,  wheels,  cs 
pulleys,  possessing  separately  little  novelty,  but  well  arranged  to  effect 
oination  the  different  and  somewhat  complicated  motions  of  the  n 
these,  however,  we  have  not  deemed  necessary  to  detail  at  length,  as  < 
forms  of  them  may  be  used  without  abandoning  the  principle  of  die  in 

PRISM,  in  Geometry,  is  a  solid  body,  whose  two  ends  are  equali 
and  parallel  planes ;  ana  its  sides  connecting  those  ends  are  parallelosi 

PRISM,  in  Optics,  is  a  triangtdar  prism  of  glass,  which  separates  w 
light  passing  through  it  in  consequence  of  the  different  degrees  of  refki 
that  take  place  in  mfferent  parts  of  the  same  ray.  ' 

^  PROJECTILES.  The  laws  of  projectiles,  or  bodies  projected  by  an; 
sive  force  into  the  atmosphere,  are  identical  with  those  by  which  the 
of  bodies  falling  perpendicularly  in  free  space  are  governed ;  so  that  wl 
relation  is  understood,  a  knowledge  of  the  one  necessarily  leads  to  an  i 
ance  with  the  other.  It  is  well  known  that  if  a  body  be  under  the  infl 
a  single  im[)ulsive  force,  as  a  blow  with  a  hammer,  or  the  explosive 
gunpowder,  its  velocity  will  be  uniform  ;  that  is,  it  wUl  pass  over  eqc 
in  equal  portions  of  time.  It  is  also  well  known  that  a  body  faUine 
space  falls  with  an  accelerated  velocity,  so  that  the  spaces  fallen  utt 
successive  equal  portions  of  time,  con- 
tinually increase.  Now,  if  we  apply  these 
facts  to  the  case  of  a  body  projected 
through  the  air,  we  shall  find  the  same 
laws  to  be  preserved  throughout.  In 
the  diagram,  on  the  following  page,  if  we 
suppose  a  body  a  projected  horizontally, 
that  is,  in  the  direction  ab,  it  would, 
if  not  acted  upon  by  the  force  of  gravity, 
proceed  to  descrioe  the  equal  spaces 
?  ^»  */»  fSfy  ^^^  9  ^1  in  equd  successive 
intervals  of  time.  On  the  other  hand, 
if  we  suppose  the  body  simply  to  fall  by 
iU  own  weight,  it  will  fall  through 
spaces  equal  to  e  h,  ft,  gk,  and  hd,  in 
exactly  the  same  space  of  time  which  it 
would  Uke  to  pass  over  the  former 
spaces,    Let  us  now  suppose  the  two 
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\m  timultaneoiia,  then  the  body  descending  as  much  as  e  A  while 

mioe,  would  be  found  at  A  ;  in  passing  from  ef  it  would  descend 
nd  so  on  till  it  reached  the  point  d.    In  this  process  it  will  be  seen 

tbe  horizontal  nor  the  vertical  velocity  is  at  all  affected  by  the 
I  other.  From  the  spaces  e  A,  ft,  g  A,  and  h  d,  being  as  the  squares 
leet  a e,  af,  ag,  ab  it  is  shown  that  the  curve  ahikdh  a  para- 

im  all  cases,  is  the  kind  of  curve  described  by  bodies  under  the 

two  forces,  such  as  we  have  been  describing.  The  altitude  to 
tjeetile  would  ascend,  and  the  distance  it  would  range  in  a  vacuum 
sertained.  Let  A  B 
t  through  which  the 
mid  ascend  by  the 
■ed  upon  it  at  its 
k  C  the  direction  in 
projected.  Describe 
»  B  D  A  upon  the 
1  wh^e  the  airection 
circumference,  draw 
D  perpendicular  to 
illED  be  one-fourth 
ntal  range,  and  £  A 
to    which    it  will 

the  horizontal  range  and  the  projectile  velocity  be  given,  the 
as  to  hit  a  given  object,  may  be  tnus  found.  Take  A  G  equal  to 
*  A  F,  and  draw  G  D  perpendicularly  to  meet  the  circle,  then  will 
lirectton  in  which  the  projectile  must  be  cast  to  strike  an  object  at 
uige  A  F  and  the  direction  A  C  are  known,  then  the  velocity  that 
n  IS  found  by  taking  A  G,  equal  to  one-fourth  of  A  F,  raising^the 
r  GD,  and  drawing  A  B  perpendicular  to  A  F,  till  it  meets  D  B, 
ndieular  to  A  C ;  then  will  A  B  be  the  altitude  due  to  the  projectile 
nee  there  may  be  two  perpendiculars  on  the  semicircle  of  equal 

will  be  two  different  elevations  that  will  produce  the  same  range; 
e  radius  is  the  longest  Ime  that  can  be  drawn  in  this  way,  the 
;e  will  be  when  the  angle  of  elevation  of  the  projecting  machine  is 
i  i%ht  angle,  and  in  this  case  it  will  be  just  double  the  altitude  due 
I  velocity.  The  time  which  the  body  would  occupy  in  its  flight  is 
1  to  the  time  a  body  would  take  in  falling  through  four  times  the 
» parabola  which  it  describes. 

regoing  remarks  apply  only  to  the  motion  of  bodies  in  a  vacuum, 
lerefbre  require  great  correction  before  they  are  applied  in  practice, 
uticular  cases.  When  used  to  regulate  the  discharge  of  large 
er  bodies  whose  initial  velocities  do  not  exceed  three  or  four  bun- 
!j  may  be  considered  as  tolerably  accurate.  But  in  cases  of  great 
odties,  the  theory  is  quite  inadequate  without  several  data  drawn 
ood  experiments  ;  for  so  great  is  the  effect  of  the  resistance  of  the 
ilea  of  considerable  velocity,  that  some,  which,  in  the  air,  range 

two  and  three  miles  at  the  most,  would,  in  vacuo,  range  about  ten 
or  between  twenty  and  thirty  miles. 
IDE.    A   term   used  in  chemistry  to  denote  the  minimum  of 

CTOR.  An  instrument  used  for  protracting,  or  laying  down  on 
}^ts  of  any  figtire.  The  protactor  is  commonly  a  small  semicircle  of 
divided  it  into  180  degrees;  the  ends  o^the  arch  are  connected  bv 
le,  the  outside  edge  of  which  is  the  diameter  of  the  circle,  ft 
ly  to  draw  angles  on  a  plane,  but  likewise  to  examine  those  laid 
mi  purpose,  there  is  a  small  point  in  the  centre  or  middle  of  the 
Iraight  rule,  which  point,  being  placed  upon  the  vertex  of  the  angle 
of  the  rule,  so  as  to  coincide  with  one  of  the  sides  of  the  angle, 
!  of  the  angle  then  cuts  through  the  number  of  degrees  marked  on 
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tlic  protractor,  which  is  its  true  measurement   Protractors  are  now  ufually  m^i^ 
in  the  form  of  a  paralleloCTam,  and  graduated  with  diverging  lines  n«r^ 
central  point  upon  one  edge,  to  the   opposite  edge  where  the  degrees    ^^ 
marked. 

Mr.  Twitchell's  improved  protractor  is  stated  in  the  FranJclin  Journal  to  coo- 
sist  of  a  circle,  marked  with  the  lines  of  sines,  tangents,  secants,  semi-tangeni^ 
and  chords.     To  the  centre  of  the  circle  is  annexed  a  scale  of  the  shape  of  &j|i/ 
a  cross,  agreeing  with  the  line  of  chords  on  the  circle,  and  marked  on  eacft 
limb  with  tlie  line  of  equal  parts.     The  cross  limb  of  this  scale  consists  of  two 
parts;  to  one  of  which  is  annexed  a  semicircle,  marked  with  the  line  of  chonii^ 
the  other  part  turning  on  its  centre,  and  agreeing  with  the  line  of  chords  on  tbe 
semicircle,  serving  both  as  a  protractor  and  scale.     To  the  centre  of  the  whole 
circle  is  annexed  a  small  limb,  agreeing  with  the  line  of  chords  on  the  drde^ 
and  extending  over  the  scale,  and  serving  as  a  secant  to  the  circle.    This  scale 
exhibits  the  use  of  chords,  sines,  secants,  and  tangents,  and  the  mode  of  applT- 
ing  them  to  angles,  giving  the  sides  and  chords  of  any  triangle,  and  also  its 
sine,  tangent,  and  secant;  likewise  latitude,  departure,  course,  and  distance. 
For  drafting,  this  scale  is  particularly  useful ;  for  in  plotting,  nothing  more  if 
required,  tlian  to  turn  the  scale  to  the  course,  and  mark  the  distance.   Hie 
correctness  of  the  description  thus  given  of  the  instrument  by  Mr.  Twitchell,  ii 
corroborated  by  the  valuable  testimony  of  the  learned  editor  of  the  Jounal, 
Dr.  Jones,  who  remarks  in  a  note,  that  the  instrument,  '*  in  addition  to  the 
purposes  indicated,"  will  be  found  ''particularly  useful  in  teaching  trigonomebji 
as  it  renders  the  relationship  of  the  angles  objects  of  sense.*' 

PUMICE-STONE.  A  light  grey-coloured  substance,  of  a  fibrous  tpnff 
texture,  supposed  to  be  formed  from  felspar,  in  volcanic  fires,  and  thence  ejected 
in  a  state  of  fusion. 

PUMPS.  Machines  for  raising  water  and  other  fluids ;  usually  consisting  of  a 
tube  or  tubes,  in  which  valves  and  pistons,  or  buckets,  are  made  to  operate,  to  pn)* 
duce  the  effect  Engines  differently  constructed,  and  particularly  those  upon  i 
lareer  scale  than  ordinary  pumps,  are  generally  termea  Hydraulic  Macbutu 
which  we  have  already  treated  of  under  that  head.  The  ordinary  definition  ti 
pump  is,  **  a  machine  in  which  water  is  raised  by  the  pressure  of  the  atne- 
sphere,"  which  accords  with  the  prevalent  but  erroneous  notion,  that  the  iiafir 
sphere  does  of  itself  raise  water  to  a  height  of  thirty  feet ;  notwithstanding  itii 
known  to  those  who  have  considered,  the  subject,  that  it  does  not»  in  hft, 
contribute  in  the  slightest  degree  to  raise  it  at  all ;  and  that  the  same  force  ii 
requisite  to  raise  a  pound  of  water  a  given  height,  as  to  raise  a  pound  of  Iea4 
or  of  any  other  substance,  through  the  same  space.  Of  the  evident  truth  (^tui 
fact,  the  reader,  if  a  novice,  will  be  satisfied  upon  reading  our  article  ci 
hydraulics  or  hydrodynamics,  and  by  attending  to  the  following  descriptioo  ef  • 

Common,  or  "  sucUon  **putm>. — ^This  pump  consists  of  two  hollow  cylinden^  a 
b  and  b  d,  placed  one  under  me  other,  and  communicating  by  a  valve  «» wiiic^ 
opens  upwards.    The  cylinder  a  6  is  called  the  suction  pipe,  and  has  its  Wi^ 
end  immersed  in  the  well,  or  reservoir,  firom  which  the  water  is  to  be  raised^  b 
the  barrel  bd  a.  bucket  or  piston  p  is  moved,  having  a  valve  in  it  which  opO* 
upwards ;  this  piston  should  move  air-tight  in  the  cylinder.     At  t  is  a  spout  ft^ 
the  discharge  of  the  water.     Supposing  the  bucket  to  be  at  the  bottom  of  ^ 
cylinder  b  d,  and  in  close  contact  wim  the  valve  u ;  upon  elevating  it,  t^ 
piston-rod  is  kept  closed  by  the  atmospheric  pressure,  and  if  the  valfe  * 
were  not  permitted  to  rise,  a  vacuum  would  be  caused  between  it  snd  ^ 
piston,  the  elevation  of  which  would  then  require  a  force  equal  to  sbt^ 
15  lbs.  multiplied  by  as  many  square  inches  as  are  in  the  section  of  thtfi^   i 
ton.    But  the  moment  the  piston  oegins  to  ascend,  the  elasticity  of  the  tii  i> 
the  suction-pipe  beneath  opens  the  valve  ti,  and  the  air  rushing  througbi  ^ 
balances  part  of  the  pressure  on  the  piston.     Now,  if  the  water  at  a  vfM 
not  permitted  to  rise,  the  air  between  the  piston  and  the  surface  a  wouUi  te 
rarefied  by  the  ascent  of  the  piston.     It  would,  therefore,  press  against  ihi 
lower  surface  of  the  water  with  a  force  less  than  the  atmosphere ;  hot  tkl 
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m  of  the  atmosphere  presses 
ikoe  of  the  water  in  the  well ; 
diminished  elasticity  of  the 
mction-pipe  not  heing  a  coun- 
ir  this,  the  water  b  necessarily 
I  into  that  pipe.  The  height 
the  water  will  rise  in  the  sue- 
}  will  be  proportioned  to  the 
the  stroke  of  the  piston  p; 

wppose  it  to  have  risen  to  J^^- — ' 
of  we  dotted  line  e,  there  is  vyO — ■ 
mpound  column  of  air  and  ILIi 
mane  on  the  level  a  ;  namely, 
a  of  water  o  e  and  the  elastic 
M  air  in  e  6.  These  two  toge- 
we  the  atmospheric  pressure 
Ktemal  surface  of  the  water 
DL  It  consequently  follows, 
air  in  6  e  must  he  rarefied, 
dastidty  falls  short  of  the 
rie  pressure  by  the  pressure  of 
in  m  water  ae.  As  a  column 
bout  thirty-three  feet  in  height 
he  atmosphere,  it  follows  that 
dty  of  the  air  in  6  e  is  equal  to 
ne  of  a  column  of  water  whose 
eoual  to  the  excess  of  thirty- 

w>ve  b  e, 
\  next  stroke  of  the  piston, 

ooantitv  of  air  b  extracted, 

diminisned  elasticity  under 
a  causes  the  water  to  ascend 
evel  /•  and  the  succeeding 
wbe  it  to  the  levels  b  and 
ertOy  this  machine  has  only 

at  an  air  pump,  but  at  the 
Bent  of  the  piston,  the  water 


a 


through  the  piston-valve,  which  closes  and  prevents  its  return  ; 
a  the  next  ascent  of  the  piston,  the  pressure  of  the  atmosphere 
m  water  through  the  valve  u.  The  succeeding  descents  and  ascents 
ded  with  like  efiects,  until  the  water  has  reached  to  a  level  with  the 
i^ere  it  is  discharged  at  every  succeeding  stroke  afUrwards.  Tlie 
Mfiary  to  lift  the  piston  is  the  weight  of  a  column  of  water,  whose 
liiat  of  the  level  of  the  water  in  the  well,  and  whose  base  is  equal  to 
m  of  the  piston.  This  force,  therefore,  from  the  commencement  of  the 
iontinually  increases,  until  the  level  of  the  water  rises  to  the  discharging 
md  thenceforward  remains  uniform. 

!  common,  or  sucking  pump,  operates  by  the  production  of  a  vacuum 
le  working-barrel,  by  which  the  external  atmospheric  pressure  is  called 
Riy.  and  forces  the  water  of  the  well  up  the  suction-pipe,  it  follows, 
pbCon,  at  its  greatest  elevation,  shoula  never  exceed  the  height  of 
nee  feet  from  the  surface  of  the  water  in  the  well. 
distanding  the  common  lifting  pump,  is  incapable  of  raisins  water  from 
a  thirty-three  feet  (in  practice  but  thirty  feet)  below  the  place  where  it 
ized,  yet  it  may  be  made  to  deliver  water  at  almost  anv  required  height 
pbton,  by  the  application  of  a  continued  straight  pipe  into  the  top  of  the 
bairel  ab  of  the  preceding  figure.  Thus,  if  we  suppose  twenty  or  thirty 
B  of  pipe  to  be  so  added  to  it,  since  the  water  once  raised  cannot 
nwaids  again  through  the  piston  valve,  it  must  continue  to  rise  with 
ke  of  the  pump,  until  at  length  it  will  flow  over  the  top  of  the  pipe,  or 
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ihrough  a  spoilt  inserted  in  an;  part  of  iti  aide.     In  thii  caie  atmafphc  s 

Ereesure  has  nothing  to  Ao  with  the  elevation  of  [he  piitou,  coniequentlf  it  n^ 
(.■  cairied  to  any  height  that  the  strength  of  the  pump,  or  the  force  employ  .^ 
is  capable  of;  but  the  handle  h,  or  any  other  contrivance  by  ubich  the  puin^-^ 
worked,  must  be  fixed  at  (he  top  of  the  additional  pipe,  and  the  pii(oii--K-^ 
equally  extended,  in  order  that  the  working-barrel  may  be  kept  within    tl, 
limits  of  atmospheric  pressure,  which  makes  a  pump  thus  arranged  inapj^ 
cable  to  very  great  depths,  on  account  of  the  bending  of  the  piitoo-rod.    Witm 
cast-iron  pipes  are  used,  this  may  in  a  great  measure  be  prevented,  by  placsy 
small  pieces,  with  projecting  arms  of  sufficient  length  to  touch  the  inside  of  tit 
pipe  at  each  joint  of  the  piston-rod,  or  about  ten  or  twelve  feet  asunder,  *bn 
this  pump  may  be  used  for  considerable  depths  with  advantage.     la  usuf 
pumps  to  draw  muddy  or  sandy  water,  it  is  always  advisable  to  set  Ihs  boimn 
of  the  pump  in  a  close  wicker  basket,  or  other  strainer,  becatlse  sand  and  null 
stones  very  soon  destroy  the  leather  and  working  parts  of  any  pump;  mi 
when  pumps  are  used  for  bot  liquors,  which  is  tbe  case  in  many  manurscunf^ 
thick  hempen  canvas  must  be  substituted  for  leather,  unless  the  valves  and  pis- 
tons are  made  entirely  of  metal,  which  is  of  course  preferable. 

The  forcing  pump  is  generally  employed  in  mines  or  in  situations  alien  it  i> 
required  to  draw  water  IVom  great  depths.  Pumps  of  this  kind  act  by  tm- 
pression  instead  of  exhaustion.  Although  atmo- 
spheric pressure  is  not  necessary  to  tlie  construe- 
tion  of  forcing  pumps,  yet  it  is  in  most  cases 
resorted  to  for  raising  iho  water,  in  the  first 
instance,  into  the  body  of  the  pump  where  the 
forcing  action  commences  and  takes  place  ;  and 
when  BO  constructed,  such  pumps  are  usuaUy 
called  lift  and  force  pumpt ;  and  in  all  the  machines 
of  this  description,  the  water  may  be  raised  to 
any  required  height,  without  any  limit,  consistent 
with  the  strength  of  the  parts  and  the  power  at 
command.  Forcing  pumps  do  not  diner  mate- 
rially in  construction  from  tbe  common  pump 
already  described  ;  indeed,  that  pump,  by  a  mere 
inversion  of  its  parts,  may  be  made  into  a  forcing 
pump;  that  is  to  say,  placing  the  piston  below, 
and  the  slop-valve  and  delivering-pipe  above,  as 
shown  in  the  subjoined  figure,  where  k  h  shows 
the  inverted  working-barrel,  and  i  the  inverted 
piston  and  rod,  with  avalve  opening  upwards;  J 
IS  the  stop-valve  placed  at  the  top,  instead  of  the 
bottom,  and  also  opening  upwards  into  the  rising 

tiipe  U,  which  may  be  continued  lo  any  required 
leigbt;  the  lower  end  of  the  working-barrel  is 
quite  open,  and  must  stand  in,  and  be  covered 
with  the  water  it  has  (o  raise,  so  that  no  suction 
or  feed-pipe  is  necesaarj'  to  this  pump;  and  the 
piston  t  may  he  worked  by  a  frame  on,  or  in  any  other 
After  tbe  description  already  given  of  the  common  lift  pump  it  will  be  neeJI* 
to  say  anything  of  the  action  of  this  machine,  as  it  is  presumed  the  fi|;iiit*3 
render  It  sufficiently  obvious.  While  the  lower  end  of  the  working  bairdAl'' 
immersed  in  water,  and  the  piston  ■  moves  upwards  and  downward*,  (be  l«^ 
will  be  tilled  through  the  piston-valve  at  each  down-stroke,  an 
stroke  its  contents  will  be  expelled  through  the  stop-vdve  k,  inlt 
pipe  {/;  and  whatever  the  diameter  of  this  pipe  may  be,  still  tti 
constantly  be  equal  to  the  weight  of  a  column  of  water  of  tbe  siie  of  tbe  «•»■  ' 
ing-barrel,  and  of  a  height  equal  to  the  perpendicular  altitude  of  the  water  i>  ' 
tliB  ascending  pipe ;  for  this  pipe  may  he  placed  horizonlelly  or  obliquely,  »•■ 
matenall^  to  alter  its  length ;  but  it  is  the  perpendicular  height  between  lbs 
'      '    '  !  raised,  and  its  point  of  discharge,  which  must  slfliM 
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'  aeeotmt  in  ettiniating  the  load  apou  a  pump  i  since  laereMe  of 
■t  hew ht  in  the  pipe  produce!  no  other  reuitance  than  that  of  fric- 
I  Mnly  orereome  b^  increaiinK  the  capaci^  of  the  pipe>  It  may 
ha  preceding  pump  is  spplicable  to  every  purpose  and  to  every  litua- 
niiing  water  from  minei  and  the  deepeit  placet ;  but  this  ii  not 
■g  to  the  almost  imperceptibly  small  elasticity  of  water,  and  the 
I  Mf  imrlia,  which  belong*  to  fluida  in  common  with  solid  matter, 
ha  pump  sliowD  in  the  lost  figure,  if  we  presume  the  pipe  11  to  be 

that  water  has  not  sufficient  elasticity  to  permit  the  banel  A  A  to 
eontenta  through  the  valve  t,  without  putting  all  the  wat 
itioa,  while,  when  the  pieton 
it  motion  will  be  at  an  end. 
It  wiU  therefore  be  in  an  alter- 

ntt  and  motion ;  and  if  the 
IK>  and  its  quantity  great,  the 
if  be  very  contiderabie ;  that 
Ql  require  a  considerable  exer- 
to  gel  it  from  a  state  of  rest 

and  when  it  has  once  begun 
U  have  no  immediate  tendency 
in  to  rest,  but  might  be  coii- 

moticn  with  less  force  than 
IS  originally  employed  (□  move 
cent  of  the  piston,  however, 


>e for  bU them 


>n  that 


leated  to  be  completely  lost ; 
1  working  this  pump,  we  not 
weight  of  the  column  to  over- 
natural  inertia  to  combat  with 
ike.  This  may,  in  a  great 
icmoved,  by  keeping  two,  or 
■etter,  three  pumps  eoiiBlantly 
triple  or  three-throw  crank; 

S'thia  expedient  is  generally 
1  small  engines  for  throwing 
sat  height,  for  fay  this  mean* 
■ever  permitted  to  stand  slill 
but  a  constant  flow  or  stream 
.  No  illaatratlon  is  neceiaaty 
tlis  reader  the  combination  of 
worked  by  a  triple  crank, 
iring  the  aitemating  motion 
of  the  series,  at  equal  di»- 
le  And  space  throughout  the 
at  a  mechanical  arrangemeut, 
riple  crank  is  employed  to 
mp,  containing  three  buckets 
a  the  same  working  barrel, 
ig  tb«  tame  effect  as  three 
1 1*  require  the  aid  of  graphic  delineation ;  accordingly,  we  annex 
A  A«  process  of  railing  water  it  thus  conducted ;  it  is  the  inven- 
>a*niI(Hi,  of  Blackvall,  and  was  the  subject  of  a  potent  granted  to 
.  The  figure  in  the  margin  ma^  be  called  8  &ont  elevation, 
tbo  working  barrel  or  cylinder  being  broken  awav  to  show  tlie 
«  k  the  uppermost  bucket  or  piston,  the  rod  of  which  bt'a  hoi- 
g  eonnected  to  a  beat  arm  d,  it  is  thereby  attached  to  one  of  the 
ndMng  three-throw  crank  t.  The  middle  bucket  /  haa  also  a 
K  whkn,  being  of  smaller  dimensions  than  the  former,  slide*  &eely 
4  i*  connectea  to  the  crank  «  by  another  bent  arm  A.  The  lower- 
baa  ■  solid  rod  ii  which  pastes  entirely  through  the  hollow  rods 
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of  the  other  buckets,  and  is  attached  direcljy  to  the  middle  of  the  a«,ti; 
Upon  each  uf  the  limbs  uf  the  crank  are  placed  anti-fHc^n  wheels,  narkin 
in  elliptical  elota  at  the  upper  end  of  cnch  rod,  by  which  the  attijtioii  of  tk 
rubbin"  surfaces  is  consiijerably  reduced. 

By  this  urengemfnt  it  will  be  seen  that,  on  turning  the  crank  by  the  wincbei^ 
the  buckets  alternately  receive  and  lift  the  water  which  hu  puiod  upwards 
tliTough  their  valves.  On  raising  the  bucket  ■  s  vacuum  is  effected  Dndeniesll^ 
and  the  water  rises  from  the  main  pipe  I,  luid  fills  the  lower  part  of  the  ^Un- 
der; oD  the  descent  oft,  the  water  is  received  above  it  through  its  valre;  vlile 
i  descends,  /  rises,  so  that  tlie  water  fiUs  the  space  between  the  two;  on  ibe 
re-Bction  of  the  bucket  i,  more  water  is  received  into  the  barrel  from  the  miii^ 
while  the  upper  bucket  a  operates  upon  the  middle  one  /  in  the  same  nuuer 
as /has  been  described  to  operate  upon  j;  thus,  by  the  stmiiltaneout  allemaliDg 
motion  of  the  three  buckets  or  pistons,  the  water  is  discharged  in  one  cmliii- 
uous  stream.  Although  this  invention  reflects  credit  upon  the  ingenuity  of  (lie 
inventor,  we  must  be  permitted  to  question  its  superiority  over  simpler  macLJMs. 
It  will  be  evident  that  the  patentee's  object,  (and,  if  we  recollect  rightly,  It  >l 
stated  so  in  bis  specification,)  ia  to  obviate  the  employment  of  an  air  vokI. 
But  in  doing  tliii  be  has  constructed  a  machine  quite  as  expensive,  uiil  l>u 
incurred  a  greater  waste  of  power,  owing  to  the  friction  that  must  take  pUct  in 
his  concentric  tubular  piston-rods;  besidei  a  greater  liability  to  denngenniiby 
the  multiplicity  of  parts. 

The  forcing  pump  ia  made  in  two 
forma,  auited  to  the  situation  and  cir- 
cumstitnces  under  which  it  has  to  work. 
The  [simplest  construction  is  shown  in 
the  annexed  cut  It  consists  of  a  truly* 
bored  cylindrical  worliing-harrel  /,  the 
top  of  which  is  quite  open  to  admit  the 
solid  piaton,  which  works  it  in  a  per- 
fectly ait  and  water-tight  state,  by  means 
of  the  lever  or  handle,  or  any  other 
more  convenient  application  of  power; 
h  ia  the  feeding-pipe,  dipping  into  the 
water  to  be  raised,  oa  in  any  other 
jmmp,  and  this  pipe  mav,  of  course,  he 
made  of  anv  length  under  thirty-three 
feet ;  t  is  the  stop-valve  covering  the 
top  of  the  feed-pipe,  and  permitting 
water  to  rise  into  the  working-barrel  as 
the  piston  ascends,  but  nut  permitting 
it  to  return  again  ;  so  that  whenever 
the  piston  is  raised  by  its  handle,  ths 
barrel  will  be  filled  with  water  forced  up 
the  pipe  h  by  almoapberic  pressure;  and 
when  the  piston  descends  again,  since 
there  is  no  valve  in  it  to  permit  the 
water  to  paas  through  it,  it  will  be 
forced  up  the  laterfj  pipe  /  (opening 


and  through  the  valvi 
■  itrained  ■    '    '  "- 

!  of  the  atmosplu 


the  bottom  of  the  working-bartcl)i 
which  preventa  ita  returning  back  again,  so  that  it<i 


this  pipe  may  he  continued  to  any  required  height,  without  regard  tc 
''       "  loapherc,  since  the  ascent  of  the  water  J 
>u  the  mechatucal  force  that  is  applied  ti 


constrained  to  find  its  way  up  the  rising  pipe  p,  fixed  above  the  valve  ■■,' i 
•'-'-'-'- '- continued  to  any  required  hei""'   "  "''      '  .  .    .,    _ 

Shere,  since  the  asce 
I e  mechatucal  force  ,,  _  .. 

the  piston.     While  the  piston  rises  to  fill  the  working-barrel,  tbe  v^vc 

be  shut,  and  of  course  all  motion  of  the  fluid  in  the  pipe  p  will  cease,  ttl 
hence  the  use  of  the  air-vessel  n ;  for  it  will  he  seen  that  the  pipe  pvvt, 
joined  on  immediately  above  the  valve  m,  hut  thai  it  passes  thr^n^h  the  top  <l 
no  au-tigbt  copper,  or  other  hollow  vessel  n,  and  proceeds  nearly  to  the  bottM 
oJ  It.  Air  being  a  lighter  fluid  tliaii  wator,  will  of  course  occupy  the  uj^er  p* 
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it  ««MrI ;  ud  u  lOon  m  the  action  of  the  pump  bu  filled  it  with  water 
>  die  line  oo,  or  juit  abova  the  lower  end  of  the  open  nipe  p,  all  air  that 
eve  the  water  will  be  coniiDed,  and  unable  to  escape.  If,  now,  Ihe  working 
le  luitnn  btt  aunpoeed  to  throw  water  more  rapidlj  into  the  ait-vessel  than 
t  by  Uie  pipe  p,  it  is  evident  that  such  confined  air  will  be  con- 
lompasi  than  it  naturally  occupies,  in  order  to  make  room  for 
ks  the  elasticity  of  air  is  constant,  and  increases  in  power  with 
legrce  of  coDdenialion  without  limitation,  so  the  spring  of  the  air  in  the 
NMcl  will  become  a  counlerpoiie  or  equivalent  for  any  height  to  which  the 
■f  may  be  carried;  and  although  the  water  in  the  pump  explained  at 
tU7>  would  not  admit  of  condensation  so  as  to  permit  a  freih  quantity  of 
*la  enter  the  ascending-pipe  without  putting  all  its  contents  into  motion, 
db  introductioa  of  the  tur-Te«tel  obviatei  this  diliicultv ;  for  now  the  new 
Ui^  of  water  is  not  delivered  into  a  former  quantity  of  inrlasUc  water,  but 
a  vessel  filled  with  air,  which  readily  allows  a  change  of  dimensions  ;  and 
la  the  piston  is  rising,  and  projecting  no  water,  the  preriously  con- 
Nd  air  in  tt  hat  time  to  re-expand  into  its  former  volume,  by  expelling  an 
nduit  quantity  of  water  up  the  pipe  pp ;  and  thus,  if  the  air-veaael  ia 

*  Kougn,  a  constant  and  equable  current  may  be  mainlalned. 
ks]  annexed   figure   shows   another 

1  «f  the  forcing  pamp,  though  this 

Kmction  is  generally  called  the  lift  n 

forca  pump ;  its  formation  is  the 
e  as  the  last-described  figure,  except 

the  piston  u  not  solid,  hut  is  per- 
Ud,  and  covert  by  a  valve  opening 
atds,  as  b  the  common  liftiug- 
ip;  the  piston-rod  ;  likewise  moves 
la  air-tight  manner  through  a  stufi*- 
boi,  or  collar  of  leather,  on  the  lop 
be  working-barrel,  which,  in  this 
',  is  closed ;  and  the  lateral  deliver- 
roe,  with  ita  air-vessel,  proceeds 
1  Ow  upper  instead  of  the  lower  part  |^ 

be  working -barreL     This  pump  not         ^nR^ 
'  has   the   stuffing-box,   but  three 
ft,  instead  of  two,  as  in  the  last 
1^ :    it    is,   consequently,   rather 

•  inbicate  and  expensire  in  its 
ttnetioD,  with  no  other  advantage 
t  that  it  ia  rather  more  cleanly  In  )U 
tiw ;  to*  if  tb*  piston  of  the  former 
sp  IB  not  quite  water-tight,  a  quan- 

el  water  may  flow  over  the  open 

rf  its  working-barrel,  which  cannot 
Am  case  in  this  pump,  if  weQ  made. 
<ir  action  u  very  nearly  alike,  for 
tiM  pump  raises  water  through  the 
*i(B-Btp«  a,  by  the  elevatioD  of  the 
In  >;  on  depTMsing  die  piston,  that 
Iw  naaaea  thrxmeb  it  by  its  valve,  and 
I  abore  it  to  fill  the  uj  _ 

the  water,  being  unable  to  escape  at  the 


it  to  fill  the  upper  part  of  the  working-bartel ;  on  tl 
jMton,  the  water,  being  unable  to  escape  at  the  top  of  the  \ 
mtmtt  and  stuffing-box  a^isforced  up  the  lateral  pipe  I  m 


of 
of  the  barrel  on  account 
I  Into  the  air-vessel, 
thence  passes  away  by  the  ascending'jupe  k  as  before.  When  the 
W  baa  risen  in  the  air-vessel  to  the  dotted  line  po,  so  as  to  cover  the  lower 
ofthiapipe,  the  air  will  be  confined,  and  their  operetions  must  be  alike.  The 
t^mA  mtut  be  suited  in  its  capacity  to  the  magnitude  of  the  pump  or  pumps 
Uivrr  water  into  it  (for  several  pumps  are  n^quently  made  to  open  into 
eoBUBOD  ait^veascl},  and  ought,  in  all  eases,  to  contain  at  least  six  or  eight 
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volumes  of  the  pump,  in  order  that  the  increasing  expansive  force  c 
may  not  influence  the  motion  of  the  piston  during  a  single  stroke ;  bo 
no  precise  rule  can  he  given,  as  the  relative  dimensions  may  vary  tc 
circumstances  of  the  case.  These  forcing  pumps  with  air-vessels  are  i 
generally  adopted  in  water- works  for  supplying  cities  or  towns ;  and  tl 
at  which  the  water  is  at  any  time  delivering,  may  be  very  nearly  etti 
the  air-vessel  is  large,  and  the  supply  equable,  by  examining  the  aegre 
densation  of  the  air  within  it  This  is  very  conveniently  done  by  ^ 
consisting  of  a  glass  tube  with  a  closed  top,  applied  by  a  stop-cock  to  t 
part  of  the  air-vessel,  or  that  which  is  always  filled  with  water;  at  r 
gauge  is  represented;  and  as  it  has  an  open  communication  with  the  i 
when  the  cock  s  is  open,  the  air  in  the  top  of  the  tube  will  sufier  the  if 
densation  as  that  within  the  vessel.  The  height  of  the  spaces  occopii 
within  the  tube  must  be  measured ;  and  as  the  air  at  its  ordinary  dei 
balance  a  column  of  water  thirty-three  feet,  high,  so  if  confinea  air  j 
with  the  weight  of  such  a  column,  it  will  shrink,  or  be  condensed  intx 
former  bulk  ;  whenever,  therefore,  the  air  contained  in  the  tube  r  is  dimn 
half  its  original  length,  the  condensation  within  the  air-vessel  must  be 
two  atmospheres :  or,  what  is  the  same  thing,  the  water  in  the  pipe 
stand  at  the  elevation  of  33  feet.  If  the  water  in  p  is  raised  to  twiee 
or  66  feet,  then  the  condensation  within  the  air-vessel  must  be  equal 
atmospheres ;  and  the  air  within  it,  as  well  as  within  the  tube,  will  be  db 
to  one-third  of  its  original  bulk ;  one-fourth  of  the  bulk  will  indie 
atmospheres  of  condensation,  and  be  equal  to  the  elevation  of  the  watci 
to  132  feet,  and  so  on,  more  or  less,  as  the  barometer  may  vary. 

That  useful  machine,  the  fire-engine,  or  engine  for  extinguishing 
nothing  more  than  two  forcing-pumps,  of  the  construction  shown  at  p 
working  into  one  common  air-vessel  placed  between  them,  and  from  « 
Bpouting-pipe  for  directing  the  water  upon  the  fire  proceeds.  The  hai 
so  disposed,  that  while  the  piston  of  one  pump  is  up,  the  other  is  dm 
they  are  elongated  for  the  purpose  of  enabling  a  great  number  of  men 
them  at  the  same  time,  for  the  purpose  of  throwing  a  very  large  qa 
water,  which  is  rendered  a  continuous  stream  by  the  action  of  the  air-vei 
Fire-Engine. 

It  is  curious  that  the  most  ancient  pump  we  are  acquainted  with,  nan 
of  Ctesibius,  at  least,  as  it  is  handed  down  to  us,  very  closely  reaen 
present  fire-engine,  for  it  consists  of  two  forcing-pumps,  disposed 
described ;  but  instead  of  discharging  their  contents  into  an  air-vesi 
merely  deliver  them  into  an  intermediate  close  cistern,  from  whidi  t 
ascends  by  a  perpendicular  pipe,  and  in  which  nothing  is  wanting  bot 
densation  of  air.  It  must,  however,  be  observed,  that  both  the  pn 
described  would  be  forcing  pumps,  without  their  respective  air-veaie 
though  they  act  much  more  advantageously  with,  they  are  sometimef  en 
without  those  appendages. 

We  now  proceed  to  describe  a  pump  with  a  double  action,  prodn 
same  efiect  in  its  up  as  in  its  down-stroke ;  the  water  being  alternate 
and  forced  on  the  opposite  sides  of  the  piston ;  that  is  to  say,  by  the  t 
of  the  piston,  the  water  above  it  is  forced  out  of  it  into  an  air-yeiae] 
the  same  time,  the  cylinder  is  re-charged  by  the  water  following  th 
underneath ;  then  by  the  return  or  down-stroke,  the  water  underneath 
out,  and  it  flows  in  above,  ready  for  the  repetition  of  the  operatioBi  a 
continuously.  In  the  diagram  on  the  following  page,  a  represeBti 
piston,  its  rod  working  air-tight  in  a  stuffing'^box  6,  fixed  at  the  to 
pump-barrel  c  e.  The  water  from  the  well,  supposed  to  be  not  more  tk 
feet  deep,  ascends  into  the  vacuum  of  the  pump  by  the  pipe  </,  and  ia  e 
by  a  branched  nipe  e^  to  the  top  and  bottom  of  the  bairel  alternately, 
valves  ff  and  A,  which  open  mwaxds.  On  the  opposite  side  of  tbe 
barrel  are  two  corresponding  apertures,  furnished  with  valves  s  and  j, 
outwards,  and  conducting  the  water  by  a  branch-pipe  k  I  into  a  singli 
leading  into  an  ai]>vessel  o,  whence  it  is  discharged  by  the  tube  a. 


1^  the  force  lliui  exerted 
ittbe  valve  h,  uid  impelled 
'  IkToueh  the  valve  j,  the 
and  pipe  m,  into  the  aiiv 
where  tlie  eluiicity  of  the 
ng  upon  the  futfue  of  the 
la  forced  it  up  the  pipe  p. 
da  operation  ihere  haibeen 

ri  the  production  of  a 
e  the  pitton  ;  conie' 
the  prenuje  of  the  air, 
DO  the  lutface  of  the  water 
Mil,  hai  compelled  it  to 
E  puton  in  its  deMent,  and 
le  chamber  above;  after- 
■on  the  aicent  of  the  piiton, 
rd  force  ihuu  the  valve  ff, 
H  the  valve  i,  through 
e  water  is  propelled  along 
eh  i,  pipe  m,  atr-verael  o, 
{ the  pipe  p.    During  tbii 


^Er£ 


filled  the  barrel  under  the  piston;  and  tUuithe  proceia  i*  continued  at 
la  pump  is  worked. 

•or^  Vaughan,  of  Mile-end  Old  Town,  took  out  a  patent  in  1830  for 
^acting  pump,  acting  io  a  boritontal  direction ;  the  principle  of  iu 
majr  be  readily  understood  after  the  description  of  the  foregoing,  and 
ling  it  to  a  high-pressure  steam  engine,  with  such  difference  only  as 
it  better  to  the  pumping  of  water.  The  working  chamber  is  either 
ll  or  square ;  but  each  end  of  it  is  conaiderably  enlarged  downward, 
I  valves  that  receive  the  water  from  the  rising  main  ere  lilualed.  The 
lolid  and  packed  like  those  for  steam  ;  the  piston-rod  passes  thnJugh  a 
ox  at  one  end  of  the  chamber,  and  is  attached,  at  the  fartnest 
,  to  a  cro»  head,  to  which  is  connected  two  spesr-roda.  One  of  these 
»  on  each  side  of  the  pump,  and  beyond  the  opposite  end  of  it,  to  a 
lieh  ii  made  to  revolve  in  plummer  blocks  (lixed  to  a  suitable  rrame), 
rned  either  with  a  winch,  by  manual  labour,  or  by  any  other  suitable 
The  motion  thus  descrihed  is,  of  course,  nothing  but  the  ordinary 
lotion.  In  order  that  the  piston  may  not,  by  its  weight,  wear  most  on 
nda,  the  piston-rod  is  continued  on  both  sides  of  it;  and  beyond  the 
the  piston,  the  rod  is  supported  by  an  anli-friction  wheel ;  thence  the 
I  a  tubular  case,  closed  at  the  furthest  extremity  to  prevent  the  escape 
ter,  u  it  it  not  packed.  The  action  of  the  pump  is  this :  suppose,  by 
ution  of  the  crank,  the  piston  to  be  moving  to  the  right  hand,  a 
I  produced  on  the  opposite  side  of  the  pislon,  which  causes  the  valve 
ristng  main  to  be  opened  by  the  pressure  of  the  aLmosphere,  and  the 
ia  thereby  tilled  with  water.  On  reversing  the  stroke  of  the  piston,  or 
lie  left,  the  righthand  valve  is  opened  from  the  rising  main,  and  that 
Im  chamber  filled  with  water,  while  the  water  which  previously 
the  left  end  of  the  chamber  is  forced  out  by  the  piston  throu^ 
raJva  on  the  upper  side ;  the  succeeding  stroke  in  like  manner  dis- 
M  water  in  the  right  chamber,  and  fills  that  of  the  left,  and  thut  tho 
eontinuouB.  In  the  drawing  attached  to  the  specification,  a  laige 
idrieal  wheel  i«  shown  as  fixed  to  the  upper  side  of  the  pump,  for  Uie 
of  the  water  delivered  through  the  upper  valves,  and  in  the  crown  of 
1  ■  pipe  for  conducting  the  water,  if  required,  to  a  greater  elevation. 
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It  would  (.bvioiisly  have  been  better,  had  the  patentee  made  tbe  upper  part  of 
Ihia  vessel  iiilo  an  air-chamber,  by  causing  the  escending-pipe  last  meiilioned 
to  dip  nearly  to  the  boltom  of  ll- 

The  Biinened  engraving  is  a  representation  of  a  pump  constructed  by  Mr, 
Clvmer,  on  the  plan  of  the  ingenioun  Benjamin  Martm;  but  the  luction-^ipe 
and  llie  valvr-i  are  no  disposed  as  to  retain  any  heavy  bodies  that  may  be  raised 
by  the  pressure  of  the  almosphere  acting  upon  the  vacuum. 


Tlie  above  perspective  sketch  ihowi  ihat  the  rising  main  leads  into  a  spacMM 

valve-bax,  in  connexion  with  two  short  and  wide  norkin^barrela,  left  open  to 
the  atmosphere.  The  piston-rods  are  attached  to  a  lever,  vibrating  on  a  eenlnl 
fulcniiti  which  is  mounted  upon  a  standard  between  the  two  cyliadcra;  andU 
this  lever  branching  handles  are  united,  to  enable  many  hands  to  b«  emplojal 
in  working  it  Tlie  large  volume  of  water  discharged  from  tbe  barrels  at  ea^ 
stroke  of  the  pump  causes  A  constant  powerful  stream  up  the  rising  main,  M 
that  any  globular  substances  nearly  fitting  it,  as  cannon  bails,  have  dd  of^x** 
lunily  to  lail  down  by  any  intermission  of  pressure  from  underneath  j  they  con- 
sequently get  lodged  in  the  valve-box,  and  are  ejected  by  the  down-alroke  of  ibl 
Sump.  When  employed  a«  an  engine  to  discharge  water  to  a  great  hewbt  « 
islance.  an  air  vessel  is  screwed  on,  as  represented,  and  the  noiale  is  ihM 
plugged  or  capped,  by  which  the  current  is  du^cted  through  the  air  veaseL 

In  drawing  water  from  ^eat  depths,  the  weight  of  the  pump-rods  and  lb* 
water  together  are  sometimes  more  than  can  be  easily  accomplished  by  lb* 


mil   in  »ucb  casci  wc  have  oci  an  ion  ally  oliserved,  in  rountiy 
nple  apparsliu,  limiUr  to  tlial  r.prctenled  in  the  Mowing  cu^ 


ileibalance  Ihe  weight  ol  the  roda.  In  thi*  caxe,  llie  ^ump- 
ia  luipended  to  a  wooden  ipring,  of  Bufiitient  cliulicity  lu 
ht  t^  the  rodi,  and  lo  require  e  part  of  llic  iiiun's  force  to 
t  or  bucket,  in  rcluiti  for  Which  tho  >iirioe  auistH  liiin  in  the 
tnne  penoni  would  be  apt  to  imagine  tliut  power  was  ihut 
tda  coDtideralion  will  enable  them  to  perceive  that  it  is  otilv 
tribution  of  the  lame  force  that  the  deiired  cIToct  is  produced, 
r'l  Mitchanict,  vol.  ii.  i*  Ihe  fol- 
1  of  a  pump,  with  little  friction, 
•Mtrucied  in  a  Tsriety  of  ways 
wpenter,  without  the  auiatance 
plumber,  and  which  will  be 


=J«" 


bil^  in  the  nibjoined  diagram, 
a  aquare  trunk  of  carpcnter'i 
olli  ends,  and  having  a  little 
at  top.  Near  the  bottom  there 
!•  of  board,  perforated  with  a 
ad  with  a  clack  ;  ffff  repre- 
lieal  bae,  made  of  leather  or  of 
ith  ■  fold  of  thin  leather,  sucli 
;WMtl  the  canvass  bags.  'J'bis 
>  the  board  e,  with  soft  leather 
icr  end  of  this  bag  is  fixed  on  a 
iig  also  a  hole  ana  valve.  This 
DM  in  the  lathe  with  a  groove 
id  the  bag  fattened  to  it  by  a 
vaA  iL  'Die  fork  of  Ihe  pislon- 
ed  inta  this  bnard ;  the  bag 
br  ■  number  of  wooden  hoopH, 

'i«:ff.lf.ff.!i-:.mt\,Mit, 

rtance  from  each  other.     It  wiH  he  proper  (o  connect  these 
ing  them  in,  by  three  or  four  cords,  from  top  to  bMtom,  which 

Iheir  proper  dinlaiicea ;  thus  will  the  bag  liave  lh«  fomv  tA  k 
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btrber'ii  bellowi  or  nowitr-jmB,  The  dUtaace  betareen  tta  hoop*  iIumIi 
about  lvic«  the  breadth  of  tb«  lim  of  Ibe  woodeo  ring  to  wUchttonppn  v. 
and  piiton-Kid  are  fixed.  Now  let  this  trunk  be  immened  in  dta  wMor. 
evident,  that  if  the  b^  I>e  itretched  from  the  caraprened  fonn  wUefa  ita 
weight  will  give  it  by  drawing  up  the  piiton-rod,  ita  espscitf  will  b«  «iln| 
the  top  valve  will  be  shut  by  its  own  weight ;  the  air  in  the  bag  will  be  nre 
and  the  Btmoapherc  will  press  the  water  into  the  bags.  When  the  rod  ii  tli 
down  again,  this  water  will  come  out  by  the  top  valve  and  fill  part  of  tha  tnj 
A  repetition  of  the  operation  will  have  a  aimilar  eflect ;  the  trunk  will  b«  GI 
and  ihe  water  will  be  discharged  hy  the  spout 

Many  attempts  have  been  made  to  introduce  pumps  worked  by  a  eontbnii 
rotary  motion,  and  a  great  deal  of  ingenuity  has  been  eierdaed  to  prereslll 
waste  of  power  arising  from  friction,  with  which  they  have  all  been  more  or  li 
accompanied,  hut  in  a  greater  degree  than  the  beat  reciprocating  pumpi.  T 
reader  who  is  solicitous  for  information  on  this  pohit  will  find  nunieroDs  dekti 
tioiiB  of  patented  inventions  of  tha  kind  in  the  Rtperlory,  the  Lendon  Jttn 
xht  Begiiler  of  Arti,  See.;  but  a»  none  of  them  have,  in  our  opinion,  been] 
brought  to  work  lo  well  as  the  reciprocating  pump,  we  shall  here  add  onlj  a 
of  those  contrivances,  which  possesses  as  strong  claima  to  notice  as  any  if  tbc 
It  was  the  subject  of  a  patent  granted  lo  Mr.  Robert  Wbch,  of  Balleises, 
1826,  and  is  delineated  in  the 
subjoined  cut,  which  represents 
•  vertical  section.  At  0  a  is  a 
cylindrical  caae  of  metal,  the 
lioles  at  the  circumference  being 
for  the  bolts,  by  which  the  cir- 
cular side-plates  are  secured  tu 
it)  b  n  the  rising  main  pipe 
from  the  well;  (iAthewstei^ 
way,  and  c  the  discharge  pipe ; 
d  is  a  circular  box,  tum^  round 
upon  ihehexe^nal  shaft  in  tha 
centre  by  a  winch  outside.  To 
the  periphery  of  this  circular 
box  the  flap-pistons  gggg  are 
fixed  by  joints,  and,  as  llipy 
revolve,  they  are  successively 
closed  as  they  come  in  contact 
with  a  "circular  inclined  plane" 
ec.the  under  side  of  which  formi 
a  stop  to  the  upward  course  of 
the  water  on  that  side  of  the 
cylinder.  On  passing  the  curved 

Siicce  f,  the  pistons  successively 
iill  open,  with  llicir  edge* 
touching  the  interior  surface 
of  the  pump  case ;  the  water 
which  has  passed  up  from  the 
main  pipe  through  the  valves  > ', 
Olid  occupied  the  spaces  marked 
kk,n  then  carried  forward  by 
llic  pistons  as  they  revolve,  ami 
is  discliargcd  in  a  continuous 
uniform  stream  at  c.  To  pre- 
vent the  pistons  from  slrikiiig 
violently  against  the  cylinder, 
as  they  are  turned  agailmt  il  by 


Carls,  calrh-hooks  hhkk 
c  drawing  lo  requite  mo 
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fitcilitate  tbe  shutting  of  the  flap-pistons,  as  they  come  in  contact  with  the 
rwed  piece  «,  each  of  them  have  a  second  joint  in  the  middle,  which  gives 
sm  great  flexibility  of  motion.  In  another  modification  of  this  invention,  the 
tentee  employs  a  rotary  vane  for  closing  the  flap-pistons  or  valves  in  sue- 
ssion,  instead  of  the  cw^ed  stop  described ;  but  this  arrangement  renders  it 
icessary  to  have  a  toothed  wheel  flxed  to  the  axis  of  the  circular  box,  to  work  a 
inioQ  on  the  axis  of  the  rotary  vane,  that  the  motion  of  the  latter  may  exactly 
xrespond  with  that  of  the  pistons.  Since  it  is  impossible,  when  a  pump  is 
rdl  made  and  is  in  good  order,  that  the  piston  can  move  without  displacing  the 
rater  that  is  above  or  below  it,  according  to  the  circumstances  of  its  constnic- 
icn,  80^  in  all  pumps  that  consist  of  cylindrical  working^barrels  and  pistons, 
Mthing  more  is  necessary  to  ascertain  the  quantity  of  water  they  will  deliver, 
than  to  calculate  the  solid  or  cubical  contents  of  that  part  of  the  barrel  in  which 
the  vacuum  is  produced,  and  to  reduce  it  to  some  standard  measure,^  and  then 
to  multiply  this  by  the  number  of  strokes  made  in  a  given  time :  thus,  if  a 
pmnp  is  nine  inches  diameter,  and  makes  an  eflective  stroke  of  about  eighteen 
mebes,  such  a  cylinder  will  be  found  to  contain  1134  cubic  inches;  and  as  277i 
CDbie  inches  make  an  imperial  gallon,  so  four  gallons  will  be  equal  to  1109 
cnliic  inches ;  consequently,  such  a  barrel  will  contain  and  throw  out  rather 
more  than  four  gallons  at  every  stroke ;  and  supposing  this  pump  to  make  ten 
ifroket  in  a  minute,  it  would  yield  above  fortv  gallons  in  a  minute,  or  sixty 
timet  that  quantity  in  an  hour,  and  so  on.  This  rule  applies  in  every  case, 
vbether  the  water  is  sent  to  a  small  or  great  elevation,  because  the  piston 
cannot  move  without  displacing  the  water  in  the  barrel ;  but  a  small  allowance 
inutt  be  made  for  leakage,  or  waste,  because  some  water  will.constantly  pass 
^  piston  and  escrae,  or  be  otherwise  lost  and  wasted. 

PUNCH,  AMD  PUNCHING.  A  punch  is  a  short,  stout  piece  of  steel,  or  of 
pin  steeled,  uaed  for  stamping  out  pieces  of  metal,  so  as  to  make  perforations 
Q  iron  or  other  plates,  for  tne  msertion  of  rivets,  screws,  bolts,  &c.  In  punch- 
j^  thick  dates  of  metal,  a  powerful  machine,  consisting  of  a  long  and  massive 
'^9  voned  fay  an  engine,  is  generally  used  in  considerable  works ;  but  as 
^tHduDct  are  only  in  the  possession  of  the  comparatively  few  who  require 
^^if  ibe  kind  to  be  well  and  expeditiously  done,  a  simple  and  cheaply^on- 
pyrf  iDfCnmient  for  the  purpose  becomes  an  important  appendage  to  the 
"■Uip ;  and  such  an  instument  we  here  present  to  the  reader,  which  has 


been  long  and  advantageously  employed  by  Mr.  J.  R.  Hill,  of  the  Westminstrr 

\Umd,  '  - 

utfer- 


•""fe   •»••*»  ••"•••••I'Wg^'WMoijr    c:i»i|/i\j^vu   uy    1*11.  tf.   AV.   J.AIII,   Ui    hlic    «T  CBllIIIIlBirr 

L     /iV/.  1  shows  a  side  view  of  the  machine,  fastened  on  an  anvil  a,  by  a 
r-bolt  b.     Fig.  2,  a  bird's-eye  view  of  the  same.     Ilg.  3,  a  section  of  the 
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punclung-liole,  showing  a  part  cut  out  for  the  pieces  to  fall  out;  pp  is  a,  pU< 
to  he  punched ;  the  back  end  of  tlie  lower  part  of  b  is  furnished  with  a  T  pice 
each  end  of  which  is  turned  up  and  tapped  for  tlie  reception  of  a  centre  scref 
On  these  centre  screws  hangs  the  guide-arm  e,  whicn  is  also  T  sbaped ;  tli 
other  end  of  this  guide-arm  has  a  hole  r,  just  the  size  of  the  point  of  the  pane 
to  be  used  :  in  order  to  bring  this  hole  to  coincide  with  the  lower  one,  it  is  on! 
necessary  to  lengthen  or  shorten  the  arm,  by  bending  it  a  little  more  or  kt 
and  turning  the  screws  a  little  either  way,  which  must  be  granted  is  moe 
easier  than  adjusting  a  punch  sliding  in  square  holes,  guides,  &c.  The  sf 
screws  are  also  fumisned  with  a  nut  each,  to  set  them  fast  when  adjusted.  Ill 
reason  for  making  it  so  long  is,  that  any  width  of  plate  may  come  inside  tli 
holes.  It  is  scarcely  necessary  to  add,  that  a  common  rod-punch  is  used  wit 
its  point  only  filed  up  to  fit  the  bole. 

PURLINES.  Pieces  of  timber  extending  from  one  end  of  a  roof  to  the  other 
tliey  pass  under  the  middle  of  the  rafters,  which  they  support,  and  coontenc 
their  tendency  to  sink  in  the  middle. 

PU'lTY.  A  cement  used  by  glaziers  for  fastening  window-glass  into  tk 
frames ;  it  is  used  also  by  carpenters  and  other  artizans  for  stopping  holes  ii 
their  work :  it  is  made  by  kneading  whiting  and  linseed  oil  together  into  a  itil 
paste ;  when  dry  it  is  very  hard  and  durable. 

i'DlTY,  Powder  of.  An  oxide  of  tin,  much  used  in  polishing  glass  ai^ 
other  hard  substances.  When  tin  is  melted  in  an  open  vessel,  its  surface  toot 
becomes  covered  with  a  grey  powder,  which  is  the  oxide  of  the  metal.  I 
the  heat  be  continued,  the  grey  assumes  a  yellow  tint,  which  is  then  called 
putty. 

PUZZOLANA.  A  kind  of  earth  thrown  out  of  volcanoes ;  it  is  of  rough, 
dusty,  granular  texture.  It  easily  melts  per  se ;  but  its  most  important  mv- 
pcrty  consists  in  its  forming  a  cement,  when  mixed  with  one-third  of  its  weirlit 
uf  lime  and  water,  which  hardens  very  suddenly,  and  is  more  durable  imaer 
water  than  any  other  cements. 

PYRITES.  Native  compounds  of  metal  with  sulphur.  The  principal  ii 
this  country  are  the  sulphurets  of  iron,  called  martial  pyrites,  worked  for  fht 
sake  of  the  sul))hur  they  contain ;  the  sulphurets  of  copper  are  worked  fiv 
both  the  copper  and  the  sulphur  they  contain. 

PYROLIGNEOUS  ACID.    See  Acid  Pyroligneous. 

PYROMETER.     A  machine  contrived  to  measure  the  expansion  of  metib^ 
and  other  bodies,  occasioned  by  heat.     Muschenbroeck  was  the  original  inna- 
tor  of  the  pyrometer ;  the  nature  and  construction  of  his  instrument  may  be 
understood  from  the  following  account. — If  we  suppose  a  small  bar  of  miettif 
twelve  or  fifteen  inches  in  length,  made  fast  at  one  of  its  extremities,  it  ii 
obvious  that  if  it  be  dilated  by  heat  it  will  become  lengthened,  and  its  otber 
extremity  will  be  pushed  forwards.     If  this  extremity  then  be  fixed  to  the  end 
of  a  lever,  the  other  end  of  which  is  furnished  with  a  pinion  adapted  to  I 
wheel,  and  if  this  wheel  move  a  second  pinion,  the  latter  a  third,  and  so  on,  it 
will  be  evident  that  ^by  multiplying  wheels  and  pinions  in  this  manner,  the  kit 
will  have  a  very  sensible  motion  ;  so  that  the  moveable  extremity  of  the  smiU 
bar  cannot  pass  over  the  hundredth  or  thousandth  part  of  a  line,  without  apoiBt 
of  the  circumference  of  the  last  wheel  passing  over  several  inches.    It  tlM 
circumference  then  have  teeth  fitted  into  a  pinion,  to  which  an  index  is  attached, 
this  index  will  make  several  revolutions,  when  the  dilation  of  the  bar  amooBf 
only  to  a  quantity  altogether  insensible.    The  portions  of  this  revolution  otj 
be  measured  on  a  dial  plate,  divided  into  equal  parts ;  and  by  means  of  tk 
ratios  which  the  wheels  Dear  to  the  pinions,  tne  absolute  quantity  which  a  c(^ 
tain  degree  of  heat  may  have  expanded  the  small  bar  can  be  ascertained;  * 
conversely,  by  the  dilatation  of  the  small  bar,  the  degree  of  heat  which  hasheen 
applied  to  it  may  be  determined.    Such  is  the  construction  of  Muschenbroeck'i 
pyrometer.  It  is  necessary  to  observe,  that  a  small  cup  is  adapted  to  the  nukcfaiBei 
m  order  to  receive  the  liquid  or  fused  matters  subjected  to  experiment,  and  k 
which  the  bar  to  be  tried  is  immersed.     When  it  is  required  to  measiure  by  ty 
instrument  a  considerable  degree  of  heat,  such  as  that  of  boiling  oil  or  fax 
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DictaK  fill  the  cup  with  the  matter  to  be  tried,  and  immerse  the  bar  of  i^n  into 
it.  The  dilatation  of  the  bar,  indicated  by  the  index,  will  point  out  the  degree 
of  heat  it  has  assumed,  and  which  must  necessarily  be  equal  to  that  of  the 
matter  into  which  it  is  immersed.  This  machine  evidently  serves  to  determine 
the  ratio  of  the  dilatation  of  metals,  &c. ;  for  by  substituting  in  the  room  of  the 
pyrometric  bar  other  metallic  bars  of  the  same  length,  and  then  exposing  them 
to  an  equal  degree  of  heat,  the  ratios  of  their  dilatation  will  be  shown  by  the 
motion  of  the  mdcx. 

The  most  celebrated  instrument  for  measuring  very  high  temperatures,  is  tliat 
invented  by  the  late  Mr.  Wedgwood,  founded  on  the  principle,  that  clay  pro- 
gressively contracts  in  its  dimensions,  as  it  is  progressively  exposed  to  higher 
degrees  of  heat     He  formed  white  porcelain  clay  into  small  cylindrical  pieces, 
in  a  mould,  which,  when  they  were  baked  in  a  dull  red  heat,  just  fitted  into  the 
opening  of  two  brass  bars,  fixed  to  a  brass  plate,  so  as  to  form  a  tapering  space 
between  them.     This  space  is  graduated,  and  the  farther  the  pyrometric  guage 
can  enter  the  greater  heat  does  it  indicate.   The  limits  of  the  converging  sc^e  are 
five-tenths  of  an  inch  at  the  beginning  towards  the  opening,  and  three-tenths  at 
the  end,  or  towards  the  line  to  which  the  bars  converge.     The  next  thing  to  be 
done,  was  to  ascertaiu  and  establish  a  connexion  between  the  indications  of  his 
^strunnent  and  those  of  the  mercurial  thermometer;  to  accomplish  this,  he 
employed  a  heated  rod  of  silver,  of  which  he  measured  the  expansion.     The 
pUy  piece  and  the  silver  rod  were  heated  in  a  muffle,  and  as  soon  as  the  muffle 
indicated  a  low  red  heat  it  was  drawn  forward  towards  the  door  of  the  oven  ; 
^d  its  own  door  being  then  nimbly  opened  by  an  assistant,  Mr.  Wedc^wood 
pushed  the  silver  rod  as  far  as  it  would  go.     But  as  the  division  to  which  it 
(Cached  could  not  be  distinguished  in  that  ignited  state,  the  muffle  was  steadily  and 
cautiously  lifted  out,  and  left  to  cool.     When  the  muffle  was  sufficiently  cold  to  be 
^Xammed,  the  degree  of  expansion  at  which  the  silver  stood  was  carefully  noted, 
3]id  the  degree  of  heat  shown  by  the  clay  pieces  was  measured  by  their  own 
guage ;  after  which,  the  whole  was  returned  into  the  oven,  and  exposed  to  a 
n^ore  mtense  heat,  in  order  to  obtain  another  point  of  correspondence  between 
^  two  scales ,  the  graduated  silver  rod  serving  as  an  intermediate  scale,  with 
^Kieh  Wedgwood'n  and  Fahrenheit's  might  be  readily  compared.     The  first  of 
^'^tse  points  of  ajrrerpondence  was  2i'»  of  Wedgwood's,  to  1370°  of  Fahren- 
Ws;  the  second  was  6^**  of  Wedgwood's,  to  1890°  of  Fahrenheit's.     Hence, 
Weause  6i  —  2}  «  4,  and  1890  —  1370  =  520,  it  appears,  that  an  interval 
^  4  demes  on  Mr.  Wedgwood's  instrument  is  equivalent  to  520  degrees  on 
^  of  Mr.  Fahf onheit's,  and  consequently,  that  1  degree  of  the  former  equals 
1^  of  the  latter,  and  the  zero  (or  o)  on  Wedgwood's  scale  corresponds  with 
1077  and  a  fraction  on  Fahrenheit's.     Hence,  we  have  the  means  of  reducing 
tlte  degrees  at  any  point  of  one  scale,  to  the  corresponding  degrees  on  the 
^er,  through  the  entire  range.      Mr.  Wedgwood's  instrument  includes  an 
extent  of  about  31,200  of  Fahrenheit's,  or  about  50  times  that  between  the 
^^eezmg  and  boiling  points  of  mercury,  by  which  points  the  performances  of 
nt^rcarial  thermometers  arc  necessanly  limited.      Also,  if  we  conceive  Mr. 
Wedgwood's  scale  to  be  extended  downwards  below  his  zero,  as  Fahrenheit's  is 
*iipp09ed  to  extend  upwards  above  the  boiling  point  of  mercury,  the  freezing 
P^t  of  water  will  fall  on  8<'.421«  or  somewhat  above  8^°  below  the  zero  of 
Wedgwood's  scale,  and  that  of  mercury  on  8°.596,  or  a  little  below  8^^ ;  so 
^  the  distance  between  the  freezing  points  of  mercury  and  water  is  an  inter- 
^^  of  .175  of  a  degree  on  Wedgwood  s  scale;  8^  and  a  decimal  from  the  freezing 
point  of  water  to  complete  ignition ;  and  ISC'*  is  the  highest  point  or  degree  ot 
^  to  which  our  ingenious  philosopher  was  able  to  extend  his  observations. 

"  Since  dry  air,"  observes  Dr.  Ure,  "  augments  in  volume  three-eighths  for 

1^  degrees,  and  since  its  progressive  rate  of  expansion  is  probably  uniform  by 

Qoiform  degrees  of  heat,  a  pyrometer  might  easuy  be  constructed  on  this  prin- 

fl^ : — ^form  a  bulb  and  tube  of  platinum,  of  exactly  the  same  form  as  the 

ftmnometer,  and  connect  with  the  extremity  of  the  stem,  at  right  angles,  a 

(fim  tube  of  uniform  calibre,  filled  with  mercury,  and  terminating  below  in  a 

nemred  bulb,  like  that  of  the  Italian  barometer.    Graduate  the  glass  tube  into 
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a  MriM  of  spKM  equivalent  to  thiee-etghthi  of  the  total  Tolume  of 
city  of  the  platinB  bulb,  irith  three  fourthi  of  its  ilem.  The  other  I 
be  nipposed  to  be  little  influeoced  by  tlie  loiiive  of  heat  On  ph 
Indb  and  two^thirdi  of  the  stem  into  a  ftirnace,  the  dcpreuion  of  tk 
will  indicate  the  degree  of  heat.  Ai  the  movement  of  the  ctdumn  « 
'conxiderablc,  it  will  be  icarcely  worth  while  to  introduce  any  coirMti 
change  of  the  initial  volume  by  barometric  Tariation ;  or  the  initnm 
be  made  nitb  the  recurved  bulb  sealed,  B>  in  Profeuor  Leulie'a  difin 
mumetera.  The  glma  tube  may  be  joined  by  fusion  to  the  }dadn«tc 
'muil  be  taken  to  let  no  mercury  enter  the  platinum  bulb.  Should 
mechanical  difficulty  in  making  a  bulb  of  diia  metal,  then  a  hollinr  c 
half  on  inch  diameter,  with  a  platinum  stem,  like  that  of  a  tab 
screwed  into  it,  will  suit  equally  well. 

A  very  convenient  pyrometer  for  ascertaining  the  relative  expanrib 
various  metals  that  can  be  drawn  into  wire,  wna  contrived  by  Hi 
which  he  employed  in  his  chemical  lecturea.  It  is  represented  in  Ik 
cut.  a  represents  a  wire  of  the  metal  to  be  examined,  attached  mt 
end  to  a  peg  fixed  upon  a  piece  of  board;  on  this  board  is  alao  . 
little  pulley-wheeb,  turning  freely  on  their  axes,  and  around  the  par. 
these  wheels  the  wire  if  carried  to  the  npperaiost,  whence  it  u  conda 


tlie  vessel,  niid  over  a  snmll  central  wliccl  b,  of  a  circular  g^vduated 
with  a  weight  c  tied  to  this  end  of  the  wire,  which  keeps  it  in  a  attt* 
Thus  prepared,  the  apparatus  is  immersed  in  a  vessel  Jof  water,  or  i 
heated  to  the  desired  temperature  within  their  capability,  which  i«  i 
by  a  thermometer  placed  therein.  The  expansion  wbioh  tlien  tab 
accurately  denoted  by  the  index  t  pointing  it  out  upon  the  gradiHt 
fcrence,  the  index  turning  round  as  (he  elongation  la\es  place.  Of* 
ing  the  heat,  the  wire  contracts  and  draws  back  the  wheel  and  il 
previous  position.  An  instniment  of  this  kind,  carefully  conttnlctM 
a  smaller  central  wheel  b,  would,  without  doubt,  show  the  expand 
ductile  metals  with  great  exaclneai,  and  very  satisfactorily,  as  the  « 
of  great  length,  be  wound  round  a  large  number  of  pulleys,  >o  «■  I 
obvious  elongation  of  an  inch  or  more. 

Pyaoi'HOaUS.  An  artificial  product,  wliich  takes  fire  upon  e 
the  air,  and  hence  called  air-tinder.  It  is  prepared  from  alum  by  t 
of  varioiu  inflammable  substances.  The  simplest  mode  of  prepari 
mix  three  parts  of  alum  with  one  of  wheat  flour,  and  calcine  them  il 
mattrass.  until  the  blue  flanie  diiappears ;  then  keep  it  in^  tha  mux 


QUARRY.  369 

cold,  well  ttopDed  with  a  good  cork.  In  this  powder  be  exposed  to  the  atmo- 
sphere, the  smphiiret  attracts  moisture  from  the  air,  and  generates  sufficient 
heat  to. kindle  tne  carbonaceous  matter  mingled  with  it 

PYROTECHNY    is,   properly  speaking,   the   science   which  teaches    the 
management  and  application  of  nre  in  various  operations ;  but  in  a  more  limited 
sense,  and  as  it  is  more  commonly  used,  it  refers  chiefly  to  the  composition, 
structure,  and  use  of  artificial  fireworks.      The  ingredients  are,  1.  saltpetre, 
purified  for  the  purpose ;  2.  sulphur  ;  and  3.  charcoal.     Gunpowder  is  likewiR« 
used  in  the  composition  of  fire  works,  being  first  ground,  or,  as  it  is  technically 
termed,  mealed.     Camphor  and  gum  benzoin  are  employed  as  ingredients  in 
odoriferous  fireworks.     The  proportions  of  the  material  differ  very  much  in 
different  fireworks,  and  the  utmost  care  and  precaution  are  necessary  in  the 
worldng  them  to  a  state  fit  for  use,  and  then  in  the  mixing.     In  this  work  we 
cannot  enter  on  the  subject  with  a  sufficient  degree  of  minuteness  to  teach  the 
method  of  manufacturing  fireworks,  and  shall  therefore  content  ourselves  with  a 
brief  notice  of  the  proportions  of  the  materials  in  some  of  the  more  common 
and  more  interesting  articles  in  use.     The  charges  for  sky-rockets  are  made  of 
taltpetre,  four  pounds ;  brimstone,  one  pound ;  and  charcoal,  one  pound  and  a 
W;  or  by  another  direction — saltpetre,  four  pounds ;  brimstone,  one  pound  and 
a  half;  charcoal,  twelve  ounces ;  and  mealed  powder,  two  ounces.     These  pro- 
portions vary  according  to  the  size  of  the  rocket ;  in  rockets  of  four  ounces, 
mealed  powder,  saltpetre,  and  charcoal,  are  used  in  the  proportions  of  10,  2, 
and  1 ;  but  in  very  targe  rockets,  the  proportions  are  saltpetre,  4 ;  mealed  pow- 
der and  sulphur,  1  each.     When  stars  ara  wanted,  camphor,  alcohol,  antimony, 
and  other  ingredients  are  required,  according  as  the  stars  are  to  be  blue,  white, 
&c.  In  some  cases  gold  and  silver  rain  is  required ;  then  brass-dust,  steel-dust, 
saw-dust,  &c.  enter  mto  the  composition ;  hence  the  varieties  may  be  also  inde- 
finite.   With  respect  to  colour,  sulphur  gives  a  blue,  camphor  a  white  or  pale 
coloQr;  saltpetre,  a  clear  white  yellow ;  sal-ammoniac,  a  green ;  antimony,  a 
icddiih;  resm,  a  copper  colour. 


Q. 


QUADRANGLE.     A  figure  containing  four  angles  and  four  sides. 

QUADRANT,  in  Geometry',  the  quarter  or  foui*th  part  of  a  circle,  and 
tlierefore  containing  an  angle  of  90  degrees. 

QUADRANT  Sso  denotes  a  mathematical  and  optical  instrument,  of 
gnat  use  in  navigation  and  astronomy,  for  taking  the  altitude  of  tlie  sun  and 
rtan. 

QUADRAT,  in  Printing,  is  a  piece  of  metal  cast  like  the  type,  to  fill  up 
tht  qMces  between  words ;  they  are  made  of  different  sizes,  called  by  the  space 
^  occupy,  as  m  quadrats,  n  quadrats,  &c. 

QUARtvif.     A  cavity  or  opening  made  by  miners  in  rocky  ground,  fi'om 

vhieh  are  procured  marble,  freestone,  slate,  limestone,  or  other  materials ;  one 

^  which,  in  the  Ldand  of  Jersey,  is  represented  in  the  subjoined  cut ;  from 

vktnce  is  obtained  large  quantities  of  stone  for  tlie  London  pavements.     It  is 

*f  mential  importance  that  such  works  should  be  situated  close  to  the  sea,  or  a 

|ivffi  or  eanal,  for  the  convenient  and  cheap  transport  of  the  heavy  product,  as 

^kiht  cost  of  carriage  which  constitutes  its  chief  cost     The  mope  of  sepa- 

Xtiitt  the  stone  from  the  rock  differs  according  to  its  natural  formation ;  but  in 

ptoitie  and  other  hard  rocks  of  continued  solidity,  the  process,  though  appa- 

icody  difficult,  is  extremely  simple,  as  it  consists  chiefly  in  boring  holes  with 

iirious  instruments,  (which  have  been  described,  as  well  as  tlie  process,  under 

dbe  word  Blasting  ;)  then  ramming  into  the  hole  a  charge  of  gunpowder, 

kpDg  a  train  to  it,  firing  the  train,  and  retreating  to  a  distance  or  under  an 

Mvrhanging  cliff  to  avoid  the  stones  which  are  tlirown  up  by  the  explosion. 

«nr      II  3    A 
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The  liolei  are  made  Tram  one  to  three  feet  in  depth,  and  general);  abou 
inci]  diameli-r  j  but  the«e,  as  well  as  the  poaition  Mid  directiou  of  tbe  petfonr 
and  also  the  charge  of  the  powder,  are  (ubject  to  the  (kill  and  ditcretiaa  ol 
miner.  The  rules  by  which  he  it  guided  are,  to  direct  the  effort  of  the  m 
■ion  to  a  part  of  the  rock  which  u  moit  eaaily  displaced,  and  to  proporticai 
charge  to  the  effect  required,  lo  ai  to  tbake  and  loosen  a  larger  portkn  n 


(linn  to  blow  out  a  lets  quantity.  Tlie  danger  of  beating  the  tampiue  btrt 
iron  tools  in  haid  rock,  and  the  many  dreadful  accidents  that  frequenU^  bq 
ill  this  operation,  have  led  to  the  ititroductian  of  contriviuicea  to  diminidi 
risk  ;  but  though  soniG  of  these  bave  heeo  well  adapted  fot  the  purpose,  yet 
(hey  occasion  a  litllt^  more  trouble,  they  bave  not  been  generally  adopted 
the  miner,  lite  eimplcst  and  best  precaution  against  danger,  is  to  hare  ibti 
of  copper,  in»'leail  of  iron  i  but  as  tbe  former  is  not  so  easily  made  or  repti 
by  the  Buiitlis  uii  a  mine  as  the  lutlcr,  tbey  are  not  so  welt  liked  by  the  wein 
Another  mode  of  preventing  danger  In  tamping,  is  by  employing  subrtn 
to  confine  the  gunpowder  which  require  little  or  no  force  in  beating  thnai 
the  hole ;  and  as  dry  sand  will  onen  sen'e  the  purpose  if  the  rock  is  nal  r 
hard,  it  may  be  sometimes  used;  hut  there  are  many  cases  in  mines  wbm 
will  not  succeed,  and  therefure  it  is  seldom  attempted.  A  better  tubstaiM 
confine  gunpowder  in  holes,  is  good  tough  day,  and  this  will  aDstrer  in  M 
cases  where  sand  will  fail,  particularly  in  wet  ground,  or  in  holes  that  u* 
clined  upwards ;  it  will  produce  tbe  proper  effect  in  all  but  very  linnl  lock^  s 
if  the  men  could  be  Induced  to  use  it,  would  undoubtedly  tend  tu  the  saiiaf 
many  lives. 
An  instrun: 

Eatentedin  1831  by  ^ 
rietty  described  as  consisting  of  a  minute  cylinder  of  gunpowder,  nr  (I 
suitable  explosive  mixture,  enclosed  within  a  hempen  cord,  which  is  fint  t«i 
in  a  peculiar  kind  of  machine,  then  countered  or  overlaid  to  strengthen  it,  d 
wards  varnished  with  a  mixture  of  tat  and  reain,  to  preserve  the  comfaod 
matter  from  the  effecii  of  moisture,  and  finally  coated  with  whitening,  or  ■ 
light  pulverulent  matter,  lopicvent  the  vamish  &om  sticking  to  tha  finm 
the  fuses  to  one  another.  These  ftises  appear,  from  the  specification,  to  M 
judUiouiIy  and  accurately  prepared,  and  will,  we  doubt  not,  be  finind  at  | 
utility  ill  mining  operationn. 

For  facilitating  the  oprralinn  of  boring  rocks,  a  patent  haa  lately  be«>  t 
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011%  in  the  United  States  of  America,  which  is  thus  described  in  the  Journal  of 
if*^  Franklin  Institute.     **  A  iVame  is  made,  in  the  centre  of  which  an  iron  shaft 
or  rod  is  caused  to  rise  and  fall  vertically  between  friction  rollers,  so  placed  as 
to  keep  it  in  its  position.     In  the  lower  end  of  this  shaft,  a  socket  is  formed,  to 
reecive  drills  or  different  sizes.     Provision  is  made  for  placing  the  machine 
vertically,  by  sliding  pieces  upon  each  of  its  four  legs,  which  serve  to  lengthen 
them  as  may  be  necessary.     The  apparatus  for  workuig  the  shaft  up  and  down, 
is  Tormed  as  follows:  a  circular  plate  of  iron,  about  a  foot  in  diameter,  has  a 
bole  in  its  centre,  provided  with  a  socket  adapted  to  the  iron  rod  or  shafl,  and 
capable  of  being  secured  at  any  part  of  it,  so  that  the  plate  will  stand  horizon- 
tally.    At  a  little  distance  from  the  periphery  of  this  plate,  an  iron  spindle 
crosses  the  frame ;  upon  this  spindle  are  lifters,  which,  as  it  is  turned  by  a 
crank,  come  in  contact  with  the  lower  side  of  the  plate,  and  raise  the  shaft ; 
fridion  rollers  are  contained  within  the  lifters,  to  cause  them  to  slide  easily  upon 
thf  plate,  and  their  action  is  so  managed  as  to  produce  a  small  revolution  of  the 
plate^  and  consequently  of  the  drill,  at  every  lift" 

Hw  term  quarry  is  likewise  jgiven  to  a  variety  of  neatly  formed  bricks,  tiles, 
•od  itoBw^  with  very  level  surmces,  and  of  diversified  colours ;  which  are  em- 

Sid  in  many  parts  of  England,  as  well  as  other  countries,  for  making  plain 
anamental  flooring.  The  perforated  tiles  employed  in  malt-kilns,  some 
tinjl  of  drying  stoves,  and  for  various  other  uses,  receive  this  denomination. 
Aa  inmement  in  the  construction  of  quarries,  applicable  to  kilns  for  drying 
nak^irbeAty  and  other  grain,  was  lately  patented  by  Mr.  Henry  Pratt,  (a  eentle- 
Ott  tf  mat  skiU  and  knowledge  in  sucn  subjects,)  of  Bilston,  in  Stafibrdshire ; 
tb  MeHuirities  of  which  may  be  thus  briefly  explained.  Instead  of  the  usual 
cobmI  OMiingB,  terminating  in  small  circular  apertures  in  the  flooring  of  grain 
Uo%  mx.  Frati  forms  his  quarries  for  such  purposes  of  cast-iron,  in  pre- 
^raee  to  baked  day,  having  oblong  sluts  or  openings  at  the  tops  of  rectan- 
golir  tapering  holes,  which  are  designed  for  the  escape  of  the  heated  air.  He 
caiti  his  quarries  with  strengthening  bars  projecting  from  their  lower  sides,  and 
tliese  bars  form  the  sides  of  the  tapering  channels,  as  well  as  give  suflicient 
B^Qgth  with  a  less  quantity  of  material  than  is  required  when  the  quarries 
ue  nmde  of  an  uniform  thickness. 

QUART  ATI  ON.  An  operation  by  which  the  quantity  of  one  thing  is 
made  equal  to  the  fourth  part  of  the  quantity  of  another  thing.  Thus,  when  gold 
>%ed  with  silver  is  to  be  parted,  we  are  obliged  to  facilitate  the  action  of  the 
•quafortis  by  reducing  the  quantity  of  the  former  of  these  metals  to  one-fourth 
pvtofthe  whole  mass;  which  is  done  by  sufiiciently  increasing  the  quantity 
of  the  silver,  if  it  be  necessary.  This  operation  is  called  quartation,  and  is  pre- 
ptfitory  to  the  parting ;  and  even  many  authors  extend  this  name  to  the  opera- 
tion of  parting. 

QUARTZ.  A  mineral  of  the  flint  genus,  which  is  divided  into  five  sub- 
tp^es  by  Profe&sor  Jameson ;  namely,  the  amethyst,  the  rock-crystal,  milk 
qovtz,  common  quartz,  and  prase. 

QUICKLIM£.  A  hot  caustic  substance,  employed  in  the  composition  of 
BM^rtar  for  buildings ;  by  farmers,  as  a  manure ;  by  bleachers,  tanners,  sugar- 
^Iwi,  soap-boilers,  and  iron-masters,  in  the  preparation  of  various  manufac- 
tures; and  also  in  medicine.  Quicklime  is  obtained  from  chalk,  marble,  lime- 
"tone,  oyster-shells,  &c.  by  expelling  from  them,  by  means  of  heat,  the  carbonic 
*^  and  water  with  which  tney  are  combined.  The  quantity  of  quicklime 
^^tuned  from  a  ton  of  limestone,  if  weighed  when  hot  from  the  kiln,  is  on  an 
avenge,  according  to  the  experiments  of  Bishop  Watson,  11  cwt.  1  qr.  4  lb.  By 
Qponire  to  the  air  also,  a  ton  of  quicklime  acquires  daily  the  additional  weight 
^  about  one  twentieth  part  of  itself,  for  the  first  five  or  six  days  after  it  is 
^wn;  and  therefore,  the  earlier  it  is  used  the  better.  Quicklime,  to  be  reserved 
6r  chemical  or  medicinal  uses,  should  be  kept  in  bottles  well  stopped. 

QUICK-MATCH.     A  combustible  preparation,  formed  of  cotton  strands, 

drawn  into  length,  and  dipped  into  a  boiling  composition  of  vinegar,  saltpetre, 

isd  mealed  powder.     After  this  immersion,  it  is  taken  out  hot,  and  laid  in  a 

IHDiigli,  where  some  mealed  powder,  moistened  with  spirits  of  wine,  is  thoroughly 
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incorporated  into  the  twists  of  the  cotton,  by  rolling  it  about  therein.   They 
afterwards  taken  out  separately,   drawn  through  mealed  powder,  and  m 
upon  a  line  to  dry.     They  are  then  fit  for  service. 

QUICKSILVER.     See  Mercury. 

QUILLS.  The  largest  feathers  taken  from  the  wings  of  geese,  a  wans,  en 
and  other  birds.  The  different  qualities  are  denominated  according  to  the  or 
in  which  they  are  fixed  in  the  wing ;  the  second  and  third  quills  being  the  I 
for  writing,  as  they  have  the  largest  and  roundest  barrels.  Crow-quillt 
chiefly  used  for  drawing.  The  goose-ouills  are  those  in  general  use  for  wrifi 
These  are  cleansed  and  hardened  by  placing  them  one  by  one  in  a  clear  fire, 
as  to  soften  them  merely,  and  then  drawn  under  an  iron  edge,  which  nea 
flattens  them  for  the  instant,  but  they  immediately  after  return  to  their  cyl 
drical  figure. 

QUININE.  A  vegetable  alkali  obtained  from  cinchona  (bark.)  It  i)  p 
cured  by  the  following  process:  a  pound  of  bruised  bark  is  boiled  in  abonl 
gallon  of  water,  con  taming  three  fluid  drachms  of  sulphuric  acid.  A  simi 
decoction  is  repeated  with  about  half  the  quantity  of  liquid,  and  so  on  till 
the  soluble  matter  is  extracted.  The  decoctions  are  then  mixed  together  a 
strained,  when  powdered  slaked  lime  is  a  Ided  in  a  proportion  someiiniat  grea 
than  necessary  to  saturate  the  acid ;  the  precipitate  tnat  ensues,  a  rniztm* 
quinine  and  sulphate  of  lime,  is  collected,  dried,  and  boiled  for  some  minutas 
strong  alcohol,  which  is  then  decanted  while  still  hot,  and  fresh  portions  moei 
sively  added  for  the  repetition  of  the  same  operation,  until  it  ceases  to  ad  i 
the  residuum,  which  is  then  merely  sulphate  of  lime.  The  different  alcoM 
solutions  are  then  put  into  a  vessel,  and  considerabljr  evaporated;  during  vUd 
and  especially  on  cooling,  transparent  plates  of  quinine  are  deposited.  It  i 
very  insoluble  in  water,  and  its  taste  is  very  bitter.  It  unites  with  the  loA 
forming  crystallizable  salts.  The  sulphate  is  of  a  dull  white  colour,  silky » 
flexible :  it  is,  like  the  alkali,  soluble  m  alcohol ;  and  bums  away  without  leari^ 
any  residuum.     M.  Pclietier  and  Caventon  state  its  component  parts  to  be 

Quinine 100 

Sulphuric  acid 10.9147 

The  acetate  is  remarkable  for  the  manner  in  which  it  crystallizes.  It 
crystals  are  flat  needles  of  a  pearly  lustre  grouped  in  silky  bundles,  or h 
stars. 


R. 


RACE.  The  canal  along  which  the  water  is  conveyed  to  and  from  a  «** 
wheel. 

RACK.  A  straight  bar,  which  has  teeth  or  cogs  similar  to  those  os  < 
toothed  wheel. 

RADICAL.  That  which  is  considered  as  constituting  the  distingui^ 
part  of  an  acid,  by  its  union  with  the  acidifying  principle,  or  oxygen,  wWA' 
common  to  all  acids.     Thus  sulphur  is  the  radical  of  sulphuric  acid. 

RADIUS.  In  Geometry,  the  semi-diameter  of  a  circle,  or  a  ri^ht  line  Aj 
froin  the  centre  to  the  circumference.  It  is  implied  in  the  definition  of  aqw< 
and  it  is  apparent,  from  its  construction,  that  all  the  radii  of  the  same  csd 
are  equal.  The  radius  is  sometimes  called,  in  Trigonometry,  the  sinus  Iflt* 
or  whole  sine. 

RAFT.  A  float  funned  of  an  assemblage  of  pieces  of  timber  fastened  tqgH"* 
for  the  convenience  of  transporting  them  witnout  dispersion ;  or  for  """^^JJ 
goods  in  transport ;  and  sometimes  for  the  saving  of  the  lives  of  persuinsshipwrecn* 
A  few  years  ago,  Mr.  Harrington  took  out  a  patent  for  a  raft  for  transpolW 
timber;  the  constniction  of  which  is  described  in  the  specification  to  ke' 
follows : — ^The  keel,  stem-post,  and  lowest  timbers  of  the  ribs,  are  to  be  (axtt 
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and  put  together  according  to  the  usual  way  of  constructing  an  ordinary  ship. 
To  form  the  bottom,  balk  timbers  are  to  be  laid  together,  side  by  side,  length- 
ways of  the  vessel;  and  athwart  these,  others  are  to  be  closely  laid,  cutting  Uieir 
ends  to  suit  the  figure,  then  bracing  the  upper  and  lower  timbers  together.  In 
tjiis  maimer  the  lower  parts  of  the  vessel  are  to  be  fonned,  by  packing  the 
timbers  crosswise  closely,  and  connecting  them  by  bolts  and  screws,  leaving 
proper  spaces  open  for  slipping  in  the  masts.  In  the  upper  part  of  this  raft, 
suitable  berths  and  cabins  are  to  be  provided  for  the  navigators  ;  the  outside  is 
to  be  planked  all  over,  and  caulked,  pitched,  and  tarred  in  the  usual  manner ; 
the  masts  and  rigging  are  also  to  be  of  the  ordinary  kind.  Tliis  account  is 
undoubtedly  descriptive  of  a  method  of  constructing  a  good  mercantile  raft, 
but  the  novelty  of  the  principle  of  its  construction  we  do  not  discover. 

Much  ingenuity  has  been  exercised  in  the  construction  of  life-rafts  in  cases 
of  shipwreck,  amongst  which  we  may  notice  that  of  Mr.  Canning,  constructed 
of  water  barrels  and  spars,  so  arranged  that  the  parties  on  board  are  suspended 
OQ  a  platform  high  above  the  water  to  a  horizontal  yard-arm,  preserved  and 
I  mpported  in  that  position  by  cross  spars,  to  which  are  attached  the  floating 
barrels. 

Rafters,  in  Building,  are  pieces  of  timber,  which,  standing  in  pairs 
OQ  the  raOing  piece,  meet  in  an  angle  at  the  top,  and  form,  as  it  were,  the  ribs 
of  the  roof. 

RAGSTONE.  A  species  of  blue  stone  with  a  sharp  grit,  employed  for 
warpening  knives  and  coarse  instruments  upon.  It  is  abundant  in  Kent,  at 
Newcastle,  in  Northumberland,  and  at  Rowley,  in  Staffordshire. 

RAILWAY  or  Railroad,  and   Tramroad ;   are  narrow  tracks  of  rails,  or 

plates  of  iron,  wood,  or  other  tenacious  material,  made  with  very  smooth  or 

l^d  surfaces,  and  laid  down  with  great  solidity  and  truth,  to  the  required 

pUnes;  so  that  the  wheels  of  carriages  may  meet  with  the  least  resistance 

^t  is  practicable  in  rolling  over  them,  and  thus  reduce,  as  much  as  pos- 

jiWe,  the  power  required  to   move  a  given  load ;    or  to  move  the  greatest 

load  by  a  given  power ;  or  to  move  a  given  load  at  the  highest  velocity.     Hail 

^d  tramroads,  tiowever,  form  only  one  part  of  the  machinery  of  transport ; 

ve  carriages  which  roll  over  them  are  expressly  designed  and  fitted  fur  that 

peculiar  office,  and  are  also  an  essential  part  of  the  same  mechanism.     It  is, 

^erefore,  not  our  intention  to  separate  them  (as  is  usually  done,)  into  distinct 

^bjects,  but  to  treat  of  them  in  their  combined  and  only  useful  state.      For 

^e  same  reasons  we  shall  include,  under  this  article,  descriptive  accounts  of  the 

^^ous  locomotive  carriages  for  the  common  road;   because  these  machines 

'Squire  only  a  slight  alteration  in  the  tire  of  their  wheels,  to  adapt  them  to 

'juiways :  and  those  of  our  readers  who,  for  want  of  sufficient  consideration  of 

^«  subject,  may  have  formed  an  unfavourable  opinion  of  their  capabilites, 

f^ing  to  their  sluggish    pace  in  passing  over  loose  or  hilly  ground,  would 

*^  amazed  at  the  velocity  of  motion  and  power  of  draught  they  would  achieve,  if 

^sferred  to  a  railway.     It  has  been  ascertained,  that  the  resistance  to  the 

Motion  of  a  carriage  upon  a  good  railway,  is  not  more  than  a  tenth  part  of  that 

^D  a  well-made  common  road ;  consequently,  a  carriage  that  is  capable  of 

'^'^ly  dragging  itself  along  the  latter,  would  draw  many  times  its  own  weight 

^  a  much  greater  velocity  on  the  former. 

The  ardour  and  spirit  with  which  the  people,  not  only  of  our  own  favoured 

•"Hintry,  but  those  of  Europe,  and  the  more  enlightened  portion  of  those  of 

^*ia,  Africa,  and  America,  have  set  about  improving  their  internal  communica- 

J*iM,  bv  the  adoption  of  iron  railroads,  render  every  circumstance  relating  to 

2^m,  that  has  in  the  slightest  degree  contributed  to  their  present  excellence,  an 

^Jjectof  deep  interest;  not  only  to  the  philosopher  and  the  mechanic,  but  to 

^  thinking  part  of  the  public  generally.     The  two  fonner  are  quite  sensible 

^*tt,  notwitlistanding  all  tnat  has  been  effiscted,  much  more  is  left  that  will  be 

Accomplished;  and  that  only  a  little  more  practical  experience  is  requisite,  to 

!^«ble  us  to  double  our  present  locomotive  power.     V  iewing  the  subject  in  this 

%)it,  it  it  our  intention  to  give  an  historical  account  of  all  the  numerous  inven^ 

^Ui  that  have  any  bearing  upon  the  subject,  and  especially  such  as  have  beeu« 
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or  are  now,  protected  b}' patent-risht ;  in  order,  Firsts  that  engineer!  an 
ton  may  be  informed  of  the  precise  nature  and  extent  of  those  impno 
for  which  exclusive  privileges  have  been  fairly  acquired  by  patentees; 
that  the  inventions  of  the  latter  may  be  fostered  and  encouraged  by  pub 
tion,  as  far  as  they  may  be  meritorious  and  beneficial ;  Tliirdi  that  sue 
sitions  as  are  erroneous  in  principle,  or  inefficient  in  operation,  may  be  c 
and  improved  upon  ;  Fourth,  that  **  honour  may  be  given  to  1 
whom  honour  is  due ;"  for  in  this  line  of  invention  there  has  been  an 
degree  of  deceitful  quackery,  and  consequently  of  gross  injustice  to 
inventors;  to  right  whom,  in  th«  public  estimation,  no  other  ad¥< 
necessary,  than  a  simple  chronological  statement  of  public  documc 
authencity  of  which  is  unquestionable,  and  which  we  propose  to  giv 
following  pages. 

The  earliest  account  we  have  of  the  introduction  of  railways,  is  in  the 
the  Lord  Keeper  North,"  from  which  it  appears  that  about  the  year  1670,  t 
made  use  of  at  Newcastle-upon-Tyne,  for  transporting  coals  from  the  mil 
shipping  in  the  river  Tyne.  At  that  time,  coal  came  generally  into  use  i 
stitute  for  wood  fuel  in  London,  and  other  places  to  which  there  were  eu 
of  transport  by  sea.  But  the  greatest  difficulties  were  experienced  at  the 
conveying  the  coals  from  them  to  the  ships  in  the  Tyne.  Previous  to  I 
tion  of  these  railways,  it  was  no  uncommon  thing  for  the  occupiers  of  tb 
to  employ  five  or  six  hundred  horses  and  carts  each,  in  the  same  tn 
therefore  became  an  object  of  vast  importance  to  adopt  some  plan  of  i 
the  very  great  expense  incurred  in  the  keeping  of  so  many  horses  and 
wear  and  tear  of  carts,  and  tlie  making  and  repairing  of  roads.  Afto 
the  subject  much  consideration,  wooden  rails,  consisting  of  straight  p 
timber,  were  laid  down  and  embedded  in  the  road.  These  were  found  si 
tageous  at  Newcastle,  that  they  were  speedily  copied  at  other  mininff  < 
and  remained  in  use  for  a  considerable  period  of  time.  The  mode 
structing  these  rude  railways  has  been  thus  described.      "  Plots  or 

ground,  of  the  breadth  required  for  the  railway,  were  marked  out,  ei 
om  the  pits  to  the  river,  and  either  leased  or  purchased  by  the  owner 
coal  works.  In  some  cases  it  was  found  necessary  to  make  a  coni 
variation  from  the  direct  line,  in  order  to  obviate  the  inequalities  of  the 
and  to  obtain  the  most  regular  and  easy  descent.  And  in  other  case 
these  inequalities  were  inconsiderable,  the  roads  were  carried  straight  \ 
and  a  regular  slope  obtained  by  embankments  and  cutting.  After  the 
had  been  levelled  and  smoothed,  as  in  the  formation  of  an  ordinal 
sleepers,  com]K>sed  of  large  logs  of  wood,  and  cut  into  lengths  corres 
with  the  breadth  of  the  road,  were  laid  across  it,  at  short  distances,  an 
bedded  into  it,  for  the  purpose  of  supporting  and  keeping  fast  the  rails  c 
the  waggon-wheels  were  to  x\\n.  The  raib  were  connected  end  to  end, 
two  continued  lines,  running  in  a  parallel  direction  on  each  side  of  t] 
and  crossing  the  large  logs  at  each  of  their  extremities  which  formed  ll 
dation  for  them  to  rest  upon,  and  to  which  they  were  nailed,  or  otherwise 
to  keep  them  in  their  places.  These  rails  were  of  course  very  imperf 
were  rapidly  worn  away,  or  broken,by  the  continued  friction  of  the  whei 
them.  In  order  to  repair  or  reconnect  them  when  their  continuity  or  < 
was  destroyed,  slips  or  pieces  of  timber  of  a  smaller  scantling  were  laid ' 
dilapidated  portions ;  and  the  strength  which  the  latter  thus  derived,  le 
introduction  of  double-rails  throughout  the  line ;  and  this  improvement' 
tinguished  by  the  term  of  a  *'  doubTe-way,"  in  contradistinction  of  the  focB 
afterwards  denominated  the  **  single-way.*'  The  advantages  of  the  doe 
chieflv  consisted  in  the  circumstance  that  the  upper,  or  covering  rail,  n 
completely  worn  out  and  renewed,  without  destroying  or  materially  di 
the  substructure.  The  annexed  description  of  these  double-ways  is  < 
from  Mr.  Wood's  valuable  work  on  railways.  The  subjoined  figure  ci 
side  elevation,  a  a  are  the  rails  fastened  down  upon  the  cross  sleeper 
snnilar  to  those  of  tlie  single-way  (which  it  represents)  ;  &  a  the  upper  i 
upon  the  other,  and  firmly  secured  to  them  by  wooden  pins,  in  the 
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■•  *^e  other  are  fastened  to  the  sleepers.  In  the  single  way,  the  joinings  of 
5^e  rails  are  necessarily  upon  a  sleeper,  as  shown  at  cc;  but  in  the  double-way 
'^  ,1"  "?*  ■*'»  ^^''>  ^c*"g  fastened  down  upon  the  surface  of  the  under  rail, 
which  in  every  part  presents  a  proper  bearing,  they  can  be  secured  any  where 
"poB  \X\dd  show  the  joinings  of  the  upper  rail,  which  are  midway  between  the 


ct 


c 


^# 


a 


aieepers,  but  which  can  be  raised  at  pleasure.    This  prevents  the  under  rail  from 
lieing  destroyed  by  the  frequent  perforation  of  the  pin-holes  in  receiving  the 
upper  or  wearing  rail,  and  saves  the  waste  of  timber  occasioned  by  use  of  the 
angle-way. 

The  sleepers  in  this  description  of  road  were  generally  formed  of  young  sap- 
lings, or  strong  branches  of  the  oak,  obtained  by  thinning  the  plantations,  and 
were  six  feet  long  by  five  or  six  inches  in  thickness,  and  about  the  same  breadth. 
At  their  first  introduction,  the  under  rail  was  of  oak,  and  afterwards  of  fir, 
mostly  six  feet  long,  reaching  across  three  sleepers,  each  two  feet  apart,  and 
>bout  five  inches  broad  on  the  surface,  by  four  or  five  inches  in  depth.  The 
upper  rail  was  of  the  same  dimensions,  and  almost  always  made  of  beech  or  plane 
free.  The  surface  of  the  ground  being  formed  pretty  even,  for  about  six  feet 
is  width  from  the  pits  to  the  staiths,  or  the  whole  length  of  the  intended  rall- 
rasd,  or  "  waggon-way,"  as  it  was  termed,  the  sleepers  were  then  laid  down 
^ofeet  apart,  and  the  under  rail  properly  secured  to  them.  The  ashes  or  material 
forming  the  surface  of  the  ground,  were  then  beat  firmly  against  the  surface  of 
^  rsil,  which  was  thus  strengthened  and  made  more  rigid.  The  upper  rail 
*tt  then  placed  upon  the  other,  and  firmly  bound  down  by  the  pins  or  pegs 

This  combination  had  many  very  obvious  advantages  over  the  single-rail ;  for, 
independent  of  the  waste  of  timber  before  alluded  to,  the  destruction  of  the  sleepers 
ifi  the  single-rail  by  the  feet  of  the  dfaught-horses  was  considerable.  The 
^hlenrail,  by  increasing  the  height  of  the  surface  whereon  the  carriages  travelled, 
^wed  the  inside  of  the  road  to  be  filled  up  with  ashes  or  stone  to  the  under  side 
of  the  upper  rail,  and  consequently  above  the  level  of  the  sleepers,  which  thus 
*KQred  them  from  the  action  of  the  feet  of  the  horses.  This  description  of 
vulnNid  appears  to  have  continued  in  use  for  a  considerable  period  of  time, 
^ipeeiilly  amongst  the  collieries  of  Durham  and  Northumberland. 

The  wagffons  made  use  of  were  pretty  nearly  on  the  present  construction,  but 

iiffieientlylarge  to  contain  several  tons  of  coal ;  the  wheels,  called  rollers  by 

■^  sutbors,  were  exceedingly  low,  the  smoothness  of  the  road  rendering 

^h  wheels  unnecessary.     An  ordinary  horse,  on  these  roads,  drew  three  tons 

^'eoils  without  difficulty  to  the  driver.    Where  any  declivity  more  than  usually 

i^oecurred,  it  was  termed  a  run ;  and  whilst  on  it,  the  progress  of  the  waggons 

*ii  retarded  and  regulated  by  a  species  of  crooked  lever  or  brake,  managed  by 

^  driver,  and  attached  to  the  waggon.     It  is  stated  by  some  authors,  that 

*JMtt  wooden  rails  were  subsequently  improved  upon  by  making  ledges  at  their 

^^^  to  prevent  the  waggons  from  going  out  of  their  tracks ;  a  U)rm  which 

VM  sofaseqaently  given  to  them  in  cast-iron,  and  termed  tram-plates^  hereafter 

^Kribed.    To  avoid  descending  the  steep  declivities  from  the  high  banks  at 

iVfweastle  to  the  river,  staiths  or  high  platforms  are  erected,  projecting  over  the 

nVer,  and  so  as  to  be  nearly  level  with  the  banks ;  whence  the  coal  waggons 

tn  run  by  a  very  slightly  inclined  plane  on  to  these  staiths,  and  there  dis- 

ciifliged  through  shoots  or  spouts,  either  directly  into  the  holds  of  ships  moored 
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underneath,  or  into  capacious  intermediate  reservoirs  conveniently  planned 
the  subsequent  loading  of  ships. 

hi  most  cases  the  wooden  railroads,  from  the  mine  to  the  place  of  shipme 
were  made  so  as  to  follow  very  nearly  the  undulations  of  the  coundT'  a 
vvhich  they  passed ;  excepting  only  here  and  there  at  very  steep  ascents ;  i 
for  a  long  period  of  time  no  attempts  were  made  to  counteract  the  rapid  deao 
of  the  carriages  down  the  declivities,  except  by  means  of  brakes,  which,  depei 
itig  wholly  upon  the  strength  and  dexterity  of  the  waggoners,  often  failed,  i 
were  productive  of  many  sad  accidents.  Sometimes,  owing  to  the  state  oJT  i 
weather,  the  rails  became  so  slippery,  as  to  render  a  suspension  of  the  wi 
unavoidable.  Frequently,  where  very  steep  descents  occurred,  and  a  tram 
waggons  were  left  on  the  declivity,  owing  to  an  obstruction  caused  by  l 
weather,  the  falling  of  a  shower  of  rain  would  release  all  the  waggons  togedi 
and  they  would  descend  by  their  own  gravity.  Under  such  circumstances,  n 
were  employed  to  draw  ropes  across  the  line  of  road  to  arrest  their  progra 
and  if  this  were  effected  before  the  momentum  became  considerable,  any  n 
great  damage  was  thus  prevented;  but  if  the  momentum  were  sufficient 
break  the  ropes,  serious  disaster  resulted.  When  cast-iron  wheels  were  fi 
introduced,  they  were  only  used  for  the  fore-axle,  the  wooden  wheels  beii 
retained  on  the  hind-axle,  from  the  idea  that  the  brake  could  only  be  applii 
effectively  to  the  wooden  wheels.  At  length  it  was  contrived,  by  an  exteniio 
of  the  lever,  to  apply  a  brake  to  the  metallic ;  and  then  all  the  four  wheels  wer 
made  of  iron. .  The  next  improvement  was  the  adoption  of  iron  for  wood 
which  alone  enabled  the  horse  to  take  double  his  previous  load.  Tbt 
change  was  not  first  introduced  at  Newcastle,  as  is  generally  supposed,  but  ft 
the  iron-works  of  Colebrook-dale,  in  Shropshire,  about  the  year  1767.  Oiii 
authority  for  this  statement  is  derived  from  the  reports  of  a  Committee  of  tb( 
House  of  Commons,  on  the  subject  of  roads  and  carriages.  It  occurs  inci- 
dentally in  a  letter  to  the  Committee,  from  the  ingenious  Homblower,  tbi 
rival  and  contemporary  of  the  celebrated  Mr.  Watt;  who  observes:  "  Railwip 
have  been  in  use  in  this  kingdom  time  out  of  mind,  and  they  were  iiiaiuj 
formed  of  scantlings  of  good  sound  oak,  laid  on  sills  or  sleepers  of  the  sami 
timber,  and  pinned  together  with  the  same  stuff.  But  the  proprietor!  (rf 
Colebrook-dale  Iron  Works,  a  very  respectable  and  opulent  company  eventml^ 
determined  to  cover  these  oak  rails  with  cast-iron,  not  altogether  ai  a  men 
sary  expedient  of  improvement^  hut  in  part,  as  a  well-digested  measure  of  ectmtm 
in  support  of  their  trade.  From  some  adventitious  circumstances,  (which  1  nt0 
not  take  time  to  relate,)  the  price  of  pigs  became  very  low,  and  their  works beim 
of  great  extent,  in  order  to  keep  the  furnaces  on,  they  thought  it  would  be  di 
best  means  of  stocking  their  pigs,  to  lay  them  on  the  wooden  railways,  ai  i 
would  help  to  pay  the  interest  by  reducing  the  repairs  of  the  rails ;  and  if  in 
should  take  any  sudden  rise,  there  was  nothing  to  do  but  to  take  them  up^  IB 
send  them  away  as  pigs. 

''But  these  scantlings  of  iron  (as  I  may  call  them)  were  not  such  as  those  vlki 
are  now  laid  in  some  places ;  they  were  about  five  feet  long,  four  inches  \ftd 
and  one  inch  and  a  quarter  thick,  with  three  holes,  by  which  they  were  hMtt 
to  the  rails,  and  very  complete  it  was  both  in  design  and  execution.  Heneel 
was  not  difficult,  if  two  persons  on  horseback  should  meet  on  this  road,  for  tSAt 
to  turn  his  horse  out  of  the  road,  which,  on  the  railways  now  introduced,  mA 
be  attended  with  some  serious  doubt  as  to  the  consequences.  But  it  wonUk 
impossible  on  the  best  railways  to  afford  that  facility  of  travelling  which  weWi 
enjoy  on  a  spacious  well-managed  road ;  and  in  my  opinion  would  profv  • 
greater  detriment  than  all  the  obstacles  we  have  to  deplore  in  the  present  Oi 
comfortable  state  of  the  roads."  We  have  extended  our  extract  from  lb 
Hornblower's  letter  thus  far,  to  show,  that  however  inadmissible  the  em^oyiMi 
of  edge-rails  or  lumed-up  tram-plates  are  on  the  public  roads,  the  same  objedhi 
or  difficulty  of  travelling  does  not  apply  to  the  "  scantlings  of  iron  "  employ*^ 
at  Colebrook-dale ;  on  which  point  we  shall  hereafler  have  some  renuni  H 
make. 

The  introduction  of  metallic  surfaces  to  the  wooden  rails  was,  howerer,  d 
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fnrst  praductiTB  of  wrioiu  evili ;  for  the  resistance  or  adheaion  to  the  lUTface  in 
descending  inclined  pluiei  vu  thereby  so  much  reduced,  that  the  ordiiiRry 
1»-aJie  *u  found  to  be  quite  inelTective  in  counteracting  the  fnrce  of  gravity, 
ftecoune  vu  therefore  had  to  the  double  or  self-acting  inclined  jdanes,  by 
which  lAt  ntrflui  force  of  gravity  of  the  load  detcmiiing  one  plane  tcai 
nnploydta  drag  i^  Iht  tTi^lJ)  aaggotu  oh  the  aiceaJing  plane.  At  )hia  period 
of  tiine  tfat  iteam-engine  was  emnloyed  in  raising  mineral  from  t)ie  pit«  hy 
mean)  of  ropei  coiled  round  barrel! ,  (he  application,  therefore,  of  a  limilai 


Tht  mtroduction  of  caat-iron  plates,  having  an  upright  ledge,  woi  originally 
■fftetcd  by  Mr.  Carr,  at  the  Sheffield  colliery,  about  the  year  1776.  Theie 
Tm  at  fint  called  plate-rails,  but  are  noir  usually  distinguished  by  the  term 
tnm-plalei,  frx>ni  the  eircumitance  of  their  being  used  for  crams  or  waggons  to 
nOapan.  The  form  of  llte«e,  aa  used  in  the  under-ground  collien  at  Sheffield, 
^iiTi|ing  to  the  duke  of  Norfollc,  ii  delineated  in  the  following  figures.  Fh.  l 
Ungapliit,  and  Fig,  2  a  transverte  section  of  Fig.  1.  through  the  dotted  line 
■(;  ccare  the  plateo,  6  feet  long,  of  the  sectional  shape  shown  at  c  c.  Fig.  2; 
F^.  \.  F.g  2 


s 


« 


**di  end  of  the  raiU  holes  were  caet,  through  which  atout  nails  w 
kb  At  sleepers  ddd,  made  of  wood,  in  the  dnl  instance,  and  afterwacds  of 
IJB^  of  stone,  by  Barnes,  Outram,  and  others. 
In  suay  of  the  railroads  where  horse-power  ii   employed  U 


Mps,  the  animal  is  frequently  required  to  check  (he  velocitv  of  (he  waggons^ 
Nthal  they  may  not  exceed  a  certain  degree  of  motion  ;  and  w'  ' 

ptMed  beyond  hii  power  of  resistance,  be 
■fe  Iheae  circumatancsa,  be  makes  a  trip,  I 


Nthal  they  may  not  exceed  a  certain  degree  of  motion  ;  and  when  a  horse  ia 

resistance,  be  necessarily  quickens  his  pace;  if, 

makes  a  trip,  he  is  almost  sure  to  fall,  and  then 

fatal  injury,  by  being  forced  down  the  declirity.     To 

pRnt  nch  s«rioui  accidents,  Mr.  Le  Caan,  of  Llanelly,  in  Caermartbensbire, 

^H  thirty  years  ago,  constructed   a  brake  of  great  simplicity,  which  cannot 

■I  tf  ehecldnf;  or  stopping  the   carriage*  under  such  circumstances,  and  is 

%nbre  danrving  of  more  public  notice  than  it  has  hitherto  received.     In  the 

Mawiuf  enKraring  we  have  shown   the  application  of  this 

^UHm  Welch   cart'  used   upon 

lb     «    lepreaeota   the  brue, 

^ich  we  have  shown  ai  made  af 

^^it  bong  in  the  original  a  vary 

^*B*f  masa  of  wood,  shod  with 

^ ;  the  shoe  or  skid  ought  to  be 

l^tanrhat  broader  than  the  tire  of 

2*wlueU;  the  top  of  the  brake 

^ns  upon  a  ]uvot  at  b,  and  the 

••er  part  ii  connected  by  a  strong 
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chain  c  to  the  shaft  d.    The  shafts  are  jointed  at  0  to  the  frame  of  the  cart  c^ 
Mraggon ;  and  when  the  horse  is  upon  his  legs,  the  shaft-chain  and  hrake  are  k^ 
the  several  positions  shown  by  the  dotted  lines  at/ jp  A,  the  latter,  which  repr^^ 
sents  the  brake,  being  then  quite  clear  of  the  wheels  as  well  as  the  rails ;  h 
when  the  horse  falls  the  shaft  takes  the  inclined  position  shown  at  </,  and  ti 
skid  of  the  brake  a,  by  its  weight,  is  thrown  under  the  wheel,  which  it  takes 
the  rail ;  the  rolling  motion  is  thus  changed  into  a  sliding  one,  and  the  grf>, 
friction  thus  induced  either  stops  the  descent  of  the  carriage,  or  retards  it 
ficiently  to  prevent  serious  injury  resulting.     In  a  letter  to  the  Society  of  Aff^ 
in  London,  Mr.  Le  Caan  observes : — "  To  prevent  the  great  trouble  arising  from 
turning  a  waggon  round  upon  a  railroad,  it  would  be  better  to  have  a  brake  u 
each  of  the  four  wheels ;  in  which  case,  after  the  waggon  has  discharged  itM 
load  at  the  place  of  destination,  the  chains  c  may  be  loosened  from  the  sha/b^ 
and  fastened  upon  hooks  so  as  to  keep  the  brakes  suspended  over  the  road; 
the  bolt  at  e  which  attaches  the  shahs  to  the  body  of  the  waggon,  is  then 
to  be  removed,  and,  with  the  shafts,  placed  in  a  similar  manner  on  to  tlie 
other  end  of  the  waggon,  which  now  becomes  the  fore  part,  the  hone  drawing 
it  back  to  be  again  loaded.     Whenever  the  waggon  is  ascending,  the  cbecks 
behind  the  waggon  may  occasionally  be  let  down  and  used  as  rests  to  relieve  the 
horse  when  necessary. ' 

In  the  construction  of  all  surface  railways,  the  first  object  considered  is  tlie 
direction  of  the  road,  which,  in  all  cases,  should  be  so  formed,  and  with  ludi 
declivity  as  may  be  best  calculated  not  only  to  suit  the  nature  of  the  grouiut 
through  u  hich  it  passes,  but  also  the  trade  to  be  carried  on  upon  it  I(  foe* 
example,  as  frequently  happens  to  be  the  case,  nearly  the  whole  traffic  of » 
country  is  in  one  direction,  the  road  should  then  obviously  decline  that  way,  i9 
that  the  waggons  and  their  contents  may  descend  on  this  inclined  plane  as  mQcb 
as  possible  by  their  own  gravity.  But  in  all  cases  particular  attention  ought  t9 
be  paid  to  the  extent  of  tlie  trade  upon  the  railway,  so  that  the  inclinatioD  mar 
be  as  nearly  as  possible  proportioned  thereto,  consequently,  the  draught  eacb 
way  equalized ;  and  in  cases  where  the  transit  of  merchandize  to  and  fro  ihool^ 
be  nearly  equal,  it  would  be  most  beneficial  to  have  the  railway  level :  bot  j* 
sometimes  may  happen  that  the  nature  of  the  ground  is  such  as  not  to  pcnut 
that  declivity  or  level  best  suited  to  the  trade ;  the  line  should,  in  that  case,  be 
varied,  and,  if  possible,  the  inequalities  made  up  so  as  to  bring  it  as  near  a* 
possible  to  the  proper  standard,  if  it  can  be  done  at  any  moderate  expense;  bot 
when  the  inequalities  happen  to  be  such  as  to  render  this  impracticable,  the  only 
resource  to  be  found  is  m  inclined  planes.  For  example,  where  the  diffenotts 
of  level  between  the  two  extremities  of  road  are  such  as  would  render  an.eqjoai 
declivity  too  steep,  then  the  road  must  be  carried  either  on  a  level,  or  with  tbe 
due  degree  of  slope  as  far  as  practicable,  and  then  lowered  by  an  iodincd 
plane,  on  which  the  waggons  are  gently  let  down  by  a  brake,  and  dragged  up 
by  an  additional  power  to  that  which  is  made  use  of  for  drawing  them  akw 
the  road.  But  in  the  laying  out  and  formation  of  all  railways,  much  depeaa 
upon  the  skill  and  judgment  of  the  engineer,  as  it  is  quite  impossible  tolij 
down  any  general  plan  to  suit  all  cases ;  for,  it  must  be  recollected,  e?s]f 
situation  presents  some  peculiar  circumstances.  When  once  the  line  of  n^w^ 
is  fully  determined  upon,  the  next  step  is  to  form  the  road,  which  requires  nw 
attention  ;  it  must  be  of  sufficient  width  to  contain  the  opposite  rails,  and  fo 
forming  a  footpath  on  one  side.  There  is  no  prescribed  distance  between  tbe 
rails,  as,  in  some  cases,  preference  is  given  to  long  narrow  wagsons,  and  in 
others,  to  those  of  a  broad  short  shape ;  consequently,  the  distancebetween  tbr 
rails  varies  from  three  to  four  and  a  half  feet ;  hence  from  nine  to  twelve  fi** 
has  been  usually  apportioned  for  a  single  road,  and  from  fifteen  to  twentjfo* 
double  one. 

The  next  operation  is  the  placing  and  firmly  bedding  the  sleepers,  wbi» 
generally  consist  of  solid  blocks  of  stone,  weighing  from  one  to  two  or  iD*f 
hundred  weights  each.  There  is  no  particular  shape  necessary,  provided  tbeir 
bases  be  broad,  and  pretty  even  ;  it  is  also  particularly  necessary  that  the  upp* 
surfaces  should  present  an  even  and  solid  basis  for  the  iron  plates  or  rails  to  re* 
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le  sleepers  are  generally  placed  along  each  side  of  the  road,  measuring 
nee  feet  distant  from  each  other,  from  centre  to  centre,  the  opposite 
ig  separated  by  the  width  between  the  opposite  rails.  In  such  situa- 
ere  the  ground  under  them  is  of  a  sofl  nature,  it  is  usual  and  proper,  in 
instance,  to  lay  on  a  coat  of  gravel,  small  stones,  or  metallic  scoriae ; 
La  well  beaten  down  in  order  to  form  a  firm  foundation.  Each  stone, 
1  down,  is  carefully  gauged,  both  in  respect  to  its  distance  from  the 
-  ones,  and  the  level  or  declivity  of  its  upper  surface,  on  which  the 

nub  are  intended  to  rest.  The  sleepers  being  thus  correctly  placed, 
m  between  them  are  filled  up  with  either  gravel,  metallic  scoriae,  or 
er  hard  road  materials,  in  order  that  the  whole  may  consolidate  into  a 

finn  mass. 

regoing  is  a  sketch  of  the  process  adopted  in  forming  metallic  lines  of 
latever  may  be  the  form  of  the  rail  or  wheel-tracks  laid  down.  Of 
sre  are  two  principal  kinds,  namely,  tram-plates  (already  noticed)  and 
I,  both  of  which  are  very  extensively  adopted,  though  the  latter  is,  at 
Dt  time,  the  most  approved  by  engineers.  Nevertheless,  it  is  unques- 
thal  tram-plates,  when  cotvtc^y  formed^  and  laid  down  with  the  same 
to  accuracy  of  adjustment  and  solidity  of  bearing  as  is  now  practised 
best  edge-rails,  answer  their  purpose  admirably.  They  are  commonly 
i  in  Wdes,  and  in  the  neighbourhood  of  blast  furnaces,  on  account  of 
«r  facility  and  cheapness  of  their  construction.     They  are  especially 

formine  new  roads,  in  the  working  of  mines,  quarries,  in  digging 
I  conveymg  large  stones  for  buildings, 
erous  other  temporary  as  well  as  per- 
purposes;  chiefly  for  this  reason, — 
irdinary  wheels  of  carts  and  waggons 
upon  them,  and  with  a  surprisingly 

power  of  draught,  while  the  carriages 
steady  in  their  tracks,  by  the  upright 
as  shown  in  the  annexed  section, 
represents  the  flat  bearing  surface  of 
plate,  which,  as  now  practised,  is  fas- 

a  spike,  driven  into  an  oaken  plug 
f  inserted  into  the  stone  sleeper  C; 
-path  or  gravelled  road  is  partly  shown 
ese  tram-plates  are  made  of  cast-iron, 
ly  about  three  feet  long,  from  three  to 
s  broad,  and  from  half  an  inch  to  an 
c,  extending  from  sleeper  to  sleeper, 
nrn-up  flange  from  two  and  a  half  to 

is  high.  The  plate  usually  bears  on  the  sleepers  about  three  inches  at 
,  where  its  thickness  is  mr  that  purpose  increased  ;  between  these 
Dints  the  plate  has  no  support  but  what  it  derives  from  the  eround, 
Dugh  not  very  permanent  or  secure,  is  infinitely  more  so  than  the  sup- 
derived  by  an  edge-rail :  indeed,  the  extensive  bearing  surface  of  the 
1  the  ground  is  often  found  quite  suflicient  for  temporary  uses,  without 
lers  at  all  ;  and  in  other  cases,  where  a  little  more  stability  is 
to  spike  down  the  opposite  ends  of  the  tram-plates,  on  each  side  of  the 
,  transverse  piece  of  wood,  which  remains  useful  for  a  longer  period, 
Jung  up  for  re-adjustment. 

ails  are  decidedly  of  a  weak  form,  considering  the  quantity  of  iron  in 
d  in  some  works  it  has  been  found  necessary  to  strengthen  them,  by 
rib  on  the  under  side,  as  shown  in 
ed  perspective  view  of  a  section  of 
1;  in  which  A  is  the  guiding  flange ; 

of  the  rail  on  which  the  wheels  run  ; 

lb  on  the  under  side  to  strengthen  it. 

•plates  used  for  repairing  the  Surrey 

were  of  this  form,  and  it  certainly 

lem  very  slifl*. 
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The  mode  of  fastening  down  tram-plates  by  bolts  or  spikes  was  foi 
attended  with  several  inconveniences,  owing  to  the  occasional  projectic 
heads,  their  becoming  loose,  and  hence  both  the  plates  and  bolts  I 
quently  stolen,,  to  the  entire  stoppage  of  the  traffic  upon  the  road.  T 
these  evils,  Mr.  Charles  le  Caan,  of  Llanelly,  in  South  Wales,  contrive 
of  fonning  the  plates,  so  that  no  bolting  or  nailing  was  requisite, 
plate  in  succession  fastened  down  the  previous  one.  Ftp,  1  repretei 
of  the  junction  of  two  plates, 
placed  on  a  stone  sleeper  D; 
and  Fig,  2  shows  a  longitudinal 
section  of  the  same.  The  plates 
are  joined  by  a  dove-tailed  notch 
and  tenon,  and  an  obliaue  pli^ 
is  cast  on  each  plate,  which  is  let 
into  the  stone  sleeper;  but  for  the 
advantage  of  taking  up  the  plates 
to  repair  any  defect,  there  are 
plates  at  every  thirty  yards,  with 
perpendicular  plugs;  such  plates 
are  called  stojv-plates.  Tlie  diameter  of  the  plug  near  the  shoulder  is 
and  three  quarters,  at  the  point  one  inch,  its  length  two  inches  and  a 
its  obliquity,  shown  in  Fig,  2,  about  eight  degrees.  A  small  grooY 
whole  length  of  the  exterior  of  such  plug  is  made  to  allow  the  wal 
hole  to  expand  in  freezing;  and  it  also  serves  to  admit  a  wire  to  draw 
plug  out  by  it  The  holes  for  the  ])lugs  should  be  cut  to  the  deptl 
inches  by  a  standard  gauge  of  cast-iron,  and  countersunk  so  as  to 
end  of  the  plate  to  bed  firmly  on  the  block  which  supports  it  F^.  3 
the  ends  ot  a  tram-plate,  in  which  H  shows  the  flange  or  upright  edi 
flat  part  or  sole,  in  which  the  wheels  of  the  waggon  run ;  D  one  of  tl 
and  K  a  projection  behind,  to  render  the  plates  firmer  upon  the  bloc 
usual  length  of  one  plate  is  three  feet ;  the  flanch  H  is  one  and  a 
high ;  the  sole,  or  bed,  three  and  a  half,  or  four  inches  broad,  and  thn 
of  an  inch  thick ;  but  these  dimensions  are  varied  according  to  circui 
Tlie  most  approved  weight  has  been  forty-two  pounds  for  each  plate ; 
from  which  the  plugs  project,  under  which  the  tenons  and  notches  i 
should  be  a  quarter  of  an  inch  thicker  than  the  other  parts  of  the  pli 
weight  of  the  blocks  or  sleepers  should  not  be  less  than  about  120  pou 
and  some  kinds  of  ground  will  require  heavier.  In  this  method  the 
the  waggons  cannot  be  obstructed  by  the  heads  of  the  nails  rising  i 
surface,  and  the  blocks  are  not  disturbed  by  fixing  the  plates  ;  ai 
repairs  are  necessary,  the  plates  must  be  formed  for  the  purpose.  Wl 
plates  are  fixed  by  spikes  to  stone  sleepers,  there  is  some  difficulty  ii 
the  joint  even  and  in  its  place ;  but  it  seems  to  be  successfully  oh 
using  a  saddle-pin  to  receive  the  ends  of  the  nails  at  the  joints,  an  imp 
which  was  introduced  by  Mr.  Wilson  on  the  Troon  tramroad. 

Tramroads  are  much  esteemed  in  Wales ;  and  in  consequence  of  usi 
it  is  found  desirable  to  divide  the  pressure  upon  the  rails  as  much  as 
hence,  small  carriages  are  used,  and  these  lead  to  small  wheels,  so  that 
of  a  given  power  is  not  above  half  what  it  ou^ht  to  be ;  and  yet  the  < 
increase  of  railroads  in  Wales  renders  it  evident  that  some  benefit  a 
from  adopting  this  system  of  conveyance.  In  1791,  there  was  scarcelj 
railway  in  South  Wales;  and  in  1811,  the  complete  railroads  conne 
canals,  collieries,  &c.  in  Monmouthshire,  Glamorganshire,  and  Caer 
shire,  amounted  to  nearly  150  miles  in  length,  exclusive  of  undergm 
of  which  one  company  in  Merthyr  Tydvil  possessed  about  thirty  mil 
which  period  the  lines  have  been  extended  to,  at  the  least,  three 
miles. 

Whenever  it  is  found  necessary  for  railways  to  cross  any  public  roaci, 
between  the  rails  must  be  paved  or  firmly  causewayed  to  the  level  of  * 
the  fldnches,  in  order  that  carriages  passing  along  the  road  may  b 
to  paas  clear  over  the  rails.   It  is  also  absolutely  necessary,  in  aingle  n 
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hare  «artaia  tduM  fimntd  ftt  intsrvali,  vbm  Che  empty  eurUgei,  ta  retomin^ 
majr  ^  off  we  road,  in  order  to  allow  the  loaded  onei  to  pan :  a  pUoe  of  thu 
demcnptioi]  i*  termed  a  turn-out.  The  wscgoiia  are  etuil;  directed  into  it  hy  a 
moTible  rail,  termed  a  pointer,  fixed  at  tbe  iutersection  belveen  the  principal 
rail  and  the  turn-out,  aud  tuiubg  on  iti  extremity  lo  ai  to  open  tbe  way  into 
(he  turn-out,  and  abut  that  along  the  road ;  and  whenever  one  line  of  rtulwajr 
liuinai  to  CTOM  another,  this  contrivancG  ii  aUo  adopted. 

i^e  origia  of  edge-raiis  cannot  eaaily  be  traced.  The  wooden  raili  partook 
it  4uB  chancier  i  tor  they  were  generally  rounded  a  little  on  their  upper  aur- 
b«i,  and  flangea  were  put  upon  tbe  peripheries  of  the  wheeli,  which,  projecting 
dottjivardi  over  the  udei  of  the  raiu,  kept  the  wheeli  in  their  tracki ;  and  in 
nme  catet  aquare  wrought-iron  bars  were  faalened  orer  the  wooden  raili, 
ptnly  with  a  view  to  strengthen  them,  as  well  as  to  form  guides  to  the  wheels  i 
Ac  tnaiition  to  improved  forms  was  therefore  eaay.  In  ITtJf,  Mr.  Jewop 
intmduced  a  cast-iroD  edge-rail  in  the  public  road  at  Iiougbborougb,  the  uppor 
■nrfict  of  which  was  flat,  and  the  uadir  of  an  elliptical  shape. 

!l  wu  not,  we  believe,  until  the  beginning  of  the  present  century  that  e^e- 
rtfli  were  ranch  known;  as  it  appears  that  Mr.  Benjamin  Wyatt,  of  Lime 
Gioie,  near  Bangor,  imagined  himself  to  have  originated  them.  Thia  gentl«- 
nu'i  invention,  as  applied  to  the  Penrhyn  Slate  Works,  is  (bus  described  by 
timidf  in  a  letter  to  the  editor  of  the  Rtpertory  of  ArU,  and  is  bserted  in  the 
IW  volume  of  the  second  series  of  that  valuable  work.  In  alluiion  to  the 
pnuliu  raili  then  in  use,  ha  savs — "  The  rail  hitherto  made  use  of  in  most  rail- 
*>ft  ill  flat  one,  thies  feet  in  length,  with  a  rib  on  one  edge,  to  give  it  strength, 
■u  Ut  prevent  the  wheels,  which  have  a  flat  rim,  from  runnbg  off.  Obeerving 
Uul  tkese  rails  were  frequently  obstructed  by  stones  and  dirt  lodging  upon 
Uwin :  that  they  were  obliged  to  be  fastened  to  single  atroea  or  blocks  on  account 
of  ibeir  not  rising  sufficiently  above  the  sills,  to  admit  of  gTavelling  tbe  horie- 
psl^;  ifaat^the  iharp  rib  standing 
9  tu  dangeroui  for  the  horse* ; 
tut  the  strength  of  the  rail  i 

14^  tba  w    ■     --'  - 

las  uriace 

tictiHi ;  led  me  to  consider  if 
Jome  better  form  of  rail  could  not 
h  nplied.  The  oeal  presented 
JtMUas  the  belt  adaptM  to  cor- 
net iQ  the  faults  of  the  flat  rail, 
Md  1  have  the  aatisfaction  to  say, 
iW  it  has  completely  answered 
IIm  pomose  in  a  railway  lately  eie- 
Wcd  Jor  Lord  Penrybn,  for  his 
Wdihjp's  slate  quairiei  in  Caer- 
ttsttbenibire,  to  Fort  Peniyhn,  the 
pli«  of  shipping.  The  wheel 
■ladt  use  of  on  this  rail  has  a  con- 
arc  rim,  BO  contrived  in  it*  form, 
•sd  lb  wheels  so  fixed  upon  their 
*u^  as  lo  move  with  the  greatest 
^t;  on  the  sherpett  curves  that 
Ha  »c  required."  It  is  obvious 
bf  tbt  mnesed  section,  which  re- 
punts  the  rail,  a,  of  its  full  and 
«ul  liie,  that  no  dirt  can  lodga 
opon  it,  and  that  it  must  be  vei^ 
Nniig  for  its  weight;  and  is 
(aloilsled  to  resist  both  the  per- 
peuiieular  and  lateral  pressure, 
nsl  it  most  occasion  but  lUtle 
Sktion,  tbat  it  ma;  be  placed  ufiou 
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the  sills  so  as  to  admit  a  sufficient  quantity  of  gravel  to  cover  them,  and  pKf 
no  danger  to  the  horse,  they  were  cast  4  feet  6  inches  long,  and  weighed  Ml 
each.  The  lower  part  b  is  cast  to  each  end  of  the  rail,  three  inches  long 
let  into  the  sills,  which  have  a  dovetailed  notch  to  receive  them. 

The  Penryhn  railway  is  six  miles  and  a  quarter  in  length,  divided  into  i 
stages.  It  has  three-eighths  of  an  inch  fall  in  a  yard,  with  three  inclines;  i 
begun  in  October  1800,  and  finished  in  July  1801.  The  annexed  sketdi  the 
the  kind  of  waggons  that  were  used  on  this  railway,  twenty-four  of  which  e 
laining  24  tons,  were  drawn  by  two  horses  (one  stage)  six  times  a  dayj  whid 


144  tons  per  day,  drawn  6^  miles  per  day.  This  quantity  of  work  was  n 
viously  performed  by  14^1  carts,  and  400  horses;  so  that  ten  hones  witt 
means  of  this  railway  do  the  work  of  four  hundred/ 

It  has  been  repeatedly  proposed  of  late  years,  to  form  a  rail,  or  iron  w 
upon  a  portion  of  the  common  public  road,  so  as  not  to  rise  above  the  level 
the  general  surface,  and  thus  permit  carriages  to  cross  them  in  any  direelic 
without  impediment.  The  utility  of  the  principle  of  this  arrangement  hail 
some  time  past  been  demonstrated  by  the  excellent  granite  stone  wag  i 
waggons,  in  the  Commercial  Road,  and  the  adoption  of  the  same  pliB 
Friday-street,  and  other  parts  of  London ;  for  by  these  rough  structun^  t 
effect  of  horse-power  is  at  the  least  doubled,  or  one  horse  is  saved  oat  of  fW 
two.  If  so  much  has  been  rained  by  so  slight  an  improvement  of  the  mifti 
what  may  not  be  expected  wnen  ignorance  and  prejudice  shall  permit  the  iot 
duction  of  such  perfect  surfaces  as  iron  will  afford  f  There  is,  however,  noM 
of  conjecture  in  the  matter;  the  results  of  the  actual  work  upon  the  Manebci 
and  Liverpool  Railway  show  us,  that  a  force  of  draught  equal  to  a  weiglit 
one  pound  descending  from  a  pulley,  is  capable  of  drawing  200  lbs.  upcn  i 
rail  at  2|  miles  per  nour,  which  is  the  ordinary  pace  of  a  cart  horse,  wIk 
power  of  draught  through  a  day's  work  is  estimated  at  150  lbs.  drawn  up  en 
a  pulle}'  at  the  same  velocity.  Consequently,  we  have  150  X  200=30,000 Ibi 
or  between  13  and  14  tons,  drawn  by  one  horse  with  perfect  ease!  Whatei 
admiration  such  effects  might  excite  in  the  public  mind,  they  would  crette 
surprise  to  persons  at  all  acquainted  with  mechanical  science ;  indeed,  it  appei 
from  expenments  made  by  mr.  Wood,  with  a  well  constructed  model,  tlat  t 
whole  of  the  resistances  to  the  motion  of  a  carriage  upon  a  level  railwiyi 
capable  of  being  reduced  to  the  five  hundredth  part  of  the  weight ;  cow 
quently  one  horse  would  be  competent  to  draw  (500  X  150=)  75,00011*, 
upwards  of  33  tons !  But  it  is  not  to  be  expected  that  the  accuracy  of  voi 
manship  in  a  model  could  be  carried  into  effect,  or  the  expense  of  it  affoid 
on  the  great  scale ;  nevertheless,  when  the  numerous  little  progressive  uo^ 
rations  which  the  present  extensive  practice  of  our  railroad  meclianicsaredii 
developing,  are  taken  into  account,  it  scarcely  admits  of  a  doubt  that  i  bo 
may  be  rendered  capable  of  drawing,  at  the  least,  20  tons. 

"These  remarks  have  been  elicited  firom  us  by  the  perusal  of  the  vpeaBctA 
of  a  patented  invention  by  Jonathan  Woodhouse,  of  Ashby-de-la-2^ucli,  tbirt 
three  years  ago,  which  unfortunately  deprives  many  of  our  more  modem  I» 
jectors  of  their  claims  to  oricinality.  Cfonsidering  that  railroads  were  quite  i 
their  infancy  at  the  period  of  Mr.  Woodhouse's  propositions,  they  strike  w  * 
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remarkably  judicious,  both  in  arrangement  and  detail ;  and  from  their  perfect 
Qvisnality,  they  are  well  deserving  of  a  coaspicuous  station  in  the  histoiy  of 
rauroads,  though  hitherto  unnoticed  by  writers  on  the  subject.     The  specinca- 
tion  is  entitled  "  a  new  method  of  forming  a  cast-iron  rail  or  plate,  which  may 
be  used  in  making  iron  railroads,  or  drags  for  the  working  and  running  of  wag- 
gons, drays,  and  other  carriages,  on  public  and  other  roads ;  and  also  a  new 
method  of  fixing,  fastening,  and  securing  such  cast-iron  rail  or  plate  on  such 
roads:  dated  February  28,  1803."    The  following  is  the  description. 

''The  rail  or  plate  is  made  of  cast-iron,  and  the  upper  part  or  surface  thereof 
iiconcaye ;  the  width  of  which  rail  or  plate  ma^  be  increased  or  diminished  as 
may  best  suit  the  size  of  the  wheels  of  the  carnages  that  may  be  worked  upon 
the  particular  roads  where  the  rails  or  plates  are  used.  The  method  of  fixing, 
fitttening,  and  securing  the  iron  rails  or  plates,  is  to  place  them  on  bearings,  at 
CQBTenient  distances,  which  are  to  be  fixed  firm  and  solid  in  the  earth,  and  to 
fitttea  the  rails  or  plates  to  such  bearii^s  with  wrought-iron  screws,  or  cutter 
bolts.  The  bearings  for  the  raUs  or  plates  may  be  made  of  timber,  stone,  or 
cast-iron,  or  wood-piles ;  and  if  the  rails  or  plates  are  properly  fixed  to  such 
bearings  with  wrought-iron  screws  or  cutter  bolts,  and  the  road  is  made  even 
with  the  surface  of  the  external  or  outer  edges  of  the  rails  or  plates,  either  with 
|tone,  gravel,  or  wood,  or  any  other  road  materials,  the  rails  or  plates  will  be 
immovable,  uid  the  wheels  of  the  carriages  used  thereon  will  pass  over  the 
■ame  with  facility ;  and  by  reason  of  the  concave  form  and  manner  of  fixing 
of  the  said  rails  or  plates,  no  shock  which  they  can  receive  (except  some  wilful 
force  is  maliciously  used)  can  injure  or  break  them.  These  rails  or  plates  may 
he  used  on  private  as  well  as  on  public  or  other  roads,  with  a  great  advantage, 
vhere  a  multiplicity  of  business  is  to  be  carried  on ;  and  by  reason  of  such  ttie 
concave  form,  and  manner  of  fixing  them,  they  admit  of  the  wheels  of  carriages  to 
get  npon  or  from  them,  with  facility  in  any  direction  ;  and  the  wheels  working 
on  those  rails  will  move  with  great  smoothness  and  ease.  The  annexed  draw- 
ings show  the  cast-iron  rails  or  plates,  and  the  methods  of  fixing,  fastening, 
ttd  securing  them,  of  which  the  following  are  the  explanations." 

tig,  1,  aaaOf  show  four  pieces  of  the  plates  or  rails  laid  down  in  two  lines, 
^h  their  concave  surfaces  upwards.  Fig.  2  shows  the  elevation  or  end  view 
of  the  plates  or  rails,  their  sectional  form,  and  how  they  are  fixed  to  the  bear- 
ings 6  6  by  means  of  screw  bolts  or  cutter  bolts.  Fig,  3  is  added,  to  show  more 
ttiocdy  on  a  larger  scale,  the  transverse  form  of  the  concave  hollow  plates  or 
1^  Fig,  4  shows  the  side  views  of  the  rails  a  a,  with  their  bearings  o  b  under 
^;  the  same  being  shown  in  a  position  at  right  angles  in  Figt,  2,  7,  9, 
«Klll. 


pflSiB^ 


Fig.  -3. 


im 


Fig.  I. 


Fig.  2, 


Fig.  4. 


^*9'  5  exhibits  a  plan  or  section  of  the  base  or  undei*  side  of  the  rails ;  the 
'^^•ws  e.Ct  in  the  feet  of  the  rails,  being  made  to  receive  the  wrought»iron 


aatvn  or  cutter  bolti,  which  um  the  double  purpoce  of  puieiilug  and  m 
the  raili  lo  a.  direct  line  *ith  each  other,  and  of  firm);  Kcnring  thsm  m 
retp«ctive  bearing*:  ddtho^  the  >tay>  cast  between  the  udet  of  the  t 
pUtea,  which  brace  them  together  at  their  bottom  edget.     fig.  9  iboi 


gifeg-sfegat  I 


a  declivi 

The  tubjoined  aketch,  l^.  8,  ihowa  a  plan,  and  Fig.  9  a 
of  applying  lbs  inveDtion  to  a  itreet  or  road  psTsd  with  at« 


F^i.  10  and  11  show  in  like  manner,  by  a  plan  and  leetion,  the  »m&e 
of  the  invention  to  a  itreet  or  road  made  M  gravel,  broken  ilane,  or  oiwr 
material) ;  but  with  the  view  of  lieeping  the  rail  or  plate  aa  fiee  from  pii 
pouible,  a  coiirae  of  atones  is  laid  on  each  side  nf  the  rail. 

In  Bome  remark*  made  by  the  inventor  "on  the  advaatagei  of  conww 
roads,"  ha  oburvei,  tbst  with  two  honea  the  mail  coachaa  might  be  cm 
eight  mile*  per  hour,  ai  eaay  ai  the  pmtnt  maili  are  conveyed  lii  mlie 
hour  with /our  honee;  the  correctnesi  of  which  leema  unqoettionable-  0 
the  leadhig  objecti  of  Mr.  Woodhouae  appears  to  have  been  to  avoid  UK 
quent  necewity,  great  expense,  and  inconvenience  of  making  deep  cuttiD|i 
embankments,  in  order  to  conduct  canals  into  towns,  which  he  prop** 
connect  by  the  application  of  these  concave  rails  to  ordinary  roadti' 


Londan  readen  will  not  foil  to  rtmarii,  that  the  cotiron  gutten  now 
ueh  «ide  of  molt  of  our  public  itreeti  ue  limilarly  eonstnieted  to  Mr. 
n*'i  concave  nils ;  and  although  the;  are  now  io  modifiBd  ai  to  adapt 
water  conduita,  it  may  often  be  observed  that  the  London  carmen  pur- 
fiij  tbemaelvei  of  them  ai  a  railway,  to  ease  their  botMi  when  beafily 


■■■■■■■■■iiiimiiimlii 


i,  which  it  evidently  doei  coniiderably,  although  the  sdranlage  it 
ily  upon  one  aide  of  the  carriage.  The  emoothneu  of  lurface  which 
■  OTgutters  acquire  by  the  traffic  over  them,  might  cauM  tho  wheeli  of 
aniage  (or  lucli  ai  carry  their  own  motive  force  within)  to  ilip  a  little ; 
:  the  carnage  i*  drawn,  ai  by  a  hone,  the  wheels  cannot  ihp  round, 
moothnea  tlien  becomet  an  advantage. 

ipwlMit  improvement  effected  on  the  Penryhn  Railway,  by  Mr.  Wyat^ 
at  page  381,  naturally  led  to  amelioration*  in  the  itructure  of  aimtlar 


nrberf,  which  wai  cBpeciolly  observable  on  the  hnxA*  of  the  Tyne  and 
1m  expeDM  of  the  traniit  of  coals  turmi  to  coniiderable  a  proportion 
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of  their  money  coat,  that  the  owners  are  always  alive  to  any  decided  wvi 
may  be  effected  therein.  In  the  engravings  in  page  335,  Fig.  1  represent 
view,  Fig,  2  a  plan,  and  Ftg,  3  a  cross-section  of  a  eaU-hrom  edge->rail, 
form  which  has  been  extensively  adopted  in  the  districts  above  mentioiic 
waggons  run  upon  the  rounded  edge  of  the  rail,  which  is  smooth,  and 
evenly  and  regularly  as  possible.  The  length  of  these  rails  is  umall 
feet,  with  a  depth  of  about  four  inches  and  a  half  in  the  middle,  and  fan 
the  top  two  inches ;  but  in  some  railways  the  rails  are  four  feet  loii| 
ends  of  the  rails  meet  in  a  piece  of  cast-iron,  called  a  chair  (see  Fig,  4),  i 
chairs  are  fixed  to  stone  blocks  or  sleepers,  with  a  broad  base,  and  w 
from  one  and  a  half  to  two  hundred  weight  These  are  firmly  bedded 
ground,  and  adjusted  to  a  proper  plane  for  the  road  before  the  cbaixa  i 
nected  to  them.  The  goodness  of  the  road  of  course  depends  much  « 
the  sleepers  in  a  sound,  firm  manner.  In  Fig.  1  the  side  view  of  the  i 
shown,  supported  at  the  extremities  A  B  by  cast-iron  chairs  £  £,  which 
blocks  of  stone  D  D«  called  sleepers.  Fig.  2,  the  plan,  shows  the  scaii 
where  the  ends  of  the  rails  meet  in  the  iron  chairs  £  £.  Fig.  3,  tl 
section  of  the  rail  taken  at  C,  in  F^.  1,  which  is  the  middle  of  its 
Fig.  4  is  a  cross  section  at  B,  through  the  joint  chair  and  supporting  Uc 

Up  to  the  period  to  which  our  present  history  of  railways  relates,  it  i 
appear  that  any  other  power  of  drauglit  or  propulsion  was  employed  1 
of  horses,  and,  occasionally,  of  fixed  engines  up  mclined  planes. 

In  the  year  1802  Messrs.  Trevithick  and  Vivian  invented  and  took  out  i 
for  the  first  locomotive  steam-engine,  which  was,  in  the  second  year  aftc 
brought  into  practical  operation.  The  merit  of  the  first  suggestion  of  stei 
riages  has  been  attributed  to  different  individuals ;  but  the  probabili^ 
the  idea  of  applying  the  steam-engine  for  the  purposes  of  locomoti 
coeval  with  its  first  invention.  Thus  Savery,  firom  having  considered  it 
bility,  and  Dr.  Robison,  from  having  suggested  it  .to  Watt,  have  by  son 
regarded  as  the  inventors ;  but  almost  as  well  might  we  regard  the  phil 
poet  Darwin  to  have  been  the  inventor,  who  prophesied^ 

*'  Soon  shall  thy  arm,  unconquered  steam !  afar. 
Drag  the  slow  barge,  and  drive  the  rapid  ear  t " 

In  a  note  to  a  late  edition  of  Dr.  Robison 's  Meehameal  Pkk 
Mr.  Watt  states, — "  My  attention  was  first  directed  in  the  year  1759 
subject  of  steam-engines,  by  the  late  Dr.  Robison,  then  a  student  in  t 
versity  of  Glasgow,  and  nearly  of  tny  own  age.  He  at  that  time  th 
the  idea  of  applying  the  power  <yf  the  steam-engine  to  the  moving  of 
carriages,  and  to  other  purposes ;  but  the  scheme  was  soon  abantume^ 
going  abroad."  In  the  patent  granted  to  Mr.  Watt  in  1784,  he  gave  an 
of  the  adaptation  of  his  mechanism  to  the  propulsion  of  land  carriage 
boiler  of  this  apparatus  he  proposed  should  be  made  of  wooden  steM^ 
together,  and  fastened  with  iron  hoops  like  a  cask.  The  furnace  to  ha 
and  placed  in  the  inside  of  the  boiler,  so  as  to  be  surrounded  on  every  i 
water.  The  boiler  was  to  be  placed  on  a  carriage,  the  wheels  of  which 
receive  their  motion  from  a  piston  working  in  a  cylinder,  the  reeip 
motion  being  converted  into  a  rotatory  one,  by  toothed  wheels,  revolvinj 
sun  and  planet  motion,  and  producing  the  required  velocity  by  a  commc 
of  wheels  and  pinions.  By  means  of  two  systems  of  wheel- work,  diffi 
their  proportion,  he  proposed  to  adapt  the  power  of  the  machine  to  tb 
resistance  it  might  have  to  overcome  from  the  state  of  the  road.  A 
for  two  persons  might,  he  thought,  be  moved  with  a  cylinder  of  seven  ii 
diameter,  when  the  piston  had  a  stroke  of  one  foot,  and  made  sixty  s 
minute.  Mr.  Watt,  however,  never  built  a  steam-carriage.  It  is  weB 
that  Mr.  Watt  retained,  up  to  the  period  of  his  death,  the  most  rooted  pt 
aeainst  the  use  of  high  steam ;  indeed,  he  savs  himself,  **  I  soon  relinonii 
idea  of  constructing  an  engine  on  this  principle,  from  being  sensible  it  i 
liable  to  some  of  the  objections  against  Savery*s  engine,  vix.  the  di 
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hmUng  lli«  binlcT,  and  rIm  that  a  great  pkrt  of  the  power  of  the  ileun  would 
be  liHi,  becaue  no  Tacuum  was  formed  to  aisist  the  deacent  of  the  piBton." — 
Walfi  Narrative. 

In  a  bald  deviation  from  the  beaten  track,  it  wax  the  good  fortune  of  Mr. 
RichiH  Trevithick  and  Mr.  Andrew  Vivian,  two  engineen  residing  at  Cani- 
lonie,  in  Cornwall,  to  find  the  palh  which  conducted  them  lo  iheir  object ; — 
r^Ktisg  the  abiurd  prejudice!  which  had  made  high-pres>ure  sleain  to  be 
eithiM  from  practice,  they  law  in  the  formidable  qualities  which  had  excited 
lU  bar  of  Witt  and  othen,  thme  very  properties  which  fitted  it  to  become  tlie 
■ctualing  principle  of  their  mechanism.  Above  all  other  considerations  uhich 
ntyed  them  in  their  preference  of  sleam  of  a  high  temperature,  was  tlie 
ponr  it  gave  of  dispensing  with  the  use  of  the  condenser  altogetlier;  a  part, 
thicb,  from  its  cumliroutneu,  and  the  difRculty  of  supplying  It  with  water, 
nndem]  it  far  inferior  even  to  Newcomen's  Imperfect  apparatui  for  locomotive 

The  specification  of  the  patent  granted  lo  Meurs.  Trevithick  and  Vivian  is 
dtwiplive  of  a  high-pressure  engine,  the  most  simple  and  elfeciive  ever 
bown,  which  has  thus  been  chtracterized  by  the  eloqtient  Mickletiam  :—"  It 
tihibiu  in  construction  the  most  beautiful  simplicity  of  parts,  the  most  saga- 
ciras  selection  of  appropriate  forms,  their  most  convenient  and  enectivs. 
•mngement  and  connexion  ;  uniting  strength  with  elegance,  the  necessary 
•olidily  with  the  greatest  portability  ;  possessing  unlimited  power  willi  a  won- 
'trfiil  pliencv  to  accomniodale  it  to  a  varying  resislance;  it  may  indeed  be 
»»lltd  The  Stcam-Enoihe."  This  machine  will  be  found  under  tlie  article 
StuN.  Our  present  business  is  with  the  application  of  this  engine,  which  the 
q*ciScation  proceeds  to  show  in  connexion  with  a  sugar-cajie  mill ;  and, 
Iwlj,  it  describes  its  employment  in  propellbg  "  wheel  carriages  of  every 


^•rription," — a  purpose  fiw  which  \i  is  most  admirably  designed,  as  it  contain* 
IWwmtlv  those  arrangements  or  combinationi  of  mechanism  wliich  (nsny  of  oar 
hesrat  locomotion  is  ts  call  iheirown,  and  which  arc  adiiered  lo  as  essential  to  their 
^•ehines.  We  shall  now  quote  from  the  specification  :  "  Fig  1  is  a  vertical 
Action,  end  Fig.  2  the  plan  of  the  spplicatisn  of  the  improved  steam-engiiia 
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to  ghe  moiion  to  tcheel  carriages  of  every  description  ;  B  represents  the  < 
having  therein  the  boiler  vrith  its  fireplace  and  cylinder  (deificribcd  hj 
patentees  in  the  previous  part  of  their  specification).     The  piston-rod 
Fig.  2,  is  divided  or  forked  so  as  to  leave  room  for  the  motion  of  the  extre 


Fig  2, 


itiiiiiiiiiiiiiiiiiii  lumEiiiiiiiiiiiiiiiiiii 


rjiiiiitiiiiiiiiii  niinriiiiiiiiiiMiiiiiT; 


of  the  crank  R ;  the  said  rod  drives  a  cross  piece  at  Q,  backward  and  forvi 
between  guides ;  and  this  cross-piece,  by  means  of  the  bar  Q  R,  gives  moCi 
to  the  crank  with  its  fly  F,  and  to  two  wheels  T  T  upon  the  crank  axis,  wh 
lock  into  two  correspondent  wheels  U  upon  the  naves  of  the  large  wheels  of  I 
carriage  itself.  The  wheels  T  are  fixed  upon  round  sockets,  and  receive  tb 
motion  from  a  striking  box  or  bar  S  X,  which  acts  upon  a  pin  in  each  wfcei 
S  Y  are  two  handles,  by  means  of  which  either  of  the  striking-boxes  S  X  c 
be  thrown  out  of  gear,  and  the  correspondent  wheel  W,  by  that  means  diset 
nected  with  the  first  mover,  for  the  purpose  of  turning  short,  or  mdnMs^ 
backward  motion  of  that  wheel  when  required;  but  either  of  the  wkeeh  W, 
case  of  turning,  can  be  allowed  considerably  to  overrun  the  other  without  ikrm 
S  X  out  ofgear^  because  the  pin  can  go  very  nearly  round  in  the  forward  moli 
before  it  will  meet  with  any  obstruction.  The  wheels  U  are  most  comoMi 
fixed  upon  the  naves  of  the  carriage-wheels  W,  by  which  means  a  revolatioB 
the  axis  itself  becomes  unnecessary,  and  the  outer  ends  of  the  said  axb  n 
consequently  be  set  to  any  obliquity,  and  the  other  part  fixed  or  bended,  ti  I 
objects  of  taste  or  utility  may  demand.  The  fore-wheels  are  applied  to  it 
the  carriage  by  means  of  a  lever  H ;  and  there  is  a  chink  lever  wkiek  cm 
applied  to  the  Jfyf  in  order  to  moderate  the  velocity  of  progression  when  yd 
down  hilL  In  the  vertical  section  is  shown  a  springing  lever,  having  a  li 
dency  to  fly  forward.  Two  levers  of  this  kind  are  duly  and  similarly  phe 
near  the  middle  of  the  carriage,  and  each  of  them  are  alternately  thrown  bt 
by  a  short  bearing  lever  upon  the  crank  axis,  which  sends  it  home  into  a  oft 
at  the  end,  and  af^erwaras  releases  it  when  the  bearing  lever  comes  to  fR 
upon  V,  in  which  case  the  springing  lever  flies  back.  A  cross  bar,  or  dM 
handle  is  fixed  upon  the  upright  axis  of  the  cock,  from  each  end  of  vUi 
said  cross  bar  proceeds  a  roi  pq^  which  is  attached  to  a  stud  ^;  that  fonntp 
of  the  spring  lever,  lliis  stud  has  a  certain  length  of  play,  by  mesns* 
long  hole  or  groove  in  the  bar,  so  that  when  the  springing  lever  is  pnM 
up,  the  stud  slides  in  the  groove  without  giving  motion  to  p.  When  (aedk 
■printing  lever  is  disengaged,  it  draws  the  opposite  end  of  the  handle,  and  etui 
P  to  draw  the  long  hole  at  q  up  to  its  bearkig  against  the  stud,  ready  for  d 
letting  off  of  that  first-mentioned  springing-lever.     When  this  last-mentioie 
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lever  eomes  to  be  disengaged,  it  suddenly  draws  j9  back,  and  turns  tlie  cock  one 
^Darter  turn,  and  performs  the  like  office  of  placing  the  horizontal  rod  of  the 
other  extremity  of  the  handle  ready  for  action  by  its  own  springing-lever.  These 
(jUermtioiu perform  the  opening  and  shutting  of  the  cock,  and  to  one  of  the  spring- 
ing levers  IS  fixed  a  snuiU  force-pump  u\  which  draws  hot  nater  from  the  case  by 
^  qiuck  hack-stroke^  and  forces  it  into  the  boiler  by  the  stronger  and  more  gra- 
^pressure  of  a  lever  on  the  crank  axis.  It  is  also  to  be  noticed  that  in  certain 
totes,  make  the  external  periphery  of  the  wheels  W  uneven,  by  projecting  heads 
of  nails  or  bolta,  or  cross  grooves,  or  fittings  to  raHroads,  when  required ;  and 
that  M  cases  of  hard  pull  we  cause  a  lever,  bolt,  or  claw,  to  proiecl  through  the 
nm  of  one  or  both  of  the  said  wheels,  so  as  to  take  hold  of  the  ground ;  but 
tbat  m  general  the  ordinary  structure  or  figure  of  the  external  surface  of  these 
^heeit  wiU  be  found  to  answer  the  intended  purpose.  And.  moreover,  we  do 
observe  and  declare,  that  the  power  of  the  engine,  with  regard  to  its  convenient 
application  to  the  carriage,  may  be  varied,  by  changing  the  relative  velocity  of 
rotation  of  the  wheels  W  compared  with  that  of  the  axis  S,  by  shifting  the 
gears  or  toothed  wheels  for  others  of  different  sizes,  properly  adapted  to  each 
otiier  in  variotu  ways,  which  will  readily  be  adopted  by  any  person  of  competent 
•Ul  iii  machinery.  The  body  of  the  carriage  M  may  be  made  of  any  conve- 
nient size  or  figure,  according  to  its  intended  uses.  And,  lastly,  we  do  occa- 
lionaliy  use  bellows  to  excite  the  fire,  and  the  said  bellows  are  worked  by  the 
piston-rod  or  crank,  and  may  be  fixed  in  any  situation  or  part  of  the  several 
eoginet  herein  described,  as  may  be  found  most  convenient.'  Such  admirable 
conbiiiations  of  inventive  skill  were  never  before  contained  in  the  specification 
<^s  patent ;  yet  they  are  described  with  that  unassuming  brevity  which  belongs 
to  matters  of  common  occtirrcnce.  What  an  extraordinary  contrast  does  the 
modesty  of  these  truly  clever  men  present,  when  compared  with  the  boastings  of 
leveral  of  our  recent  locomotionists,  who  have  derived  almost  every  thing  that  is 
of  I  useful  character  in  their  carriages  from  the  foregoing  specification,  and 
from  the  subsequent  practical  application  of  the  inventions  by  the  patentees 
themselves.  There  are  thousands  of  persons  now  living  in  London  who  saw 
*he  iteam-coaches  of  Messrs.  Trevithick  and  Vivian  running  about  the  waste 
pound  in  the  vicinity  of  the  present  Bethlehem  Hospital ;  and  likewise  in  the 
neighbourhood  or  site  of  Euston  Square.  This  was  thirty-four  years  ago; 
nevertheless.  Dr.  Lardner  says,  at  page  2-16  of  his  Treatise  on  the  Steam-engine, 
''Fintand  most  prominent  in  thenistory  of  the  a])plication  of  steam  to  the  pro- 

ging  of  carriages  on  turnpike  roads,  stands  the  name  of  Mr.  Goldsworthy 
rney Numerous  other  projectors,  as  might  have  been  expected,  have 

Wlowed  in  his  wake.  Whether  they,  or  any  of  them,  by  better  fortune, 
fitter  pubUe  support,  or  more  powerful  genius,  may  outstrip  him  in  the  career 
M  which  he  has  ventured,  it  would  not  perhaps  at  present  be  easy  to  predict. 
But  whatever  may  be  the  event,  to  Mr.  Gumey  is  due,  and  will  be  paid,  the 
"Onour  of  first  proving  the  practicability  of  the  project ;  and  in  the  history  of 
ve  adaptation  of  the  locomotive  engine  to  common  roads,  his  name  will  stand 
Wfere  aQ  others  in  point  of  time ;  and  the  success  of  his  attempts  will  be 
"Morded  as  the  origin  and  cause  of  the  success  of  others  in  the  same  race."  We 
wr  not  to  what  cause  to  attribute  such  an  obvious  misstatement  of  facts ;  for 
itii  impossible  for  any  one  who  attends  to  the  chronology  or  history  of  the  sub- 
M  not  to  see  at  once  that  there  are  about  as  many  untruths  in  this  panegyric 
*i  there  are  lines.     It  is  extremely  painful  to  us  to  make  these  observations 


*OBoars  of  those  truly  eminent  mechanics,  Trevithick  and  Vivian,  be  not  thus 
^Mrilfgionsly  trampled  in  the  dust ! 

Mr.  Gurney's  first  patent  for  a  steam-carnage  was  in  the  year  1825,  and  will 

it  linnid  described  in  its  proper  cluronological  position.     We  will,  however,  in 

^  place,  merely  observe,  that  the  mechanic  who  peruses  the  said  specification, 

^  mstantly  recognise  the  chief  arrangements  of  Trevithick  and  Vivian ;  and 

Vhe  reads  on  to  the  end  of  the  specification,  he  will  find  that  the  sole  claims  to 
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invention  in  this  ffeam-carriage,  are  in  the  words  following  i-^"  I  claim  the  nst 
of  a  roUer  or  rollers,  wheel  or  wheels^  to  the  upper  ends  of  my  said  propelltrn, 
reacting  against  a  straight  and  smooth  rail  or  plane  affixed  under,  and  being  a 
part  of  the  carriage,  such  rail  or  plane  being  parallel,  or  nearly  20,  to  the  soles 
or  bottom  of  the  carriage  wheels,  whereby  the  carriage  itself  is  enabled  to  be  rolled 
over  the  upper  ends  of  the  said  propellers,  crutches,  or  feet,  by  the  mechanical 
power  employed."  It  is  worthy  of  observation,  that  however  a  patentee  mav 
be  disposed  to  vaunt  and  puff  before  the  "enlightened  public,"  there  is  too  much 
risk  attending  the  making  of  unfounded  pretensions  in  the  specification  of  a 
patent,  wherein  the  claims  to  invention  must  be  exactly  defined;  for  if  any  thing 
be  claimed  that  is  not  new,  the  whole  patent  is  thereby  rendered  void.  In  tha 
claitfiSf  therefore,  of  a  specification,  we  look  for  the  naked  truth  ;  and  in  thit 
case  we  find  it  to  be  not  a  steam-carriage,  but  a  useless  roller  put  under  th« 
body  of  the  vehicle !  These  appendages,  however,  of  guide  rollers,  it  may  be 
remarked,  were  first  applied  to  preserve  the  rectilineal  motion  of  the  piston-rod 
in  the  beautiful  high-pressure  engines  of  Trevithick  and  Vivian,  and  they  have 
been  applied  in  a  thousand  similar  ways  ever  since.  Mr.  Gumey  thinks,  how- 
ever, that  nobody  put  rollers  to  their  crutches  before  him,  and  that,  conse- 
quently, he  invented  «/«af7i-carriages.  And  can  it  be  for  proposing  to  use  these 
crutches,  wliich  it  is  notorious  were  long  before  patented  and  used,  and  found 
wanting,  (by  Brunton,  in  1813,  Baynes,  in  1820,  Gordon,  in  1824,  &c)  that 
Dr.  Lardner  scatters  to  the  winds  all  the  skill  and  talent,  not  only  of  the  gen- 
tlemen we  have  named,  but  of  all  others  who  preceded  Mr.  Gumey  in  the 
building  of  steam-carriages !  The  inquiry  naturally  follows,  what  became  of  the 
celebrated  crutches  of  **  the  powerful  genius  ?"  To  answer  it,  we  have  referred  to 
Mr.  Alexander  Gordon's  interesting  Treatise  on  Elemental  Locomotion^  and  we  there 
find  it  stated  at  page  55,  that  they  were  "  entirely  abandoned,  the  wheel  being 
found  not  only  to  be  sufficient  for  impelling  the  carriage,  but  also  to  allow  con- 
siderable free  traction."  Now  it  is  of  importance  to  notice,  that  although  Trevithick 
and  Vivian  stated  in  the  plainest  language  in  their  specification,  twenty -four  years 
prior,  that  the  ordinary  wheels  alone  were  sufficient  to  propel ;  Dr.  Lardner 
and  other  writers,  nevertheless,  lead  their  readers  to  suppose  that  Trevithick 
and  Vivian  were  the  authors  of  this  error.  At  page  247  of  his  Treatise^  the 
Doctor  observes, — ''  The  mistake  which  so  long  prevailed  in  the  application  of 
locomotion  on  railroads,  and  which,  as  we  have  shown,  materially  retarded  the 
progress  of  that  invention,  was  shared  by  Mr.  Gurney.  Without  reducing  the 
question  to  the  test  of  experiment,  he  took  for  granted,  in  his  first  attempt^ 
that  the  adhesion  of  the  wheels  to  the  road  was  too  slight  to  propel  the  car* 
riage.  He  was  assured,  he  says,  by  eminent  engineers,  that  tnis  was  a  point 
settled  by  actual  experiment.  It  is  strange,  however,  that  a  person  of  his 
quickness  and  sagacity  did  not  inquire  after  the  particulars  of  these  actual 
experiments.  So,  however,  it  was ;  and  takine  for  granted  the  inability  of  the 
wheels  to  propel,  he  wasted  much  labour  and  skill  in  the  contrivance  of  leven 
and  propellers,  which  acted  on  tlie  ground  in  a  manner  somewhat  resembling 
the  feet  of  horses,  to  drive  the  carriage  forward.  After  various  fruitlesi 
attempts  of  this  kind,  the  experience  acquired  in  the  trials  to  which  they  gave 
rise,  at  lust  forced  the  truth  upon  his  notice,  and  he  found  that  the  adhesion  of 
the  wheels  was  not  only  sufficient  to  propel  the  carriage  heavily  laden  on  kfvtl 
roads,  but  was  capable  of  causing  it  to  ascend  all  the  hills  which  occur  on  ordi- 
nary turnpike  roads."  This  unqualified  admission,  by  Dr.  Lardner,  of  iht 
entire  uselessness  of  the  only  invention  claimed  by  Mr.  Gumey  in  his  patert 
steam-carriage  of  1825,  also  shows  that  the  Doctor  conceived  that  Mr.  Gumcf 
was  the  individual  who  "  found  out"  this  error  of  '*  eminent  enniieers;*'  wbcren 
the  fact  is  incontrovertible  that  hundreds  of  thousands  of  miles  had  been  pie* 
viously  travelled  with  plain  wheels  upon  railways,  where  the  adhesion  of  the  former^ 
to  the  surface  is  not  one-tenth  of  that  upon  the  common  road.  It  also  shows  tfaats- 
the  learned  author  was  entirely  unacquainted  with  the  many  plans  for  locorootioa^ 
by  numerous  ingenious  men  (hereafter  noticed)  who  never  entertained  the  k' 
that  the  adhesion  of  the  wheels  upon  the  surface  was  insufficient  to  propeL  / 
thus  it  appears  that  he,  whose  brilliant  talents  we  are  told  had  dispelled  an 
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0f  darkneaiir  was  the  only  individual  who  coold  not  see  the  perfect  inutility  of 
confessedly  his  mdy  contrivance  in  the  specification  to  which  we  have  alluded ; 
and  for  which  he  has  been  called  the  inventor  of  ff^an^-carriages !  We  mnst, 
bovever,  terminate  this  digression  from  the  path  we  set  out  upon,  by  making 
mother  extract  from  Dr.  Lardner's  Treatise ;  the  first  portion  of  which 
(page  179)  we  are  pleased  to  add,  because  the  admirable  clearness  with  which 
the  knowledge  it  conveys  is  given,  is,  in  some  degree,  compensatory  for  the 
latter  part,  to  which  our  complaint  alluded.  **  It  is  a  singular  fact,  that  in  the 
biitoiyof  this  invention  considerable  time  and  great  ingenuity  were  vainly 
expended  in  attempting  to  overcome  a  difficulty  which,  in  the  end,  turned  out 
to  be  purely  imaginary.  To  comprehend  distinctly  the  manner  in  which  a 
wheel  carriage  is  propelled  by  steam,  suppose  that  a  pin  or  handle  is  attached 
to  the  spoke  of  the  wheel  at  some  distance  from  its  centre,  and  that  a  force  is 
aoplied  to  this  pin  in  such  a  manner  as  to  make  the  wheel  revolve ;  if  the  face 
or  the  wheel  and  the  surface  of  the  road  were  absolutely  smooth  and  fi'ee  from 
friction,  so  that  the  face  of  the  wheel  would  slide  without  resistance  upon  the 
nad,  then  the  effect  of  the  force  thus  applied  would  be,  merely  to  cause  the 
wheel  to  turn  round ;  the  carriage,  being  stationary,  the  surface  of  the  wheel 
would  slip  or  slide  upon  the  road  as  the  wheel  is  made  to  revolve.  But  if,  on 
the  other  hand,  the  pressure  of  the  face  of  the  wheel  upon  the  road  is  such  as  to 
Piodace  between  them  such  a  degree  of  adhesion  as  will  render  it  impossible 
lor  the  wheel  to  slide  or  slip  upon  the  road  by  the  force  which  is  applied  to  it, 
^  consequence  will  be,  that  the  wheel  will  only  turn  round  in  obedience  to 
the  force  which  u  applied  to  it ;  the  consequence  will  be,  that  the  wheel  will  roll 
upon  the  road,  and  the  carriage  will  be  moved  forward  through  a  distance  equal 
to  the  circumference  of  the  wheel  each  time  it  performs  a  complete  revolu- 
tion. It  is  obvious  that  both  of  these  effects  may  be  partially  produced ;  the 
idheiion  of  the  wheel  to  the  road  may  be  insufficient  to  prevent  slipping  alto- 
I  pether,  and  yet  it  may  be  sufficient  to  prevent  the  wheel  from  slipping  as  fast  as 
\_  It  revolves.  Under  such  circumstances  the  carriage  would  advance,  and  the 
\  wheel  would  slip.  The  progressive  motion  of  the  carriage  during  one  complete 
\  ftrohition  of  the  wheel,  would  be  equal  to  the  difference  between  the  complete 
[.    circQjiiferenee  of  the  wheel  and  the  portion  through  which,  in  one  revolution,  it 

!bs  slipped. 
''Wnen  the  construction  of  travelling  steam-engines  first  engaged  the  attention 
e.     Cif  engineers,  and  for  a  considerable  period  afterwards,  a  notion  was  impressed 
\     t^  thebr  minds  that  the  adhesion  between  the  face  of  the  wheel  and  tne  sur- 
«Bs  of  die  road  must  necessarily  be  of  very  small  amount,  and  that  in  every 
Inetical  case  the  wheels  thus  driven  would  either  slip  altogether,  and  produce 
^  advance  of  the  carriage,  or  that  a  considerable  portion  of  the  impelling 
pawer  would  be  lost  by  the  partial  slipping  or  sliding  of  the  wheels.     It  is  sin- 
tldsr  that  it  should  never  nave  occurred  to  the  many  ingenious  persons  who, 
■V  several  years,  were  engaged  in  such  experiments  and  speculations,  to  ascer- 
Wb,  by  experiment,  the  actual  amount  of  adhesion  in  any  particular  case 
Wireen  the  wheels  and  the  road.     Had  they  done  so,  we  should  probably  now 
We  found  locomotive  engines  in  a  more  advanced  state  than  that  to  which 
^Wy  have  attained.  To  remedy  this  imaginary  difficulty,  Messrs.  TrevUhick  and 
'mm  proposed  to  make  the  external  rims  of  the  wheels  rough  and  uneven,  by 
^mowiaing  them  with  projecting  heads  of  naib  or  bolts,  or  by  cutting  traiis- 
^ios  grooves  on  them.    They  proposed,  in  cases  where  Considerable  elevations 
^«f  to  be  ascended,  to  cause  claws  or  nails  to  project  from  the  surface  during 
^  tseent,  so  as  to  take  hold  of  the  road."     Now,  if  the  specification  of  these 
1     ^BRd  men  be  referred  to  (see  page  389),  it  vdll  be  observed  that  the  imaginar 
[      «B  of  oitr  author  has  helped  him  in  his  statement ;  that  it  is  only  in  peculiar 
^     *Mct  that  they  proposed  to  put  into  action  their  beautiful  contrivance  o(  the 
t    during,  or  ribbed  wheels  and  raib,  the  use  of  which  in  ascending  inclined 
|:    lines  is  unquestionable,  especially  as  the  latter  were  constructed  then  of  much 

rter  declivities  than  they  are  usually  now :  and  to  prevent  any  mistake  in 
matter,  they  distincdy  declare,  *'  that  in  general  the  ordinary  structure  or 
»  Jgve  of  the  external  ntrface  of  these  wheels  wUl  be  found  to  answer  the  intended 


piirpoit!"  All  eommenta  on  such  fscb  are  unDecenuy;  we  Amfi 
pTDcred  ta  give  ths  Tender  another  and  very  early  modilicmtion  of  Hmi 
Trevilh[ck  and  Vivian '■  pal«nt  locDinotive  carriage,  ai  it  wu  applied  npaa 
very  indifferent  Iramroad ;  in  which  carria^,  ai  in  tlie  former,  the  pT^uUi 
TBI  effecled  solely  by  ths  adhesion  of  plain  wheels  Upon  the  tranu;  Dm 
theleu,  on  iU  lint  trial,  it  drew  ten  tons  of  bar  iron  after  it,  besidei  the  carrii|t 
for  nine  milra,  al  the  rate  of  live  mileB  an  huur,  without  itopping  once,Mi 
therefore,  carried  beside,  a  iieary  IobiI  of  water  and  fuel.  The  ninor  atnifi 
menta  of  thi*  carriage  have  been  variously  described  by  different  autberilia 
owing  probably  to  the  circumatance  that  several  carriages  were  built  attbelB 
poisessiiig  tbeae  variation!;  but  the  following  vettical  section  conveys  allk 
teems  to  be  essentially  required.  The  boiler  a  a  is  cylindrical,  with  a  fire-^M 
■t  i  at  one  end  of  the  cylinder ;  at  c  is  the  fireplace,  from  which  is  the  prio^ 
flue,  the  parts  being  ibown  by  dots,  as  they  are  supposed  to  be  situated  00  at 
side  of  ihe  vertical  plane,  through  which  our  section  it  made )  which  will  be  pr 
feetly  understood  by  reference  to  the  plan  of  the  fireplace  and  fluea  given  ia  m 


•ccoiint  of  the  Saiu  Pareil  engine  by  Hackworth.  Tha  fine,  thel«ftf%  t 
turned  at  e,  then  recurved,  and  continued  to  the  chimney  cr.  ^  this  cndM 
arrangement  (invented  by  the  patentee,  and  which  hiu  ever  siaca  tM 
distinguiihed  by  the  name  of  the  Tmitiuek  boiler)  a  great  economy  «f  l> 
was  eflecled,  as  the  greater  portion  of  .the  heat  must  inevitably  M  tii 
up  by  the  water.  The  lower  part  of  the  working  cylinder  k  is  iraliH* 
in  the  bailer,  and  the  upper  has  a  jacket,  around  which  the  fresh  hot  ikM 
circulates  freely,  so  that  no  leas  of  power  can  be  sustained  by  tht  CMfii 
iiifluence  of  the  air  upon  the  cylinder,  as  was  previoualy  the  can.  Ah* 
the  cylinder  is  the  ioiir-way  cock  i,  for  admitting  and  dischargi^  i 
alternatelv;  in  the  latter  operation  the  waste  steam  was  dnchaM 


along  a  pipe  j  into  the  chimney,  which  contiiranee  alone,  if  noi 

would  make  the  inventor  rich;  since  its  great  efiicaeyin  increaaing  tke  diM| 


BOW  of  indiiMnsable  necesaity.  Tbe  upper  end  of  tho  puton  rod  ii  fumiibed 
■idi  (  crcu  bar,  which  ii  pUced  in  a  direction  at  right  aaelei  to  the  length  of 
iht  boiler,  mnd  also  to  tne  piston  rod.     Tfaii  bar  ii  guided  in  iti  motion  by 


U:|in  two  peqKudicuIar  rods  fixed  to  the  aides  of  the  boiler,  and  parallel  to 
EKh  Diber.  To  the  ends  of  this  cross  bar  are  joined  two  coanecting  rods,  tha 
lover  ends  of  which  work  two  cranks,  fixed  to  the  eitremilies  of  the  axil  which 
ma  the  running  wheels,  the  axis  extending  acrois  and  beneath  the  boiler, 
nd  iaunediately  under  the  centre  of  the  steam  cylinder  :  this  arrangcmeDt 
■  butieeniD  fig.  1  of  the  following  diagrams,  extracted  from  Mr.  Alexander 
Gordon's  TVealiie  on  ElemetUal  Locomotion ;  Fig.  1  exhibiting  aii  end  elevation 
of  the  carriage,  and  Fig.  2  a  side  elevation  of  the  same.  Mr.  Gordon  has,  how- 
erer,  emitted  die  chinuiefi,  probably  for  want  of  space;  and  the  eduction  pip* 


*  diown  as  tumed  up  vrrtically  to  paff  the  steam  into  the  air  instead  of  Into 
•M  dlimney ;  which  Mr.  Gordon  afterwards  states  was  an  invention  of  Mr.  Tre- 
lAiek's,  hut  that  the  latter  had  "  no  intention  or  expectation  of  improving  the 
■Mi^t  in  the  chimney  thereby. "  From  the  hieh  tetpect  we  entertain  towards 
h«  anthor,  we  regret  that  such  an  unfair  remark  should  have  escaped  bim  :  it 
^  (ktrefere,  with  aome  aatitfaction  that  we  observe,  on  the  next  page  of  his 
Bi^  the  following  acknowledgment  in  favour  oT  the  true  inventor  of  iteam- 
kii^gea:— 

"  It  will  not  be  a  matter  of  surprise,  that  at  a  period  a/ien  turt^Ht  road* 
Mf  acnr  iO  maJt,  after  eiperimeDting  on  the  present  site  of  Euston  Square, 
■d  a  few  other  places,  the  inventor  discontinued  his  attempts  on  common 
mia,  and  confined  his  operations  to  a  railway."  Those  "very  ill-made  roads" 
IM  now  become  converted  into  what  the  clever  Colonel  Maceroni  aptly  deno- 
Mlaa  "billiard-table  roads;"  and  it  is.a matter  of  fact,  that  (kimey 'a  carriages, 
tim  in  every  tuenliai  respect  after  Trevitbick's  models,  did,  occasionally,  rtm 
m_  II.  3d 
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upon  them ;  and  go  did  the  carriages  of  many  other  locomotionista ;  some  pr 
some  subsequent  to  Gurney ;  some  decidedly  superior  to  his,  and  all  thoae  I 
were  inferior,  were  incapacitated  from  proceeding  beyond  preparatory  trials^ 
the  want  of  that  material  with  which  gentlemen  of  fortune,  toen  unacquaio 
with  steam  locomotion,  had  so  lavishly  furnished  Mr.  Gurney.  Notwithstand 
all  these  indisputable  facts,  we  find  Mr.  Gordon  coinciding  with  Dr.  Latdi 
in  ascribing  every  thing  to  the  inventive  genius  of  Mr.  Gurney;  in  defiance^  i 
of  their  own  admission,  that  the  carriage,  which  they  necessarily  infer  eoaU , 
run  Although  it  <&i^  on  the  site  of  Euston  Square),  when  tranderred  to  a  eo 
mon  Welch  tramroad  of  1804,  drew  after  it  as  many  waggons  in  additkn 
contained  ten  tons  of  bar  iron,  besides  a  heavy  load  of  water  and  fuel,  makii 
in  all  probably  about  20  tons.  This  fact  being  admitted  by  the  anthon  ji 
quoted,  it  becomes  of  importance  to  show  their  consitUnc^f  in  strippiog  i 
laurels  from  the  head  of  Trevithick,  to  deck  that  of  Gurney.  By  refereaM 
Mr.  McNeill's  table  of  resistances,  eiven  by  Mr.  Gordon  at  pase  337  of  I 
work,  it  vrill  be  seen  that  upon  the  nest  broken  stone  road  (such  as  Gunie] 
carriages  ran  upon)  it  requires  a  tractive  power  of  43  lbs.  to  move  one  fa 
upon  a  level.  To  ascertain  what  force  is  required  to  move  the  same  lot 
upon  a  common  tram-road,  we  refer  to  Mr.  Palmer's  experiments  oa  tl 
Lianelly  and  Surrey  tram-roads,  the  former  of  which  he  found  by  his  dynani 
meter  to  be  cne-fifty-ninth  of  the  weight,  and  the  latter  one-sixtieth  of  tl 
weight  Now  one-sixtieth  of  a  ton  is  37|  lbs. ;  the  force  required  to  moi 
a  ton  upon  the  last  mentioned  is  therefore  only  about  two-fifleentbi  le 
than  on  Mr.  McNeill's  best  roads.  According  to  these  data  (the  only  da 
which  we  can  find)  it  is  incumbent  on  Messrs.  Gordon,  Lardner,  and  M'Neil 
(the  latter  gentleman  being  guilty  of  the  same  idolatry  as  the  former)  i 
show  that  Mr.  Gurney 's  carriage  was  competent  to  draw  after  it,  upon  M 
M'Neill's  road,  the  same  load  as  that  drawn  by  Trevithick's  upon  the  tramwa; 
minus  the  aforesaid  difierence  of  two-fifteenths.  These  gentlemen  wfll 
course  not  attempt  any  thing  of  the  kind,  for  they  must  know  well,  that  wbit 
thousands  of  our  readers  have  often  witnessed,  that  Gumey's  carriage  gen* 
rally  had  its  full  work  to  do,  without  any  tail  at  all.  These  gentlemen  wi 
surely  not  dispute  their  own  data,  nor  say  that  Messrs.  M'Neul  and  Falmi 
made  their  dynamometers  incline  to  their  own  'views.  Let  them,  howere 
estimate  the  errors  how  they  please ;  they  cannot,  by  any  established  di 
founded  upon  authenticated  disinterested  experiments,  show,  that  a  light  ites; 
carriage,  which  performed  the  work  they  admit  Trevidiick's  did  upon  the  tmi 
would  not  be  able  to  run  upon  our  present  roads  better  than  Gurney 's  did;  0 
at  the  least,  quite  as  well.  We  may,  therefore,  confidently  expect,  that  t  dt 
sense  of  justice  will  induce  these  eminent  authors,  in  the  next  editions  of  tixi 
valuable  works,  to  insert,  instead  of  the  name  of  Gurney,  that  "  TaBfiTBicf  > 
name  stands  before  all  others  m  point  of  time,  and  his  admsrabie  kij^  fnmf^ 
engines  and  locomotive  carriages  will  be  recorded  as  the  origin  msd  emae  ^tl^ 
success  of  others  in  the  same  pursuits" 

We  described  at  page  381,  the  edge-rail  of, the  Peniyhn  ilate  miarTiei;  U 
it  appears  from  a  letter  inserted  in  the  Repertory  of  Arts,  that  tne  infB 
Mr.  Benjamin  Wyatt,  subsequently  pro- 

fosed  to  make  some  idterations  therein, 
t  was  found  that  the  oval-formed  rail 
had  a  tendency  to  wear  the  concave 
rims  of  the  wheeb  away  very  fast  into 
hollows,  which  fitted  so  tieht  upon  the 
rail  as  to  create  great  mcdon,  and 
render  it  necessary  to  change  the 
wheels  very  often.  It  was  accordingly 
proposed  to  substitute  for  them  a  rail 
and  wheel  formed  in  the  manner  re- 
presented in  the  annexed  drawing.  Fig.l 
is  a  section  of  the  rail,  rim  of  wheel, 
and  sill.     Fig.  2,  a  plan  of  one  end  of 
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(HI,    Fig.3,  Kctina,  on  n  smalle 

mlc,  Drboth  raila  and  lilla,  w    ch 

•n  ml}'  two  feet  apart.     The  ra  1 

a  ii  4  tett  6  inches  long  ;   i  e  a 

flu^  2  inchct  long,  cut  to  each 

nd  of  tluul,   to  ilide   into  tli» 

^UU  of  the  fill  <  ;  e  ii  tl  e  i 

uiviif  cut-iron;  the  nrheeli  c 

ibn  of  cut-iron,  railj  14  inchel  id  diameter,  and  neigh  38  Iba.  each. 

In  Ibe  j«ar  1311,  a  patent  was  t^en  out  by  Mr.  John  Blenkinuip,  cwl 
liemt,  of  Middleton,  in  Yorkihire,  for  "certain  mechanical  mean)  by  which 
iIm  canvejance  of  coala,  minerals,  and  oilier  articles  is  fiicilitated,  and  tlie 
upcnte  altendbg  the  aame  rendered  leas  than  heretofore."  The  tpeciRcation 
rf  thit  patent  infonni  us  that  it  consints  of  the  application  of  a  rack  or  toothed 
tiA,  laid  down  on  one  side  of  the  roadiray  from  end  to  end.  Into  this  rack  a 
lootlitd  wheel  ii  worked  by  the  steam-engine ;  the  revolution  of  which  wheel 
pduces  the  necenary  motion,  without  being  liable  to  slip  in  descending  a 
■Mp  inclined  plane. 

Tm  occooipanying  figure  will  convey  to  our  readers  an  idea  of  Mr.  Bleiikin- 


W'plap.     The  boiler*  is  placed  on  a  wooden  or  oast-iron  frame  ».    Through 
^Rrierior  paues  a  wrought-iron  tube,  of  sufficient  diameter  to  hold  the  fire 


*^tcting  rods  are  brought  down  oi 
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to  the  cranks  c  c,  (tliere  being  corresponding  cranks  on  the  other  side  of  th 
machine,)  which  are  placed  at  right  angles  to  each  other;  consequently  the  two 
cranks  on  the  first  shaft  are  horizontal,  and  at  their  greatest  power  at  the  tine 
the  other  two  are  passing  the  centre.     Upon  these  shafts  are  fixed  (under  the 
boiler)  two  small  toothed  wheels,  which  give  motion  to  a  larger  toothed  wheel 
fixed  upon  an  intermediate  axis.     A  toothed  wheel  /  is  firmly  keyed  to  the  end 
of  the  same  and  revolves  with  the  intermediate  wheeL  The  teeth  of/corr^pood 
with,  and  work  into  a  rack  R  R,  stretched  along  one  side  of  the  railway. 
Motion,  therefore,  is  given  by  the  pistons  to  the  wheels  dd,  which  they  commu- 
nicate to  the  cog-wheel/r  a  progressive  movement  being  given  to  the  carriage  by 
the  teeth  of  /  taking  hold  of  tne  rack. 

The  only  objection  made  to  this  machine  by  Mr.  £.  Galloway  is,  "  that  the 

Sower  is  applied  on  one  side  only,  which  must  have  a  tendency  to  force  tbe 
angfes  or  projecting  rims  of  the  supporting  wheels  against  the  edges  of  the 
rails,  by  which  an  extra  friction  would  be  produced.   This,  however,  is  a  trifling 
inconvenience,  and  is  not  found  in  practice  to  deduct  much  from  the  effect  i 
the  engines,  several  of  which  have,  since  the  date  of  the  patent,  been  in  con- 
stant use  in  drawing  coal  waggons  between  Middleton  colliery  and  Leeds." 
The  ingenious  M^.  Galloway  observes,  that  by  this  machine  a  load  may  be 
drawn  up  a  much  greater  declivity,  than,  by  the  locomotive  of  Messrs.  Treri' 
thick  ana  Viviaa.     But  this  observation,  which  appears  to  be  repeated  by  ereiy 
author  on  locomotion  in  succession,  only  serves  to  show,  that  they  never  read 
the  specification  of  those  able  engineers ;  otherwise,  it  would  be  readily  per- 
ceived that  the  ''cross-grooved"  peripheries  of  the  wheels,  and  the  suitable 
^fittmgt  to  raUroads"  had  reference  to  this  very  invention  of  Blenkinsop's.    It 
however  seems  that  those  eminent  men  were  not  only  deprived  of  the  in^ 
reward  of  their  labour  and  talents,  but  that  they  were  on  all  hands  subjected  to 
the  mortification  of  seeing  their  beautiful  inventions  ascribed  to  alleiH»mers, 
by  whom,  or  their  friends,  those  very  inventions  were  actually  employed  to  dis- 
parage the  real  inventors ! 

Mr.  Partington,  in  his  history  of  the  steam-eneine,  says,  that  Mr.  BIeiikinso|H 
in  reply  to  queries  put  to  him  by  Sir  John  Sinclair,  stated  that  his  patent  loco- 
motive engine,  with  two  eight-inch  cylinders,  weighs  five  tons ;  consumes  two* 
thirds  of  a  hundred-weight  of  coals,  and  fifty  gallons  of  water  per  hoar ;  dnf* 
twenty-seven  waggons,  weighing  ninety-four  tons,  on  a  dead  level,  at  three  n' 
a  half  miles  per  hour ;  or  Steen  tons  up  an  asoent  of  two  inches  in  the  jaid; 
when  ''  lightlv  loaded  "  it  travels  ten  mUes  an  hour,  does  the  work  of  sixtea 
horses  in  twelve  hours,  and  costs  400^ 

In  the  following  year,  1812,  Messrs.  William  Chapman,  of  Dnrham,  io^ 
E.  W.  Chapman,  of  Wallsend,  Northumberland,  toox  out  a  patent  Ibr  "> 
method  or  methods  of  facilitating  the  means,  and  reducing  the  expenae,  of  ctf* 
riage  on  railways  and  other  roads ;"  which  thev  describe  as  chiefly  comiatiiig* 
the  use  of  a  chain,  or  other  flexible  and  cohtmaous  substance  stretebed  iMf 
the  road  to  be  travelled,  properly  secured  at  each  end,  and  at  suitable  internli; 
and  in  the  application  of  this  chain  round,  or  partiaUy  round  a  grooved  bsRV 
or  wheel,  in  such  manner  as  not  to  slip  when  this  grooved  whed,  whleb  i^b^ 
upon,  before,  or  behind  a  carriage  containing  the  motive  power,  ihall  be  piA* 
motion  by  that  power,  so  that  by  the  revolution  of  the  groowed  barrel  romidiii 
axis,  either  one  way  or  the  other,  it  shall  necessarily  ch«w  the  said  canriiige^  fd 
any  others  which  may  be  attached  to  it,  within  its  power  of  actuni.  As  ^ 
carria^  containing  the  motive  power,  when  thus  loaded,  may  be  too  U'VTi' 
some  instances  for  the  existing  iron  or  wooden  rails,  if  it  rested  on  four  wInp 
only,  Messrs.  Chapman  proposed  to  use  six  or  eifht  wheela,  in  order  that  tb(f 
might  naore  freely  move  round  curves  in  the  road,  and  that  the  weight  nlgM^ 
more  distributed  thereon ;  the  pressure  being  thus  reduced  upon  eadi  ^^'^"^ 
point,  in  the  inverse  proportion  of  the  number  of  wheels.  The  means  sioptf 
by  the  patentees  for  carrying  their  invention  into  effect,  are  described  at  ooi^ 
derable  length,  with  explanatory  drawings,  in  their  specification ;  but  as  Mr.W«» 
informs  us  that  the  application  of  it  fiuled  at  the  Heaton  Colliery,  where  it  *» 
for  a  time  put  into  practical  operation,  and  as  the  details  of  it  would  occupy  <* 


I  ewinr  to  the  vasti  of  pnver  art>ing  from  the  eiceuive  friction  of  the 
a.  Tmk  are  one  or  two  inciitental  obteivationa  in  the  speeiRcation  which 
It  not  perhapl  to  pau  unnoticed.  Alluiion  ia  made  to  the  possibility  of 
laying  iHjIammable  gat  n  the  motive  power,  which,  moet  of  our  reeden  are 
•*,  wu  a  few  yean  uo  earned  into  effect  by  tlie  ingenioui  Samuel  Brown, 

wbicb  we  propose  to  describe  in  the  eoune  of  this  article.  We  also  Temark, 
Migli  it  is  of  little  moment,  tbat  the  specIficatiDn  contain!  the  first  propoii- 

wa  haTe  met  with  for  employing  the  common  winnowing  machine  to  force 
nrent  of  air  under  the  fire-place.  The  annexed  engraving  exhibits  an 
'ation  of  one  of  the  locomotive  engines  oF  Messrs.  Chapman,  which   was 


•kfed  on  the  Heaton  Colliery.  The  boiler  consistt  of  a  large  cylinder,  of 
iTraritbick  kind,  with  the  furnace  and  a  double  or  return  flue  passine  through 
letbe  chimney,  situate  on  one  side  of  the  fire  door;  oppoiila  to  which  is  a 
M  amtaming  the  fuel  of  supply.  The  steam  chamber  is  a  large  vertical 
fader,  from  which  proceeds  laterally  apipe  to  conduct  the  steam  to  two  ver- 
il  ejilindei*,  fixed  on  either  side  of  the  boiler.  The  motion  of  the  piston 
h  aettiated  two  vibrating  beams,  to  which  were  appended  two  connecting 
k  wheae  lower  eitr«miliea  worked  two  revolving  cranks,  carrying  on  their 
^^nrgeer,  which,  through  the  medium  of  strain  of  toothed  wheels,  shown, 
It  ■mnilaneoQs  motion  to  all  the  running  wheels.  The  weight  of  tliis 
^tt,  with  its  water  and  fuel,  we  are  informed  was  six  tons ;  and  it  was  set  to 
ik  in  December  1812,  upon  the  railway  leading  from  Mr.  J.  G.  Lambton'i 
Mm  to  the  river  Wear.  It  drew  after  it  IB  loaded  coal  waggons,  weighing 
tOB^  np  a  gentle  ascent  rising  1  of  an  inch  to  a  yard  (or  46  fret  in  a  mile) 
fte  rata  of  four  miles  an  hour.      The  power  of  the  engine  wa*  applied  to  the 
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running  wheels  as  already  described ;  and  it  was  found  that  their  resiitanoe 
blippingupon  the  rails  was  the  utmost  power  it  could  exert  in  drawing  waggi 
after  it,  which  in  this  instance  was  carried  to  the  extreme ;  for  although  I 
.  friction  was  equal  to  the  drawing  forward  the  train  of  eighteen  waggons,  igf 
they  werefturty  in  motion,  it  did  not  overcome  their  taf  inertia  until  alfter  act 
siderable  sluing  of  the  wheels  of  the  carriage. 

We  have  introduced  this  notice  of  the  earliest  experiment  made  with  t 
engine  of  the  Messrs.  Chapman,  because  it  exemplifies,  in  the  clearest  miniM 
that  precise  inclination  of  the  plane  upon  which  the  smooth  wheels  of  a  caixiif 
bearing  a  certain  weight,  will  slip  round,  without  advancing  the  machine 
also  proves  the  necessity  in  such  cases  of  increasing  the  friction  of  the  opponi 
surfaces,  either  by  augmenting  the  weight,  or  by  some  contrivance  resemUto 
those  suggested  by  Trevithick  in  his  specifications,  which  Dr.  Lardner  repeated) 
in  the  course  of  his  work  treats  as  an  absurd  attempt  to  remedy  an  "  imagina 
difficulty." 

From  all  the  information  that  we  can  glean  in  tracing  out  the  early  hittor 
of  locomotion,  this  remarkable  circumstance  constantly  presents  itself,— tin 
when  Trevithick 's  carriages  with  smooth  wheels  were  employed  upon  levels,  o 
slightly  inclined  planes,  invidious  comparisons  with  others  having  cogs  wei 
made  against  the  former,  because,  as  was  asserted,  they  slipped  and  could  n( 
ascend  such  acclivities  as  the  latter ;  and  this,  notwithstanding  Trevithick  fir 
suggested  by  his  '*  cross  grooves  and  fittings  to  railroads"  the  very  principle  ( 
the  cogs,  in  a  less  objectionable  form,  and  *'  all  other  appliances  to  boot"  of  H 
engine  and  boiler,  contained  in  the  said  locomotive !  Tnus  Trevithick  lost  man 
orders,  and  they  were  given  to  those  who  adopted  all  the  essentials  of  his' plan 
without  acknowledgment,  and  employed  them  as  the  basb  of  their  structure 
And  when,  after  the  lapse  of  years,  it  was  found  out  by  these  gentlemen  th 
smooth  wheels  had  sufficient  *'  bite  "  of  the  rail  in  most  circumstances,  tbf 
made  that  fact  appear  to  be  their  own  discovery ;  notwithstanding  it  is  stated  i 
Trevithick's  specification  of  1802,  and  was  confirmed  by  his  practice ;  .wbi( 
practice  they  at  first  condemned  with  one  general  voice ;  and  when,  at  ]» 
they  were  compelled  to  practise  it  also,  tliey  endeavoured  to  make  it  appear  i 
vastly  superior  to  Trevithick's  mode  of  surrounding  his  wheels  *'  with  netds 
nails,  bolts,  and  claws,"  which  he  never  used  at  all !  These  ungenerous  pr 
ceedings  against  the  most  eminent  mechanic  of  his  time  appear  to  have  w 
going  on  unchecked  from  1802  up  to  the  present  time,  1B36.  The  onlyv 
we  have  of  accounting  for  this  circumstance  is,  that  Trevithick  was  engpp 
during  many  years  of  his  patent  right  in  constructing  his  high-pressure  engifl 
and  pumps  for  recovering  the  drowned  mines  of  Peru,  which  undertakioj^l 
afterwards  personally  directed,  and  succeeded  in  accomplishing,  to  the  astoBi 
ment  of  the  Peruvians.  He  was  subsequently  appointed  engineer  to  die  ng 
mint  at  Lima;  and  on  his  arrival  at  South  Amenca,  he  was  received  withM 
enthusiastic  gratitude,  that  the  lord  warden  proposed  to  <*  erect  his  ttatas 
silver."  The  earth  now  covers  the  mortal  remains  of  this  eminent  man;  \ 
his  memory  will  never  die  :  for,  to  use  the  words  of  Mr.  Gordon,  he  kif  I 
behind  him  '*  a  name  as  inseparably  connected  with  high-pressure  stMUB  t 
locomotion,  as  tliat  of  James  Watt  with  the  condensing  engine  and  roti 
movement." 

We  now  come  to  the  description  of  a  machine  of  creat  8ingularity>  i 
which  strongly  attests  the  ingenuity  of  the  contriver,  Mr.  William  Bmil 
of  the  Butterly  Iron  Works,  in  Derbyshire ,  and  for  which  he  took  out  piM 
It  consists  in  a  curious  combination  of  levers,  the  action  of  which  nearivRMdl 
that  of  the  legs  of  a  man  in  walking,  whose  feet  are  alternately  nttii 
jiress  ogainst  the  ground  of  the  road  or  railway,  and  in  such  a  manner  m 
adapt  themselves  to  the  various  inclinations  or  inequalities  of  the  sut^Ma.  ^ 
following  engraving  represents  this  engine,  which  the  inventor  caW 
"  MECHANICAL  TRAVELLER."  The  boilcr  IS  nearly  shnilar  to  that  whidi  wtl 
described.  Tlie  cylinder  a  is  placed  on  one  side  of  the  boiler ;  the  pislOB 
w  projected  out  behind  horizontally,  and  is  attached  to  the  leg  a  6  at «,  •« 
the  reciprocating  jointed  bent  lever  above ;   at  tlie  lower  extremity  rf 
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Itg  li,  feet  tre  attMhH  by  a  joint  at  b ;  tline  feet  \aj  s  flnner  hold  an  tb« 
iround,  being  fiimbhed  wirti  ihort  prongs,  which  prevent  them  from  slipping, 
ud  irc  lufficientjv  broad  to  prevent  their  injuring  the  road.  On  inspecting  Ihe 
drawing,  it  will  be  >een  thst  when  the  piiton  rod  ia  projected  out  from  the 
qliuder,  it  will  tend  to  pttili  the  end  of  the  lever  or  leg  a  from  it,  in  a  direction 
pmlltl'lo  the  line  of  the  cylinder  ;  but  u  the  leg  ab  ii  prevented  from  moving 
Uiwardi  by  the  end  b  being  firmly  fiied  upon  the  ground,  the  reaction  ii 
ihnsn  upon  the  cenioge,  and  a  proefeuive  motion  given  to  it,  and  tbii  will  be 
taoliiiaed  to  the  end  of  the  itroke.  Upon  the  fint  reciprocating  lever  is  fixed  at 
l,«t<id,  12  3,  sliding  horiiontally  backwards  and  forwards  upon  the  top  of  tho 
boila ;  from  2  to  3  it  i>  funiisbed  with  teeth,  which  work  into  a  cog-wheel,  lying 


WtimtaDy ;  on  the  opposite  side  of  this  cog-wheel  a  sliding-rack  is  fixed. 


^H  tbe  other  reciprocating  lever  of  the  leg  dt,  at  4.  When,  tnerffore,  the 
■iug-radt  is  moved  fbrwarda  in  the  direction  3  2  1,  by  tbe  progressive  motion 
'tiia  engine;  and,  when  the  piston-rod  is  at  the  farthest  extremity  of  the 
^Mke,  the  leg  d  t  will  be  brought  close  to  the  engine ;  the  piiton  is  then 
*dt  to  return  in  the  opposite  direction,  moving  with  it  the  leg  a  b,  and  also 
^  JidinE-rack  123;  the  sliding-rack,  acting  on  the  toothed  wheel,  causes  the 
*Aet  sliolng-rod  to  move  in  the  contrary  direction,  and  with  it  the  leg  de. 
VlMwrer,  therefore,  the  piiton  is  at  the  extremity  of  the  stroke,  and  one  of 
fclap  is  no  longer  of  use  to  propel  the  engine  forward,  the  other,  immediately 
Ii  As  motion  of  the  [nslon  beiog  changed,  is  ready,  in  its  turn,  to  act  at  a  fUl- 
4m  or  ■ImUlient  for  the  action  of  the  moving  power,  to  secure  the  continned 
(■mrMHve  motion  of  the  etigine.  The  feet  are  raised  from  the  ground  during 
%ntiim  of  diel^s  to  tbe  engine,  by  strap*  of  leather  or  rope  fastened  to  the 
Vp  St//,  pasting  over  fiiction  sheaves,  movable  in  one  direction  only,  hy  a 
4M«t  and  catcfa,  worked  by  the  motion  of  the  eneine.  The  feet  are  described 
*f  mious  forms  in  the  ipecili cation,  the  great  object  being  to  prevent  them 
taoi  injuring  the  road,  and  to  obtain  a  firm  footing,  that  no  jeru  should  take 
fJM*  at  the  rduni  of  the  st'oke,  when  the  action  of  the  engine  came  upon 
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them ;  for  this  purpose  they  were  made  broad,  with  short  spikes  to  lay  hold  of 
tlie  ground. 

It  is  proper  to  record  that  this  strange  machine  was  actually  put  to  vork. 
The  boiler  was  a  cylinder  of  wroughtriron,  5  feet  6  inches  long,  3  feet  in 
diameter,  and  of  such  strength  as  to  be  capable  of  sustaining  a  pressure  of 
upwards  of  400  pounds  per  square  inch.  Tlie  working  cylinder  was  6  inchei 
in  diameter,  and  the  piston  had  a  stroke  of  24  inches ;  the  step  of  the  iSeet  vas 
26  inches,  and  the  whole  machine,  including  water,  weighed  about  45  cwt 
When  placed  upon  a  railway,  Mr.  Brunton  found  that  it  required  to  move  it,  tt 
the  rate  of  two  and  a  half  miles  per  hour,  a  power  equal  to  the  constant  pres- 
sure of  84  pounds.  He  then  applied  a  chain  to  the  hinder  part  of  the  macmoei 
by  which,  as  the  machine  moved  forward,  a  weight  was  raised  at  the  same  time 
und  rate ;  and  he  found  that  with  steam  equal  to  40  or  45  lbs.  pressure  upon  the 
square  inch,  the  machine  was  propelled  at  the  rate  of  two  and  a  half  miles  per 
hour,  and  raised  112  lbs.  at  the  same  speed;  thus  making  the  whole  power 
896 lbs.  at  two  and  a  half  miles,  which,  at  150 lbs.  the  horse  power,  is  equals 
about  six  horses ;  but  the  machine  was  only  designed  to  insure  4  horses'  power, 
and  to  work  upon  a  railway  rising  one  in  thirty-six.  The  late  Mr.  Darid 
Gordon,  in  1824,  much  improved  the  mode  of  operating  with  these  substitutef 
for  horses'  feet;  and  Mr.  Gumey,  in  1825,  copied  them  very  closely,  as  before 
noticed ;  both  of  whose  patents  will  be  hereafter  described. 

Mr.  Wood,  in  his  excellent  Treatise  upoti  Hailroads,  informs  us  that,  in  1814, 
an  engine  upon  Blenkinsop's  plan  (described  at  page  395)  was  constructed  at 
tlie  Killingworth  Colliery,  by  Mr.  George  Stephenson,  and  tried  upon  that  rail- 
road.    In  that  engine,  it  will  be  observed,  that  the  cog-wheels  upon  the  axis  of 
the  propelling-wheels  are  double  the  diameter  of  the  smaller  toothed-wheels, 
whicn  derive  their  action  from  the  reciprocating  motion  of  the  connectine-rod ; 
consequently,  the  latter  make  two  revolutions  of  each  one  of  the  cogrra  pro- 
pelling-wheeb.      The  experiments   were  made  upon   a  piece   of  rage-railt 
ascending  about  1  yard  in  450 ;  and  it  was  found  to  drag  after  it,  exclusiTe  of 
its  own  weight,  eight  loaded  carriages,  weighing  altogeuier  about  30  tons,  at 
the  rate  of  four  miles  an  hour.     The  application  of  the  two  cylinders  rendered 
the  action  of  the  engine  regular,  and  secured  the  continual  progressive  motion, 
thus  remedying,  Mr.  Wood  observes,  the  imperfection  caused  oy  the  irregnltf 
action  of  the  single  cylinder  and  fly-wheel.  Wnen  the  engine  had  oeen  at  work  i 
short  time,  it  was  Boon  found  that  there  was  sufficient  adhesion  between  the  wbedi 
and  the  rail  to  propel  the  carriage ;  but  such  was  the  lingering  pvnudiee^  thit 
grooved  sheeves  were  afterwards  applied  to  the  hinder  travelling  wnedi  (if  the 
engine,  and  similar  grooved  sheeves  upon  the  fore-wheels  of  the  convoy  cenMgc 
containing  the  coals  and  water ;  both  these  were  then  connected  by  an  mik» 
chain ;  but  this  contrivance  also  was  soon  found  to  be  nnneceemyi  and  ik 
adhesion  of  the  wheels  alone  produced  the  desired  effect.    Tbe  rminnHinintTffl 
of  the  pressure  of  the  steam  upon  the  piston,  through  the  meaBt  of  Um  eos* 
necting-rod  and  crank  to  the  cog-wheels,  produced  great  noise,  and,  JD  90^ 
parts  of  the  stroke,  considerable  jerks ;  each  cylinder  alternately  proniiBfi' 
becoming  propelled  by  the  other,  as  the  pressure  of  the  one  upon  Uie  w^ 
became  greater  or  less  than  the  pressure  of  the  other ;  and  when  the  teetb  bseaat 
worn,  they  produced  a  rattling  noise.     For  when  the  leverage  of  one  cn>k 
became  greater  than  the  other,  the  latter  was  propelled  by  the  other  Um*^ 
the  intervening  wheels ;  but  when  the  former  approached  towards  die  extfcnity 
of  the  stroke,  its  leverage  became  less  and  less,  and  the  leverage  of  the  Isttt' 
became  greater,  as  the  angle   between   the  connecting-rod  and  the  ovsk 
increased ;  and,  at  a  certain  point,  the  latter  preponderated.  When  a  cbangt  ii 
the  action  took  place,  the  former  was  then  the  propelled,  and  the  latter  the  fi^ 
pelling  power.     If  any  play  or  space  existed  between  each  tooth  of  the  oofT 
wheels,  the  transition  of^  this  power  from  one  side  of  the  teeth  to  the  othtf 
always  occasioned  a  jerk ;  and  this  became  greater  as  the  teeth  became  nfll* 
woni,  and  the  space  between  them  greater. 

All  these  inefficient,  expensive,  and  troublesome  contrivances,  ourrsatet 
will  perceive,  were  introduced  to  obviate  *<  the  assumed  difficulty,"  whidiltii 
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'nitd  ten  ypari  beroie  to  have  no  exittence.     To  gel  rid  of  (he 

edi  and  p  loni,  and  avoid  the  jerki  and  CDncuuion*  consequent 
t  mentioned  ursngement,  we  find  Mi.  Ralph  Dodd  and  Mr. 
MUon,  afoieiaid,  both  of  Killingworlh,  taking  out^a  joint  patent 
ImproTementi  in  the  construction  of  tocomotire  engines,"  which 
ebnia^  28,  1S15.  It  coneiited  of  the  application  of  o  dm  npon 
okM  of  the  rtuining  wheels  that  supported  the  engine  j  Che  lower 
afinectioc-rod  being  attached  to  the  cross-beani,  worked  up  and 
piston.  (The  following  engraving  serves  to  explain  this  invention, 
donn  to  the  patented  improvements  subsequently  introduced  by 
coDiunction  with  Mr.  Stevenson ;  Mr.  Dodd's  previous  invenlian 
cd  therein.)  a  b  represenls  the  connecting-rod,  the  end  a  attached 
iieam,  and  the  end  b  to  one  of  the  spokes  of  the  wheel ;  in  like 
>d  rf  of  the  other  conned  log- rod  ia  alleched  to  the  beam  of  the  other 
le  lower  end  to  a  pin  fixed  in  the  spokes  of  the  wheel  B.  By  these 
ciprocating  motion  of  llie  piston  and  connecting-rod  is  converted, 
WD  the  spokes  acting  as  a  crank,  into  a  rotator]'  motion,  and  the 


of  this  motion  secured  by  the  one  pin  or  crank  being  kept  at  right 
other,  as  shown  in  the  drawing.  To  effect  this,  the  patentees  had 
; — to  crank  the  axles,  on  which  each  of  the  wheels  were  Gied,  with 
rod  between,  to  keep  them  alwnjs  at  the  angle  with  respect  to  each 
at  ■  peculiar  sort  of  endless  chain,  passing  over  a  toothed  wheel  on 
fhii  endbss  chain  consisted  at  first  of  one  broad  and  two  narrow 
tdy  fastened  together  at  the  ends  with  bolts ;  the  two  narrow  links 
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"were  always  on  the  outside  of  the  broad  link ;  consequently,  the  distance  they 
were  separated  laterally  would  be  equal  to  the  breadth  of  the  broad  link,  which 
was  generally  about  two  inches,  and  their  length  three  inches.  The  periphery 
of  the  wheels  fixed  upon  the  axles  of  the  engine,  was  furnished  with  cogs,  pro- 
jecting from  the  rim  of  the  wheels  (otherwise  perfectly  circular  and  flat)  about 
an  inch,  or  an  inch  and  a  half.  When  the  wheel  turned  round,  these  projecting 
cogs  entered  between  the  two  narrow  links,  having  a  broad  link  between  every 
two  cogs,  resting  on  the  rim  of  the  wheel;  these  cogs,  or  projections,  caused  the 
chain  to  move  roimd  with  the  wheel,  and  completely  prevented  it  from  slipping 
round  upon  the  rim.  When,  therefore,  this  chain  was  laid  upon  the  two  toothed 
wheels,  one  wheel  could  not  be  moved  round  without  the  other  moving  round 
with  it,  and  thus  secured  the  proper  angles  to  the  two  cranks.  This  mode  of 
communicating  the  action  of  the  engine  from  one  wheel  to  another,  is  shown  in 
the  drawing,  the  wheels  A  and  B  having  each  projecting  cog-wheels,  round 
which  the  endless  chain  passes.  When  the  chain  got  worn  by  frequent  use,  or 
was  stretched,  so  as  to  become  too  lung,  one  of  the  chains  of  the  axles  could 
be  moved  back  to  tighten  it  again,  until  a  link  could  be  taken  out,  when  the 
chain  was  moved  back  again  to  its  former  situation. 

It  will  be  seen  from  this  description,  that  Messrs.  Dodd  and  Co.'s  improve- 
ment consisted  chiefly  (like  that  of  all  others  who  succeeded)  of  a  renovation 
of  Trevithick's  plan  of  propulsion  by  the  mere  friction  produced  by  the  contact 
of  the  wheel  and  rail.  The  only  material  difference  between  the  two  plans 
being  in  the  using  of  two  working  cylinders,  instead  of  one  with  a  fly  wheel ;  and 
in  a  method  of  connecting  the  axles,  so  as  to  cause  the  cranks  to  continue 
working  at  right  angles  to  each  other ;  the  object  of  this  being,  that  when  the 
one  crank  is  passing  the  centre,  the  other  shall  be  at  its  greatest  power,  and 
consequently  aid  the  former  in  its  revolution,  when,  for  want  of  the  momentum 
imparted  to  a  fly  wheel,  it  would  have  to  stop  in  that  situation.  Upon  refer- 
ence to  our  engraving  of  Trevithick's  railway  engine,  at  page  388,  our  mecha- 
nical readers  will  jiot  fail  to  observe  that  the  improved  mode  proposed  by  Messrs. 
Dodd  and  Stevenson,  of  applying  the  power  direct  to  the  running  wheels,  is 
not  to  be  compared  to  it  in  efj^ciency  or  durability. 

In  the  subseouent  year  1816,  a  patent  was  granted  to  Mr.  Stephenson,  in  con- 
junction with  Mr.W.  Losh,  of  Newcastle,  for  **  a  method  or  methods  of  facilita- 
ting the  conveyance  of  carriages  and  all  manner  of  goods  and  materials  along 
railways  and  tramways,  by  certain  inventions  and  improvements  in  the  con- 
struction of  the  machine,  carriages,  carriage-wheels,  railways,  and  tramways 
employed  for  that  purpose."  Ihe  specification  of  this  patent  is  more  ably 
written  than  such  documents  usually  were ;  and  as  it  contains  much  valuable 
practical  intelligence,  wc  shall  make  some  extracts  from  it,  and  accompany 
them  by  tlie  necessary  illustrations.  The  patentees  commence  their  speciflca- 
tion  by  explaining  the  distinction  between  edge-rails  and  the  tram  or  plate-rails, 
as  introductory  to  tlieir  improvements,  which  they  thus  explain.  ''In  the  con- 
struction of  our  edge-railways,  our  objects  are,  flrst,  to  flx  both  the  ends  of  the 
rails,  (»r  separate  pieces  of  which  the  rails  are  formed,  immovable,  in  or  upon 
the  chairs  or  props  by  which  they  are  supported ;  secondly,  to  place  them  in 
such  a  manner  that  the  end  of  any  one  rail  shall  not  project  above  or  fall  below 
the  correspondent  end  of  that  with  which  it  is  in  contact,  or  with  which  it  is. 
joined ;  tnirdly,  to  form  the  joinings  of  the  rails  with  the  pedestals  or 
props  which  support  them,  in  such  a  manner,  that  if  these  props  should  vary 
from  their  perpendicular  position  in  the  line  of  the  way,  (which  in  other  railways 
is  often  the  case,)  the  joinings  of  the  rails  with  each  other  would  remain  as 
before  such  variation,  and  so  that  the  rails  shall  bear  upon  the  props  as  flnnly 
as  before. 

"  In  the  formation  of  our  wheels,  it  is  our  object  to  construct  them  in  si^ch 
a  manner,  and  to  form  them  of  such  materials,  as  shall  make  them  more  durable 
and  Ici^s  expensive  in  the  repairs  than  those  hitherto  in  use.  This  invention  we 
accontplish  by  forming  our  wheels  either  with  spokes  of  malleable  iron,  and 
witli  cast-iron  rims,  or  by  making  the  wheels  and  spokes  of  cast<iron,  with 
hoops,  tires,  or  trods,  of  malleable  iron ;  and  in  some  instances,  particularly  for 
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keels  of  very  sinall  diameters,  instead  of  spokes  of  malleable  iron,  we  employ 
ites  of  malleable  iron  to  form  the  junction  between  the  naves  and  the  cast- 
n  rims  of  the  wheeb. 

#S^-  I  >*  A  side  view  of  the  wheels,  with  wrought-irou  arms,  aaa  show  tlie 
ns  cast  in  the  nave,  and  dropped  into  mortice  holes  made  in  the  rim, 
kich  are  dovetailed,  to  suit  the  dovetailed  ends  of  the  arms  aaa.  Tlie  arms 
i  heated  red  hot  previous  to  dropping  them  into  the  holes,  in  order  to  cause 
;m  to  extend  sufficiently  for  that  purpos^e,  for  when  cold  they  are  too  short, 
ing  to  the  property  which  iron  possesses,  of  expanding  on  the  application  of 
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■H,  and  of  contracting  again  to  its  fonner  dimensions  on  cooling  down  to  the 
■■9  temperature  from  which  it  was  raised ;  the  arms,  therefore,  on  cooling, 
^  drawn  with  a  force  sufficient  to  produce  a  degree  of  combination  between 
te  dovetailed  ends  and  the  mortices  of  the  rim,  which  prevents  the  possibility 
■f their  working  loose;  they  are  afterwards  keyed  up;  the  mortice  holes  are 
^  detailed,  from  the  tail  side  of  the  wheel,  (a  a,  Fig.  2.)  to  the  crease  side 
^k  the  same  figure.) 
i^.  2  is  a  cross  section  through  the  centre  of  the  wheel,  with  wrought-iron 


^.  S  is  an  end  view  of  Fig,  2. 

iy.  4  represents  an  elevation  of  the  edge  railway,  showing  a  rail  a  con- 
Mted  with  the  two  adjoining  rails,  the  ends  of  which  are  shown  by  b  b,  and 
Mintt  in  the  props  or  pedestals,  the  bases  of  which  are  the  metal  chairs  that  are 
ikef  to  Uie  stone  supports  e  c.  The  joints  e  e  are  made  by  the  ends  of  the  rails 
■ag  applied  to  each  other  by  what  is  termed  a  half  lap ;  and  the  pin  or  bolt  g 
kin  ixM  them  to  each  other,  and  to  the  chair  in  which  they  are  inserted,  is 
ifc  to  fit  exactly  a  hole  which  is  drilled  through  the  chair  and  both  ends  of 
ttiaib,  at  such  a  height  as  to  allow  both  ends  of  the  rails  to  bear  on  the  chair, 
li  the  bearance  being  the  apex  of  a  curve,  they  both  bear  at  the  same  point. 
ni  l3ie  end  dT  one  rail  cannot  rise  above  that  of  the  adjoining  one ;  for 
t^Mogh  the  chair  may  move  on  the  pin  in  the  direction  of  the  Tine  of  the , 
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Toad,  jet  the  raiU  wilt  atill  rest  upon  the  curred  nirface  of  tlwir  bMiuiN 
wiiliout  moring. 

Sig.  S  is  a  cross  Beclion  of  our  edge-tfiilwiiy  through  the  middle  of  ODe  al  is 
chain  a,  Bod  across  the  ends  of  llie  two  adjoining  raus  whidi  are  connecttd  I7 
a  transverae  pin  ;  e  is  the  stone  support  or  sleeper. 

Fig.  6  {■  a  croas  section  of  the  rail  a,  at  the  centre,  and  abow*  the  euiap 
c  behind, 

Hg.  7  is  a  plan  of  the  railway  described  at  Ftg.  1,  showing  the  hilf^ipjotn- 
ingB  of  the  rails  er  placed  in  their  cniriages  dd. 

Fig.  8,  in  the  suhjoined  cut,  ia  n  view  of  (he  caat-iron  wheel  with  the  miDe- 

able  iron  tire.     This  wheel  ia  made  with  curved  spokes,  a*  showr "' 

aperture  ii      ' 


Then 


nof  t1 


I,  that! 


e  rim,  shown  at  b,  inta|  which  a  key  is  iamtnl. 
\  (he  application  of  the  hot  tire,  the  cut  neul 

Fig.  8.  Fig.  10. 


eipandi  unequally,  and  the  rim  is  liable  to  he  cracked,  and  the  rimtdnnsA 
iinlesa  the  first  ia  previously  slit  or  opened,  and  the  lat(er  curved,  ubickalw* 
them  to  accoromodate  themselves  (o  (he  increased  diameler  of  (he  whwl;  ^ 
(hia  formation  of  the  wheel,  the  tire  may  be  placed  on  when  cold,  and  kt^ 
up  afterwards. 

Fig.  9  ia  a  crosa  section  of  Fig.  8,  through  the  centre,  a  a  show  (be 
bb  the  metal  rim.  Thia  caat  metal  rim  is  dovetailed;  so  that  when  tlul^ 
which  is  dovetailed  to  auit  it,  is  put  on  hot,  it  contracts,  and  applies  ittflfop' 
rim  with  a  degree  of  adheaion  which  prevents  ita  coming  off  from  the  m** 
of  the  wheel  on  the  railway.  This  wheel  is  of  the  form  to  suit  an  edge^tilviji 
and  to  make  it  anawerfor  a  plate-rail,  it  onlyrequirea  the  rim  to  be  &sL 

Fig.  10  is  an  end  view  of  J^.  S  without  the  malleable  iron  tire. 

We  now  proceed  (0  the  deacrip(ion  of  .the  roUey  or  tram  wheels,  deagM*''' 
move  upon  a  plain  railway,  as  illustrated  in  the  suhjoined  wood  cuts. 

Fig.  1 1  represents  a  view  of  a  rolley  or  tram  wheel ;  a  a  a  are  the  miH'*^ 


Fig.  12. 


FIf.  H. 


"  I™",  fastened  to  the  projections  bbb  on  the  iuaide  of  tbe rim  f ^ ^ ** 


I 
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^  12  it  a  cross  section  of  Fig.  11,  through  the  centre  of  the  wheel;'  a  a 
the  arms,  c  c  the  rim,  d  d  the  bolts. 

f,  13  represents  a  view  of  a  rolley  or  tram-wheel,  with  a  plate  of  malleable 
1  •  a,  to  form  the  junction  between  the  nave  b  6,  and  the  cast  metal  rim  e  c. 
^.  14  is  a  cross  section  of  Fig.  17.  a  a  show  the  plate  upon  which  the 
66  is  cast;  cc  show  the  castriron  rim  which  b  cast  upon  the  plate,  the 
I  of  which  plate  are  previously  covered  with  a  thin  coatine  of  loam  and 
!oal  dust,  or  other  fit  substance,  to  prevent  the  too  intimate  a4hesion  between 
ron  plate  and  metal  rim,  so  that  if  the  rim  should  break,  it  can  easily  be 
I  ofit  and  replaced  by  casting  another  on  the  plate. 

^.15  represents  Messrs.  Losh  and  Stephenson's  plate-railway.  At  the  end 
ich  nlate  are  projections  aaa,  to  fit  into  the  dovetailed  carnage  h  b,  and  at 
ena  of  each  plate  are  projections  or  tenons  c  c,  which  fall  into  the  mortice 
(in  Figs.  16  and  17)  in  the  carriage  66,  and  secure  the  rail  firom  an  end 
m ;  and  when  the  pin  or  key  is  driven  into  its  place,  it  securea  the  plates 
rising ;  and  they  are  thus  unmovably  fixed  in  their  carriages. 

16. 


$p.  16  is  a  front  view  of  Ih.  15. 

i^.  17  is  a  plan  of  the  carriage,  in  which  a  a  show  the  holes  through  which 

laik  are  driven  to  secure  it  to  the  sleeper.     When  the  rails  are  laid  in  this 

isge,  and  secured  by  the  pin  or  key,  they  keep  tliese  nails  firom  statting  up, 

esting  upon  them. 

i^.  18  is  a  cross  section  of  the  carriage,  and  the  end  of  one  of  the  plate 

• 

i^.  23  and  24  are  a  plan  and  fi-ont  view  of  a  rail  of  the  plate-railway 

ich  was  at  the  date  of  this  patent  in  common  use  in  the  North  of  England;) 

readers  will  notice  the  difference  between  this  and  those  we  previously 

tibed. 

1g.  25  represents  a  front  view  of  the  edge-railway  in  common  use  at  New- 

24. 


P= 


23 


^ 


le,  prior  to  1816;  and  the  portion  Fig,  26  shows  a  piece  inclining  out  of  the 
isontdl  position,  as  they  very  oflen  do  from  the  yielding  of  the  pedestali 
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causing  of  course  a  serious  shock  to  the  waggons  in  passing  the  joinings   on 
to  the  next  rail." 

Messrs.  Losh  and  Stephenson  state  that  their  method  of  joining  the  parts  ot 
their  railway  together,  enables  them  to  sustain  a  much  greater  pressure  than 
those  which  are  joined  in  the  usual  way  ;  and  tlicy  avoid  the  liability  to  which 
the  ordinary  rails  are  subject — that  of  the  extremity  of  one  rail  becoming 
depressed  out  of  the  plane  of  the  adjoining  one,  and  hence  of  receiving  severe 
blows  and  shocks,  wnich' usually  terminate  in  breakage;  and  as  action  and 
reaction  are  mutual  and  contrary,  it  follows,  that  if  the  communication  of  thoee 
shocks  to  their  rails  be  prevented,  the  wheels,  carriages,  and  engines^  which 
move  over  them,  are,  from  the  same  cause,  preserved  from  derangement  and 
destruction.  As  the  centre  of  gravity  in  a  loaded  coal  waggon  is,  from  its  shape, 
much  elevated,  the  shaking  to  which  the  vehicle  is  subjected  by  small  obstacles, 
especially  such  as  usually  occur  at  the  junction  of  the  rails,  causes  a  considerable 
portion  of  the  coal  to  be  thrown  out ;  which  loss,  it  is  presumed,  would  be  pre- 
vented by  a  more  uniform  motion  of  the  carriages  over  a  more  perfect  and 
stable  railway. 

It  is  also  worthy  of  notice,  that  the  plates  of  the  tram  or  rolley-ways  em- 
ployed in  coal  mines,  are  usually  fastened  down  by  a  single  nail  oassing  tiirougb 
a  hole  nearly  at  each  end  of  the  plate,  and  entering  mto  a  sleeper  of  womL 
These  nails,  from  the  vibration  of  the  parts  in  connexion,  caused  by  the  loaded 
waggons  rolling  over  them,  are  apt  to  work  loose  very  soon,  and  cause  a  breakage 
of  tne  plates  or  rails ;  to  obviate  which,  Messrs.  Losh  and  Stephenson  have  intro- 
duced the  improvements  described,  and  which  appear  well  calculated  to  efiect 
the  object  designed. 

With  respect  to  the  advantages  of  the  wheels  described,  it  cannot  be  doubted 
that  the  introduction  of  malleable  iron  arms  into  cast  metal  rims  has  tended 
much  to  remedy  the  destructive  results  attending  the  previous  use  of  common 
cast  metal  wheels ;  and  that  an  economy  of  material  and  an  increase  of  strengtli 
must  have  attended  the  change.   The  nms  of  wheels  thus  constructed,  may  m 
be  case-hardened,  without  risk  of  breaking,  either  in  cooling,  or  afterwards; 
which  is  not  the  case  when  wheels  are  cast  in  one  piece,     it  is  also  unques- 
tionable,  that  great  economy  of  expense  and  durability  of  structure  were 
obtained  by  the  introduction  of  malleable  iron  tires  over  cast-iron  wheels  ,* 
because,  when  the  former  wear  out,  the  wheels  may  be  re-perfected  at  a  veiy 
trifling  expense;   and  the  elasticity  of  the  malleable  iron  has  a  tendencjr 
to  moiderate  and  render  innocuous  the  concussions  received  upon  the  cait 
metal. 

In  what  relates  to  the  locomotive  engines  employed  upon  railways,  MetA 
Losh  and  Stevenson's  invention  consists  "  in  sustaining  the  weight,  or  a  [Wt 
of  the  weight,  of  the  engine  upon  pistons  movable  within  cylinders,  into  wnich 
the  steam  or  the  water  of  the  boiler  is  allowed  to  enter,  in  order  to  pKfl 
upon  such  pistons ;  and  which  pistons  are,  by  the  intervention  of  levers  aixi 
connecting  rods,  made  to  bear  upon  the  axles  of  the  wheels  of  the  canriagv 
upon  which  the  engine  rests." 

In  the  sketch  on  the  next  page,  /f^.  27  represents  a  cross  section  of  the 
locomotive  engine  on  the  edge-railway:  a  a  are  the  steam  cylinders,  contain- 
ing the  floating  pistons  b  hj  connected  with  the  wrought  iron  rods  c  c,  the  en<ii 
of  which  rest  upon  the  brasses  of  the  axles  of  the  wheels  dd.  These  pistoai 
press  equally  on  all  the  axles,  and  cause  each  of  the  wheels  to  press  with  ifl 
equal  stress  upon  the  rails,  and  to  act  upon  them  with  an  equal  deme  of  frietioOi 
although  the  rails  should  not  all  be  in  the  same  plane ;  for  Uie  bearing  bftsitf 
have  the  liberty  of  moving  in  a  perpendicular  direction  in  a  groove  or  dide,  soi 
carrying  the  axles  and  wheels  alone  with  them,  free  the  wheels  to  aceonunodtte 
themselves  to  the  inequalities  of  the  railway.  The  objects  of  these  floatinc  pi^ 
tons  are,  to  prevent  the  engine  from  receiving  shocks,  and  preserve  a  stMffln^ 
of  motion ;  the  inventors  considering,  that  by  acting  on  an  elastic  fluid,  tbef 
produce  tlie  desired  effect  "  with  much  more  accuracy  than  could  be  obtain*^ 
by  employmg  the  finest  springs  of  steel  to  support  the  engine."   A  loogitndiin^ 


/  Ihii  locamotive  engine  ii  given  at  page  101,  in  ibe  dtKriptioii  of 

d  Stephenion'a  improvements,  which  it  equally  iUuatratea. 

1^  GaUotray,  in  hU  Hit- 

m  SUam  Eitgijie,  itatel  that 

locomotive   engine*  have 

^  iu  tiK  at  KiUingewortli 

near  Newcaitle,  and  at 
Colliery,  on  the  Wear; 
at  adTanlagei  and  defecta 
n  aufficiendy  lubmitted  to 

tit  experiment;  and  it 
that,  notirithatanding  the 
Mtioai  on  the  part  of  the 
.  Mr.  Stephenton,  tohring 
s  me  on  the  diSbrent  raif 
w  either  constructing  or  in 
,  it  ha*  hfca  the  opinion  of 
lUe  engiiieeri,  that  they 
poaaets  thoie  advantagea 
ainvenlorhadantic  ipated ; 
there  cannot  be  a  better 
r  the  doubt  enteitsined 
{  their  utility,  than  the 
t  it  haa  been  detcnnined 
oeomotive  enginei  ihall  be 
the  projected  railroad  be- 
4circa9lle  and  Catliile  ; 
ad  their  advantages  been 
MTont,  the  persons  living 
l«^  on  the  spot  in  which 
used,  namely,  Newcastle, 
ive  been  acquainted  there- 
rhe  principal  objections 
D  be,  me  difficulty  of  sui^ 
^eren  the  slightest  ascent; 
I  been  found  that  a  rise  of 
■-^ghth  of  an  inch  in  a 

II  feet  in  a  mile,  retards 
I  of  one  of  these  engines 
f  great  degree  ;  so  much 
d,  that  it  has  been  conii- 
Bceaaary,  in  some  parts 
wy  are  used,  to  aid  their 
rith  their  load  by  fixed 
which  drag  them  forward 
is  of  ropes  coiling  round 
The  steam  cylinders 
•  boiler  were  found  very 
.  for,  in  the  ascending 
'  the  working  piston,  they 
e«d  inwards  by  the  con- 
od  pulling  at  the  wheel  in 
ic  same  piilo 
dared  it  necessary  to   increase  the  length  of  the  workiT^  cylinder 

aa  there  was  piay  in  tlie  lower  ones,  to  avoid  the  danger  of  break- 
rionily  injuring  the  top  and  bottom  of  the  former  by  the  striking  of 
1  when  it  is  forced  too  much  up  or  down.  As  our  meaning  tnay  not 
eomprebended  without  elucidaiion,  let  us  imagine  the  cylinder  of  a 
bean-engine  to  be  set  upon  springs  which  have  a  play  of  one  foot; 
it  of  the  cylinder,  when  at  rest,  depresses  the  spring  lis  inches ;  but  if 
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the  engine  be  put  in  motion,  then,  as  the  piston  ascends  and  eiret  modon  to  tiie 
machinery,  the  springs  below  the  cylinder,  being,  as  it  were,  £e  abutments  apon 
which  the  steam  acts,  are  forced  downwards  against  their  seat  with  precisely  the 
force  that  the  piston  exerts  in  overcoming  the  resistance  of  the  macbinerj.  In  like 
manner,  when  the  piston  descends,  as  much  weight  or  pressure  will  be  taken  off 
these  springs  by  the  same  means :  the  cylinder  would,  therefore,  vibrate  or  daaoe 
upon  the  bearing  springs;  and  as  the  motion  which  it  thus  obtains  ia  the  rerene  of 
the  motion  then  given  to  the  piston,  the  length  of  the  cylinder  should  be  gieitor 
to  allow  for  the  extreme  vibration  to  which  it  is  liable.  A  quantity  of  stesm 
would,  therefore,  be  lost  in  filling  up  this  extra  length  of  the  cylinder  at  esch 
stroke.  This  would  also  happen  if  the  cylinder  were  fixtd^  as  usual,  and  the 
carriages  of  the  crank  and  fly-wheel  supported  upon  springs ;  and  this  arrange- 
ment would  then  be  exactly  the  same,  in  principle  and  effect,  as  the  parts  of 
the  locomotive  engine  to  which  we  now  allude."  In  justice  to  Messrs.  Loih 
and  Stephenson,  however,  we  are  boimd  to  acknowledge  our  admiration  of  the 
several  improvements  introduced  by  them  in  the  carriage  wheels  and  rails,  which 
form  so  material  a  part  of  their  specification. 

As  the  twopreceding  patented  inventions  of  Mr.  Stephenson,  in  conjunction  fitrt 
with  Mr.  Dodd,  and  subsequently  with  Mr.  Losh,  were  united  to  form  one  loco- 
motive engine,  we  could  not  well  separate  them.    We  must,  howerer,  now  go 
back  six  months  in  our  history,  to  place  before  the  reader  some  account  of  s 
patent  granted  on  the  6th  of  June,  1815,  to  that  original  thinker,  **  Richari 
Irevithick,  of  Camborne,  in  Cornwall,  engineer,  for  certain  improyemoits  in 
the  high-pressure  steam-engine,  and  the  application  thereof,  with  or  without 
other  machinery,   to  usefm  purposes.'*     The  specification  contains  serersl 
"  scantlings  of  inventions"  of  a  novel  and  ingenious  nature,  that  are  foreign  to 
our  present  object ;  we  shall,  therefore,  omit  these  parts,  and  confine  our  extracba^ 
to  those  only  that  appertain  to  locomotion.    After  describing  a  curious  tpean  dT 
motive  engine,  he  ooscrvcs,  with  respect  to  a  peculiar  part  of  it—*'  By  potting 
flat  plates  or  leaves  upon  the  revolving  arms  within  the^case,  I  produce  a  cur- 
rent of  air  in  the  manner  of  a  winnowing  machine  to  blow  the  fire :  snd  I  do 
sometimes  place  in  the  flue  a  screw,  or  a  set  of  vanes,  somewhat  similar  to  the 
vanes  of  a  smoke-jack,  which  screw,  or  vane,  I  do  cause  to  revolve  hy  oon- 
ncxion  with  the  steam-engine,  for  tlie  purpose  of  creating  an  artificial  draft  in  thi 
chimney,  always  proportioned  to  the  size  of  the  fireplace  and  situation  of  th« 
chimney.     By  eitlicr  or  both  of  these  means,  I  obviate  the  neeessi^  of  s  tall 
chimneVf  where  the  engine  is  used  for  portable  purposes."     Without  insiitiDg 
upon  the  perfect  originality  of  the  principles  of  this  mechanism  for  exdtisg 
combustion,  there  appears  to  be  novelty  in  the  manner  of  applying  them.  But 
many  of  our  readers  will  remember  that  a  very  few  years  af  o  a  strongly  coo-     ' 
tested  trial  at  law  took  place  between  Mr.  Galloway  and  Lord  Cochrane, « 
one  part,  and  Messrs.  Braithwaite  and  Erricson,  on  the  other,  to  determine  lo 
whicn  of  the  parties  belonged  very  similar  contrivances  to  the  foregoing,  vhk^ 
decidedly  preceded  them  both. 

Tlie  invention  of  tubular  boilers,  which  are  now  so  much  emplo}'ed  in  loco* 
motion,  is  popularly  considered  to  have  emanated  from  Mr.  Gumey ;  hat  tii 
fact  will  be  repeatedly  shown  in  these  pages,  that  he  only  rendered  them  tki 
more  complex  by  an  additional  twist.  This  remark  is  drawn  from  as  ap<* 
reading  1  revithick's  specification  of  1815,  already  quoted  from.  In  the  extract 
which  we  shall  next  make,  it  will  he  seen  that  he,  vmo  was  so  many  years  fri* 
to  Gumey,  did  not  pretend  to  be  the  inventor  of  tubular  boilers,  they  being,  ■ 
fact,  made  fifty  years  before  him.  He  claimed  simply  a  peculiar  modificiSiM 
of  them  in  the  words  following : — "  And  I  do  further  declare,  that  in  order  tD 
make  the  boiler  of  a  high  pressure  steam-engine  of  very  light  materials  f^ 
portable  purposes,  and,  at  the  same  time,  strong  for  resisting  tke  presttrt,  • 
veil  as  for  exposing  a  large  surface  to  the  fire,  I  do  construct  the  said  boiler  • 
a  number  of  small  perpendicular  tubes,  each  tube  closed  at  the  bottom,  M 
all  opening  at  the  top  into  a  common  reservoir,  from  whence  they  reoeive  thes 
water,  and  into  whicn  the  steam  of  all  the  tubes  is  united."  In  a  recent  C*"" 
mittee  of  the  House  of  Commons  on  steam-carriages,  it  will  be  recollected,  ^ 
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of  die  membeTs  were  led  to  believe,  by  the  evidence  of  civil  engineen, 
lU  tabular  boilers,  or  such  as  held  their  water  in  small  distinct  chambers, 
modifications  of  "  Oumey's  principle."  And  the  learned  Dr.  Lardner 
lured  that  the  peculiar  merit  of  the  latter  was  the  circumstance  that  every 
if  the  boiler  exposed  to  the  action  of  the  fire  was  filled  with  water.  Those 
(man  were  of  course  unacquainted  with  the  foregoing, 
s  ffreat  success  which  attended  the  improvements  of  the  railway  bars  by 
n.  Losh  and  Stephenson,  already  described,  seems  to  have  stimulated  rival 
fiicturers  in  the  same  undertaking ;  for  we  find  that  in  the  following  year 
')  a  patent  was  granted  to  Mr.  John  Hawks,  ef  Gateshead,  Durham,  for 
ew  method  of  making  iron  rails,  to  be  used  in  the  construction  of  rail- 
**  The  rails  at  that  time  in  use,  were,  for  the  most  part,  cast  iron ;  and 
wbich  were  of  malleable  iron  were  merely  square  or  flat  rolled  bars,  and 
consequently,  as  liable  to  be  bent,  as  the  cast  were  to  be  broken,  by  t!ie 
r  weights  and  concussions  to  which  they  were  continually  subjected.  To 
te  those  defects,  Mr.  Hawks  proposed  to  combine  the  properties  of  the 
iffinrent  kinds  of  iron,  so  that  the  combination  should  possess  the  rigidity  of 
lat  metal  against  dead  pressure,  and  the  tenacity  of  the  wrought  to  tie  the 
Betal  together,  should  it  become  broken  by  percussion.  The  specification 
1  that — "  Instead  of  making  the  rails  or  b&rs  of  cast  or  malleable  iron,  as 
now  in  use  are,  they  are  a  compound  of  malleable  and  cast-iron,  so  con- 
d  as  to  be  stronger  than  if  made  of  either  kind  alone.  The  surface  is 
}d  of  cast  iron,  and  the  back,  or  under  part,  of  malleable  iron,  joined 
lier  and  formed  wlien  the  metal  of  the  former  is  in  a  fluid  state ;  and  they 
ae  io  inseparable  that  the  cast  iron  mav  be  broken  at  the  nearest  possible 
lees ;  indeed,  even  inch  by  inch,  which  is  scarcely  possible  to  be  occasioned 
iddent,  and  the  rail  will  remain  sufficient  for  the  purposes  of  a  railway  ; 
ist^  till  it  suits  the  convenience  of  the  workmen  to  replace  it,  without  inter- 
im to  the  concern  in  which  the  railway  may  be  used :  and  as  a  loss  by  a 
m  raQ  of  this  invention  vrill  be  less  than  one  in  common  use,  the  expense, 
agb  it  may  be  a  little  more  in  the  first  instance,  will  be  considerably  less 
e  end,  as  the  malleable  iron  may  be  used  again,  or  as  the  old  iron  will  be 
tuA  more  intrinsic  value  than  the  other." 

le  modes  of  combining  cast  and  malleable  iron  together  in  the  rails  are 
tti;  but  that  which  Mr.  Hawks  prefers,  as  afibrding  the  best  security  for 
bang  firmly  fixed  together,  is  by  running  the  cast  iron,  when  in  a  state  of 
Bf  on  the  malleable  iron ;  to  effect  which  the  malleable  part  is  to  be  first 
i,  cr  otherwise  prepared  in  that  form  and  of  that  strength  which  the 
re  flf  its  intended  purpose  or  appropriation  points  out  as  most  proper.  That 
of  die  malleable  iron  which  is  intended  to  be  combined  with  the  cast  iron 
Id  be  rendered  roush  and  uneven  by  jagging  or  by  perforation,  by  giving  it 
fctefled  form,  or  by  an^  other  means,  so  that  the  cast  iron  may  firmly 
le  thereto,  without  the  hability  of  becoming  loose  by  the  violent  action  of 
aniagei.  The  malleable  part  must  be  clean,  perfectlv  dry  and  warm,  "when 
in  tfie  mould  to  receive  tue  melted  iron,  which  should  be  poured  in  as  soon 
sdda  after  the  mould  is  ready  to  receive  it,  as  any  damp  on  the  malleable 
win  endanger  the  soundness  of  the  cast  iron  part 

le  next  subject  in  chronological  order  that  is  connected  with  locomotion  is 
iide  csiciilated  to  advance  the  general  welfare ;  but  there  are  some  of  our 
n  to  whom  it  may  prove  sufficiently  interesting  and  amusing.  It  is  a  very 
liont  modification  of  Brunton's  mechanical  traveller,  described  at  page  398, 
•  dw  eidiject  of  apatent  wanted  to  Mr.  John  Baynes,  a  cutler,  of  Sheffield, 
fCenber,  1819.  Ine  mechanism  is  designed  to  be  attached  to  carriages  for 
impose  of  giving  them  motion  by  means  of  manual  labour,  or  by  other 
Ut  power.  It  consists  of  a  peculiar  combination  of  levers  and  rods, 
■ented  in  the  following  drawing,  in  which  a  and  6,  are  treadles 
8f  upon  joints,  and  having  slips  or  openings  about  two-thirds  of  their 
lif  lor  ^e  legs  and  rods  to  move  in ;  c  and  d  are  lep  or  crutches,  which 
sgainst  the  ground  as  fulcra,  by  which  the  carriage  is  moved  forward ;  e 
fare  rods  which  support  the  legs ;  g  and  h  are  double  rods,  by  which  each 
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treadle  !■  connected  to  iti  leg ;  tbe  leg  t,  thetunporting  rod  #,  and  the  tre»dle- 
rodif,  are  joined  together  by  a  pivot  at  ■ ;  the  leg  i^  the  lupporting-rod/,  and 
^'  '  "E  joined  together  at  the  pivot  k.  Tbe  mode  ^  operating 
> :— "  Pku  upon  the  treadle  a,  when  the  rod*  g  will  bring 


doirn  the  pivot  ■  vlth  the  leg  e,  the  rod  A  and  (lie  rod  g  into  tbe  situation  repre- 
■ented  in  outline;  the  carriage  being  connected  to  the  Ifg  e  by  the  rod  e,  will, 
by  the  action  of  tlic  leg  and  rods,  be  impelled  forward.  At  the  same  time,  bj 
pulling  a  cord  /  (which  passes  through  a  pulley-block  tu,  and  it  connected  at  ita 
two  extremities  to  the  rods,  e  and/|  by  the  arms  n  and  o)  the  leg  d,  the  rod^ 
tlie  ro^  A,  and  (he  pivot  6,  will  be  brought  up  to  the  situation  at  c  e  g  auii 
reipectively,  ready  for  a  stroke  of  the  treadle  b,  which  being  then  railed,  nill 
again  impel  the  carriage."  Tbe  patentee  alio  itates  that  "  tliere  may  be  several 
Mt*  of  the  machinery  above  described  far  working  each  set  with  a  treadle ;  or 
even  only  one  set  and  one  treadle ;  but  I  prefer  two  for  ordinary  purposes,  par- 
ticularly when  only  a  single  person  is  intended  to  be  conveyed  in  the  carriage, 
vlio'may  work  the  same  by  placing  one  foot  on  each  treadle,  in  which  the 
action  will  be  alternate.  1'lie  lower  parts  of  tlie  leg  should  be  so  formed  or 
■hod  as  not  to  slip  upon  the  ground.  This  machinery  may  be  variously  applied 
to  carriages,  according  to  circumstances,  so  as  that  the  treadles  may  l>e  worked 
either  behind  or  before  tbe  carriage,  still  producing  a  forward  motion ;  in  some 
cases  it  may  be  advantageous  to  joint  the  front  end  of  the  treadles  to  the  car- 
riage, and  press  the  feet  on  the  hind  ends." 

Our  common  roods,  alihoiigli  constantly  undergoing  ameliorations,  have  not 
yet  arrived  at  that  degree  of  excellence  to  enable  such  machines  at  the  foregoing 
to  be  worked  by  manual  labour  advantageously ;  but  wo  look  forward  to  the 
period  when  (owing  to  tbe  spirit  of  emulation  that  will  be  excited  by  the  suc- 
ceu  of  the  railway  system)  the  resistance  to  the  motion  of  wheeled  carriage* 
on  the  public  highways  will  be  reduced  to  half  its  present  amount;  which  will 
Tender  manual  locomotive  carriages,  in  many  caico,  not  only  practicable,  but 
highly  convenient  and  useful  to  tbeir  private  owners.  We  would  not,  howevet; 
be  understood  as  inferring  that  such  motive  force  can  ever  come  into  successful 
competition  with  steam  or  even  hone-power,  ai  a  means  of  |>ii£&  transport; 
nor  that  such  a  machine  as  Mr.  Baynea's  is  calculated  to  apply  human  atrengtb 
in  the  most  favourable  manner.  Hereafter  we  shall  hare  more  to  remw^  oa 
this  subject 
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gh  the  inyention  of  Mr.  Hawks,  described  at  page  409,  was  exceedingly 
9  and  the  execution  highly  creditable  to  the  mechanical  skill  of  out 
I  of  iron,"  its  success,  as  applicable  to  the  construction  of  railways,  was 
luration;  for  in  October,  1820,  the  specification  of  Mr.  John  Birkin- 
he  Bedlington  Iron  Works,  in  the  county  of  Durham,  was  enrolled  for 
f  constructing  rails  entirely  of  malleable  iron,  the  process  of  which  is 
,  and  the  result  so  excellent,  as  scarcely  to  leave  any  thing  more  perfect 
Ired ;  all  the  bars  of  our  present  edge-railways  are  made  by  this  pro- 
.  are  but  slightly  modified  in  form.  Previous  to  Mr.  Birkinshaw*8 
lents,  the  edge-rails  were  chiefly  of  cast  iron,  resembling,  for  the  most 
le  described  under  Messrs.  Losh  and  Stephenson's 
md  those  which  were  formed  of  malleable  bars  were 
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tional  shape,  designated  in  the  annexed  fissures  in  the 
the  first  being  technically  called  flat,  and  the  second 

ITS. 

rkinshaw's  attention  was  first  drawn  to  the  subject  of  ^^^  . 
nf  malleable  for  cast  iron  rails,  by  reading  a  Keport  ^f:-!^ 
Mr.  Stevenson  at  that  time,  on  the  Edinburgh  Rail- 
t  page  26  of  that  Report,  the  author  remarks,  "  One 
irever,  deserves  particular  notice  here,  as  likely  to  be 
witli  the  most  im|>ortant  advantage  to  the  railway 
rhich  is  the  application  of  malleable  iron  instead  of 
rails.  Three  miles  and  a  half  of  this  description  of 
are  been  in  use  for  about  eight  years  on  Lord  Carlisle's 
t  Tindal  Fall,  in  Cumberland,  where  there  are  also  two  miles  of  cost 
;  but  the  malleable  iron  road  is  found  to  answer  better  in  every  respect, 
rats  with  malleable  iron  rails  have  also  been  made  at  Mr.  Taylor's 
It  Ayr,  and  Sir  John  Hope's,  at  Pinkie ;  and,  upon  the  whole,  this 
as  in  the  case  of  the  Tindal  Fall  Railway,  is  not  only  considerably 
in  the  first  cost  than  the  cast-iron  railway,  but  is  also  much  less  liable 
mt  In  the  use  of  malleable  iron  bars,  the  joints  of  the  railway  are 
Dtly  obtained  about  twelve  feet  apart,  and  three  pedestals  are  generally 
each  pair  of  joints."  Previous  to,  and  at  the  period  of  Mr.  Birkin- 
ateot,  a  considerable  degree  of  prejudice  existed  against  the  use  of 
s  iron  rails,  on  account  of  thehr  supposed  liability  to  waste  by  rust  To 
i  mestion  by  the  test  of  experience,  the  agent  of  Uie  earl  of  Carlisle, 
1  Fall  (where  extensive  hues  of  both  kmds  of  rails  were  in  use,  as 
nentioned)  was  applied  to  for  information  on  the  subject.  In  a  letter 
iy»  1819,  to  Mr.  Birkinshaw,  that  gentleman  said — "  Our  rails  are  one 
Ix  inches  square,  and  stand  upon  stones  ^about  ten  inches  square,  and 
id  at  one  yard  distance  from  centre  hole  to  centre  hole.  Our  railway 
Kir  tons  weight,  and  has  never  cost  us  any  thing  yet,  as  to  expense  of 
iaide  iron,  except  creasing.  The  iron  I  cannot  tee  the  least  cuteratkon 
wugh  it  has  now  been  laid  eight  years.  The  cast  iron  is  a  daily  expense ; 
king  every  day."  The  causes  of  the  preservation  of  malleable  iron 
posed  to  the  weather,  from  rust,  and  tneir  slow  wear,  may  be  readily 
.  to  be  the  constant  friction  to  which  they  are  subjected  by  the  traffie, 
te  condensation  of  the  upper  surface  of  the  metal  by  the  heavy  weights 
er  it,  which  produces  ;a  hard  compact  coat,  like  that  produced  by  cold- 
Dff  steel  and  copper  plates.  The  facilities  which  cast  iron  presents,  of 
me  engineer  readily  to  mould  and  run  it  into  such  forms  as  will  com- 
ntmost  strength  with  the  least  quantity  of  material  (individually  con- 
made  it,  for  a  lone  time,  a  favourite ;  but  the  necessity  of  guarding 
feakage,  owing  to  the  brittleness  of  the  substance,  occasioned  them  to 
•o  much  heavier  than  the  malleable,  as  to  render  the  latter  even  of 
ioat  than  the  cast  metaL  It  was  from  considerations  of  this  nature  that 
inahaw  was  induced  to  attempt  those  improvements  that  are  described  in 
ficallon ;  an  extract  from  which  we  shall  now  make,  it  being  particu- 
thy  of  notice,  as  it  is  descriptive  of  the  first  and  perfectly  successful 
»  roll  iron  bars  of  those  varied  and  useful  forms,  which  so  much  abridge 
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Iha  hbonn  oT  the  tmith  uid  en^aew,  and  ghe  a  Uglm  degrM  af  « 
to  the  product*  of  their  woikahop* : — 

"  My  invention  con  U9ta  in  the  adaptation  of  wrooght  or  malleaUl 
or  null  of  a  peciAor  foim,  iliilead  of  cut-iron  rails,  ai  heretofore. 


intended  to  be  carried  along  the  toad,  by  which  the  original  coat  at 
wa»  conuderablj  augmented ;  or  if  light  rails  were  uied,  tbe  neceMJ 
quenlly  repairing  entailed  a  heavy  expenie  upon  the  proprietort.  T 
theie  objections,  1  have  invented  a  bar  (o  be  made  of  wrought,  or 
iron,  the  original  coat  of  which  wQl  be  leu  than  the  ordiuaiy  caat  in 
ban,  and,  at  the  lame  time,  will  be  found  to  require  little  (if  an;)  r«p 
the  coune  of  many  years.  The  rails  or  bars  which  I  have  invented  ■ 
as  prismi,  though  their  sides  need  not  of  neceisity  be  Sut  /^-  1  ■ 
sections  of  the  bar  thus  formed ;  the  upper  lurface  upon  J^ 

which  the  wheel  of  the  carriage  ii  to  run  is  ilightiy  convex,  gttigsegB 
in  order  to  reduce  the  friction  ;  and  the  under  part  rests  in  ^^BaM 
the  Bupporting-blockt,  churs,  rests,  standards,  or  pedestal^  ^^^H 
which  are  mounted  upon  the  sleepen.  The  wedge-form  ^H^b 
is  proposed,  because  the  strength  of  the  rail  ia  alw^s  in  ^^H 

proportion  to  the  square  of  its  breadth  and  depth.    Hence  ^H 

this  form  poueaaei  all  the  itren^h  of  a  cube  equal  to  its  Jr 

aquare,  with  only  half  the  quantity  of  metal,  and,  conse-  "f" 

quentlv,  half  the  coat.  Sufficient  atrengtb,  however,  mav  4^SSL 
be  still  retained,  and  the  weight  of  metal  further  reduced,  \^gS 
by  fonning  the  bars  with  concave  sides,  as  shown  in  section,  ^^^B 
by  figi.  3  and  4.  The  mode  of  making  iron  ban  of  a  \^S 
^at  variety  of  forms,  we  have  already  generallv  ezpluned  ^^M 

u)  our  acconnt  of  the  iron  manufacture.     See  Iboh.  ^^ 

We  shall  therefore  briefly  describe  here  Mr.Birkinihaw's  Fi$. 

rollers,  with  reference  to  the  following  figure,  which  repre-  ^(MngB 
senta  an  elevation,  or  side  view,  of  a  pair  of  them.  It  ^^SU 
will  be  observed,  that  the  peripheriea  of  each  roller  are  ^^^H 
indented  with  a  seriet  of  grooves,  like  mouldings;  each         ^^^| 

Score,  except  one  in  the  iqtper  roller,  corresponding  in  ^^b 

rm  with  another  in  the  lower  roller  that  is  opposite  to  ^B 

it;  and  that  the  figures  represented  by  the  hollow  spaces  r 

left   between  the  pair  of  rollers,   are   produced  by  the  J% 

opposite  aurfiues  being  brought  into  contact.  It  will  ^^leSKB 
Aerefbre  be  obvious,  that  when  a  red-hot  bar  of  iron  ii  ^f^^^ 
qiph'ed  to  the  grooves  of  such  rollers,  forced  round  by  a  "^ffl 

Cwerfiil  steam-engine  with  great  velocity,  the  iron  will  g 

Gompreued  into  the  same  form  throughout  its  length.  ^ 

The  form  of  rail  now  most  approved  of,  which  we  shall  have  K 

occasion  hereafter  to  describe,  is  made  bv  the  same  kuid  R 

of  macliinery  just  noticed.      It  may  lie  deserving  of 
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W9,  thai  Mr.  Birkinihaw  tug* 
.  of  bis  specification,  that  his 
ibteen  feet  long)  shoiQd  be 
■lid  to  end,  continuously,  so 
auiTe  line  without  any  joint, 
the  jolting  and  concussions 
the  carriage  wheels  striking 
i  each  length  of  the  ordinary 
are  connected  to  the  chairs, 
of  this  suggestion  serves  to 
oistakes  are  made,  sometimes 

men,  for  want  of  a  little 
we  make  no  doubt  that  the 
oon  sensible  of  what  most  of 
kware  of,  that  a  rail  so  con- 
Bjiy  provision  for  the  expan- 
ion  which  takes  place  in  the 
pheric  changes  of  tempera- 
tably  soon  he  thrown  into 
ng  of  the  rail,  and  the  con- 
iie  chairs  and  sleepers.  And 
for  thus  noticing  so  singular 
that  the  inexperienced  and 
of  the  specification  may  not 
error. 

-cut  in  the  mardn  was  de- 
rkinshaw,  to  exhibit  his  im- 
md  the  long  train  of  loaded 
vn  by  a  single  horse,  serves 

of  waggons,  and  the  nature 
nerai  use  at  the  period  of  the 


also  pro- 
rail  shown 
re,  which, 
sed  to  ad- 
ituations," 
specifying 

therefore 
rky^in  this 
uticularly 


lurface  of  Mr.  Palmer's  sus- 
ui  invention  of  ereat  merit, 
ly  appear  in  its  chronological 

access  of  Mr.  Birkinshaw^s 
effect,  as  might  be  expected, 
e  proprietors  of  rival  and 
works,  to  try  their  skill  in 
invention.  Hence  we  find 
1,  of  Newcastle-upon-Tyne, 
Ive  privilege  for  his  "  certain 
e  construction  of  iron  rails  for 
th  of  September,  1821 ;  which 
n  the  enrolled  parchment,  to 
ing,  placing,  and  fixing  bars  of 
he  upper  surface  of  a  line  of 
lalleable  iron  rails,  of  what- 
I  may  be  in  the  longitudinal 
•  when  laid,  so  as  to  fhrm  an 
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uninterrupted  line  the  whole  length  of  the  bar,  which  may  be  as  long  u  it 
ghall  be  found  convenient  and  economical  to  use,  and  of  the  same  br^th  as 
the  upper  surface  of  the  rails  to  which  it  is  fixed,  or  a  little  broader  or  narrower. 
Secondly,  in  some  cases  I  fix  a  band  or  strap  of  malleable  iron  to  the  under 
surface  of  rails  made  of  cast-iron,  in  order  that  such  band  or  strap  may,  by  its 
power  of  tension,  give  support  to  the  cohesion  of  the  parts  of  the  cast-iron  ndk 
and  admit  of  its  being  made  lighter,  and  thus  save  expense,  while  it  sddi  to 
security  from  breakage.  Thirdly,  I  claim  as  an  improvement,  a  rail  formed  hf 
fixing  two  bars  of  malleable  iron  on  their  sides  or  edges,  and  fibsing  them  in  thit 
position  by  bolts  and  studs,  or  by  any  other  convenient  method ;  and  on  their 
upper  edges  placing  and  fixin?  a  flat  bar  of  malleable  iron,  or  one  which  is 
slightly  curved  or  rounded  at  the  edges,  to  diminish  friction,  so  that  the  bsr  or 
plate,  placed  and  fixed  on  the  upper  edges  of  the  two  malleable  iron  bars,  ahall 
form  the  surface  upon  which  the  wheels  of  the  waggon  or  carriage  are  to 
revolve."  The  inventor  next  proceeds  to  give  *'  a  full  and  particular  descrip- 
tion of  all  and  every  "  of  his  modes  and  contrivances  for  connectiiig  the  psits 
of  this  compound  rail ;  but  as  these  are  of  too  uninteresting  a  nature  to  jpletK 
the  general  reader,  and  quite  unnecessary  to  the  practical  man,  vre  ahall  onit 
them.  It  is  not,  however,  to  be  wondered  at,  that  Mr.  Losh,  who  was  a  greil 
iron-founder,  should  endeavour  to  protect  his  own  metal  by  a  species  of  eonse^ 
vative  reform,  against  the  sweeping  radical  changes  advocated  by  Mr.  %ldo- 
shaw;  but  all  the  *'  bolts,  chains,  rivets,  and  straps"  of  the  former  have  eaMf 
failed  in  supporting  the  consen^ative  fabric,  ana  the  iron  rule  of  Birkinahsf 
which  first  manifested  itself  amongst  the  collieries  of  the  north,  has  since  bed 
powerfully  demonstrated  at  Liverpool  and  Manchester,  is  now  about  to  eiteMl 
Itself  to  Birmingham  and  London,  and  will,  doubtless,  soon  embrace  ereiy  tan 
in  the  empire. 

We  have  already  obser\'ed,  in  the  foregoing  part  of  this  article,  that  in  tke 
earliest  constructed  railroads,  which  were  chiefly  confined  to  a  descending  trsdr, 
from  the  coal  mines  to  the  shores  of  the  neighbouring  rivers,  very  little  sttes- 
tion  was  paid  to  the  formation  of  planes  of  uniform  inclinations ;  and  the  latter 
were  seldom  so  mat  as  to  render  it  difficult  to  draw  up  the  empty  waggom  <* 
their  return.  Very  abrupt  acclivities  were  partially  levelled,  and  deep  ehasmi 
and  ravines  only  filled  in :  consequently,  the  power  which  the  horses  had  to  eiat 
on  the  same  line  of  road  fluctuated  considerably.  In  some  parts  the  animals  were 
overworked,  and  in  others  they  were  an  incumbrance ;  so  that  it  often  benfW 
necessary  to  unhook  their  traces,  and  let  them  follow  the  waggons,  wlndi 
descended  simply  by  their  own  gravity.  For  a  long  period,  the  horse  wsi  ths 
only  power  used  upon  railways.  To  this  succeeded  the  application  of  the 
power  of  gravity,  to  cause  a  descending  heavy  body  to  raise  a  lighter  up  iB 
opposite  inclined  plane,  a  process  which  had  previously  been  emplo}'ed  op* 
canals,  in  drawing  the  empty  boats  out  of  the  water  on  to  a  higher  level,  bymMtf 
of  the  descent  of  the  loaded  boats  down  the  declivity.  But  a  little  considtf' 
ation  will  show  that  this  kind  of  power  can  only  be  resorted  to  in  peculiar  cff* 
cumstances  and  situations.  It  is  only  where  a  preponderance  of  goodMhn^ 
be  conveyed  in  one  direction,  and  where,  upon  any  declivities  occurring  in  the 
line  of  road,  that  preponderance  is  capable  of  overcoming  the  gravity  of  the 
returning  carriages,  that  the  action  of  gravity  can  be  used  to  advantage.  Iti^ 
therefore,  of  importance,  to  ascertain  upon  what  declivities,  with  a  given  preponder' 
ating  load,  this  power  is  available ;  me  object  of  all  such  inclined  planes  b^ 
to  convey  down  a  certain  quanti^  of  goods  in  a  nven  time,  and  to  do  thii  vita 
the  least  expenditure  of  power.  In  forming  a  railroad,  tlierefore,  with  the  vie* 
of  using  this  species  of  traction,  it  is  not  only  necessary  that  the  descent  of  the 
plane  be  such  as  to  give  a  preponderance  to  the  loaded  carriages  over  ih0 
which  are  empty,  but  such  a  preponderance  as  will  cause  them  to  deiceoA 
and  drag  up  the  empty  carriages  with  the  requisite  velocity.  For  if  we  pf^^ 
the  plane  a  greater  degree  of  inclination  than  requisite,  we  expose  the  rope* 
and  carriages  to  an  unnecessary  strain,  and  consirouently  to  additional  vftf 
and  cost ;  and  if  the  inclination  be  not  sufficient,  the  proper  performance  vw 
not^be  accomplished.     The  laws  which  govern  bodies  descending  inclined 
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i*«  bem  vei;  ably  dereloped  by  Mr. 
Wood,  ID  fan  fractieal  Treat'ut  on 
,  accompanied  with  inch  illuitmtion* 
ader  [heiubjcct  a  matter  of  eaiycal' 
to  tbota  of  our  readrn  who  may  be 
:  in  the  lubjfct ;  to  which  woilc  wa 
trefore,   great   pleasure   in  referrbg 

0  ihall,  uoirever,  here  nvail  ounelvei 
leription  given  by  that  eminent  engi- 

tbe  inanner  of  working  self-acting 
ilaiiei  in  the  neighbDurfaood  of  New- 
»-Tyne. 

uuxed  figure  repreienta  a  ground 
le  wheel  u  v  of  a  )elf-acting  inclined 
md  the  rim  of  trbich  the  rope  winds, 
the  loaded  carriagei  drag  the  empty 
h*  plane.  Tlie  wheel  ii  generally  of 
■bout  iis  feet  diameter,  witli  aix 
id  a  grooved  rim  for  the  rope  to  wind 

1  groore  being  only  of  luflinent  width 
M  mpe  within  it  ai  tlie  wheel  movei 
DOiequently  the  rope,  when  in  action, 
ea  round  one  half  of  the  wheeel,  from 
At  the  top  of  the  plane,  a  square  hole 
lh«   lidei  of  which  are   hned  with 

tha  top  being  nearly  upon  the  same 
be  railroad ;  the  wheel  b  then  placed 
two  frame*  of  timber,  the  upper  of 
iandcif  are  shown  in  the  drawing. 

kept  iteady  by  the  diagonal  bracea 
«  eaniagei  on  which  tlie  azie  rum 
d  on  tlie  front  of  theie  frame* ;  the 
le  at  g,  and  the  other  immediately 
on  which  the  ends  of  the  axle  that 
the  wheel  rett,  and  on  which  it  ii  at 
I  nm  freely  round.  At  the  top  of  the 
plane,  a  certain  apace  of  ground,  for 
Bnty  or  thirty  jarda,  (varying  accor- 
Im  number  of  carriage*  nm  down  at  a 
i  made  nearly  level,  on  which  the 
aniagei  remain  until  they  are  to  be 
down,  and  on  which  the  empty  one* 
r  their  paaaaee  up  the  plane ;  at  the 
lii  level,  or  slightly  inclming  ground, 
Trom  the  tup  of  the  plane,  the  wheel 
,  andimall  horiiontalBbeevM  iiitit 
■A  in  tlie  direction  the  rope  runs,  to 
iti  being  injured  by  dragging  ^ong 
id,  and  also  to  diminiah  its  friction, 
siiontal  iheeves  are  placed  at  inler- 
eveiy  eight  or  ten  yard*  upon  the 
at  one  end  to  the  other.  The  diaw- 
ibow  the  periphery  of  two  kind* ;  the 
%  flat,  and  the  other  circular,  and  of 
iuit  lufficisnt  to  admit  the  rope  upon 
diameter  about  eleven  inches,  with  a 
1  («ch  side  to  prereut  the  rope  from 
off:  they  are  made  most  frequently 
ipon  pieces  of  wood,  and  sometimes 
t-irgn  Hands,  placed  upright  upon  the 
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middle  of  the  road  ;   the  axles  are  made  of  wrought-iron,  and  where  thej  n 

upon  the  upright  bearings,  about  three  quarters  of  an  inch  diameter.     The  pha 

is  then  made  into  a  proper  slope,  between  the  platform  or  level  upon  which  d 

wheel  is  placed,  and  the  lower  extremity,  when  a  similar  flat  or  piece  of  lef 

road  is  made,  for  the  descending  train  of  waggons  to  land  upon.     The  slope 

either  uniform,  or  such  as  the  nature  of    the  ground  will  permit    Som 

times  it  is  necessary  to  make  considerable  bends  or  curves  in  the  line  of  d 

road ;  but  whatever  be  Xhe  form  or  length  of  the  slope,  it  must  always  be  term 

nated  at  each  end  by  these  flat  platforms.    The  narrow  parallel  lines  in  tl 

drawing,  will  show  the  rails  as  laid  down  upon  the  platform ;  the  wheel  beii 

placed  below  the  level  of  the  rail,  the  square  hole  is  covered  up,  and  the  m 

pass  over  upon  the  cover.     In  the  drawing,  the  rails  are  broken  oft  at  ^  A',  tl 

cover  being  removed  to  show  the  wheel.   The  dotted  line  A  A,  may  be  suppose 

to  represent  the  one  end  of  the  platform,  and  the  top  of  the  plane.     Three  rai 

rrr  are  laid  from  this  part  nearly  half  way  down  the  plane,  of  the  requisil 

width  between  each  rail,  for  the  carriages  to  run  upon,  so  that  both  the  aseeni 

ing  and  descending  train  pass  upon  the  middle,  and  upon  one  of  the  oiiti 

rails ;  these  are  continued  to  where  the  one  train  of  waggons  have  to  pass  eae 

other.     The  three  rails,  then  made  to  branch  into  four,  in  the  same  mai 

ner  as  A  A  to  B  B,  for  a  certain  distance,  sufficient  to  allow  the  carriages  < 

pass  each  other ;  these  four  rails  then  converge  into  two,  or  a  single  line  < 

road,  as  shown  at  c  c,  and  are  so  continued  to  Uie  bottom  of  the  plane,  so  thi 

parcdlel  lines,  as  shown  in  the  drawing,  will  represent  a  complete  passinj 

The  empty,  or  ascending  carriages  will  be  at  c  c  when  the  loaded  carriages  ai 

at  A  A,  and  they  will  pass  each  other  between  K  and  B  B'.  In  this  form  of  plan 

it  will  be  seen,  that  the  loaded  carriages  pass  alternately  down  the  sides  D  an 

£^     For  instance,  if  they  commence  their  descent  at  D,  one  end  of  the  roj 

being  attached  to.^em,  and  the  other  end  being  at  £,  at  the  foot  of  the  plan* 

and  fiutened  to  the  empty  carriages,  the  loaded  carriages  will  pass  down  I 

and  when  they  arrive  at  the  bottom,  the  empty  ones  will  arrive  at  the  top,  at  1 

Upon  the  other  side  of  the  plane,  the  loaded  carriages,  in  the  next  operatioi 

pass  down  the  side  £  of  the  plane,  and  the  empty  ones  up  D,     When  xm 

for  passing  boats  from  one  level  to  another  upon  canals,  and  also  on  seven 

railroads,  a  double  line  of  road  is  laid  from  top  to  bottom  of  the  plane,  with 

double  line  of  rollers  or  sheeves ;  but  the  reader  will  perceive,  that  m  most  casa 

the  one  above  described  will  answer  precisely  the  same  purpose.    In  very  sbor 

planes  the  obliquity  of  the  road,  in  passing  from  a  double  to  a  single  line,  vfl 

cause  a  retardation  to  the  carriages,  and  also  additional  friction  to  the  rspe; 

but  upon  long  planes  this  is  scarcely  felt,  and  the  cost  of  a  double  road  tke 

whole  distance  would  be  considerably  greater. 

When  the  slope  of  the  plane  is  not  uniform,  descending  more  rapidly  >> 
some  parts  than  in  others,  or  when  the  descent  is  so  great  as  to  give  more  tbn 
a  requisite  preponderance  to  th^  moving  power,  a  brake  is  applied  to  the  ptri* 
phery  of  the  inclined  wheel,  to  equalize  or  regulate  the  velocity  of  the  carrnigcf 
down  the  plane ;  and,  in  many  instances,  men  traverse  the  plane  with  (lA 
train  of  waggons,  and  apply  the  brake  or  convoy  of  the  carriages  to  chiek 
their  velocity,  when  required  The  brake  upon  the  inclined  wheel  will  be  pe^ 
ceived  to  have  no  power  in  checking  the  velocity  of  the  carriages  more  tMB 
what  is  equal  to  the  hold  the  rope  takes  upon  the  wheel  in  passing  round  i^ 
semi-periphery ;  for  if  the  excess  of  gravity  of  the  loaded  carriages,  ab0*< 
what  IS  required  to  overcome  the  whole  retarding  forces,  be  greater  than  ^ 
hold  of  the  rope,  the  wheel  may  be  completely  stopped,  and  the  rope  slide  roaB| 
the  wheel,  which  in  some  instances,  might  be  attended  with  danger.  The  dech- 
vity  of  the  plane  should  never  be  so  great  as  to  cause  such  an  excess  or  ^ 
ponderance  of  gravity,  when  such  a  wheel  as  this  is  used. 

Many  other  plans  have  been  suggested  for  employing  gravity  as  a  maffB^ 
power.  With  a  view  of  improving  upon  the  various  contrivances  for  sunnoos*" 
ing  the  natural  difficulties  of  a  hilly  country,  Mr.  Benjamin  Thompeoo,  Isteff 
Ayton,  Durham,  took  out  a  patent  dated  October  24,  1821,  for  "  a  meth«l  • 
facilitating  the  conveyance  of  carriages  along  iron  and  wood  railways^  tnunv^ 
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and  other  roads;*'  in  the  specification  of  which,  he 
states,  that  it  consists  in  tne  application  or  use  of 
two,  or  more,  fixed  engines,  placed  upon  the  rail- 
way, or  otlier  road  to  be  used,  at  such  a  distance  from 
ecich  other  as  the  nature  of  the  line  cliosen  shall 
render  most  convenient,  and  in  such  a  manner  as 
that  the  action  of  such  engines  shall  be  interchange' 
able  and  reciprocal,  Mr.  Thompson  says,  that  "  whe- 
ther the  line  of  road  rises  or  falls,  much  or  little,  is  level 
or  undulating,  matters  not ;  the  carriages,  loaden  and 
empty,  arc  made  to  pass  in  both  directions  with  a 
uniformity  of  progress,  and  at  the  same  time  with  a 
despatch  not  heretofore  known.  A  road  on  which  my 
invention  is  about  to  be  applied,  must  be  divided  into 
stages,  attention  being  given,  in  determining  their  dis- 
tances, to  the  nature  of  the  line,  in  regard  to  curves 
or  bends,  and  to  the  undulation  of  the  surface.  The 
nearer  it  approaches  to  a  level,  and  the  fewer,  as  also 
the  easier,  the  bends  are,  the  better  will  it  allow  of  tlie 
stages  being  extended.  On  the  other  hand,  should 
the  line  prove  to  be  a  very  uneven  one,  with  frequent 
and  short  bends,  then  the  intervals  or  spaces  between 
stage  and  stage  will  necessarily  be  required  to  be 
shortened  accordingly.  I  shall  probably  be  able  more 
clearly  to  explain  my  method  by  describing  a  supposed 
cose.  Let  the  supposed  road,  to  which  my  invention 
is  to  be  applied,  be  a  railway  (either  already  in  being, 
or  to  be  made,)  from  a  colliery  to  a  staith,  seven  and 
a  quarter  miles  in  length.  A  proper  survey  being 
taken,  and  a  plan  and  section  of  the  line  made,  I  find 
it  to  be  expedient  to  divide  it  into  five-  stages,  in  the 
manner  shown  by  the  drawing  annexed.  The  first 
stage  of  the  colliery  may  be  formed  to  a  tolerably 
uniform  ascent,  by  the  aids  of  cuts  iHid  batteries, 
of  one  and  half  inch  to  the  yard,  being  three-quarters 
of  a  mile  in  length,  and  terminating  at  a  summit,  on 
which  is  to  be  erected  a  stean^engine,  of  power  sufficient 
to  draw  up  the  plane  six  loaden  coal  waggons  at  once, 
containing  a  Newcastle  chaldron  each,  at  the  rate  of 
seven  and  a  half  feet  per  second.  This  stage  is  a  regular 
inclined  plane,  and  is  to  be  wrought  accordine^  to  the 
first  of  the'  modes  already  described  as  now  in  use ; 
for  the  returning  empty  waggons  will  pass  downward 
by  their  own  gravity,  and  take  the  rope  with  them, 
preparatory  to  the  drawing  up  of  another  loaden  set. 
The  full  set  being  drawn  up  in  eight  minutes  and  forty- 
eight  seconds,  the  empty  set  allowed  to  pass  down  in 
seven  minutes  and  eignteen  seconds,  and  three  minutes 
occupied  in  the  changes  at  the  ends,  will  cause  one 
operation  of  the  plane  to  be  completed  in  nineteen 
minutes  and  six  seconds.  The  engine  which  I  call 
No.  I  is  the  first  station.  The  second  stage  lies  over 
a  variable  or  undulating  surface,  the  two  extremities 
of  which  are  distant  one  mile  and  three-quarters,  and 
stand  nearly  level  with  each  other,  the  intermediate 
country  not  admitting,  but  at  too  great  a  cost,  of  the 
line  being  rendered  level ;  the  ascents  and  declivities 
are  moderate,  neither  exceeding  one  inch  in  the  yard ; 
are  easy,  and  not  numerous.  A  steam-engine.  No.  2, 
termination,  which  is  the  second  station,  to  be  \ised  Cox 
3  G 
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drawing  twelve  loaden  waggons  along  this  stage  at  once  at  the  rate  of  eight  and 
three-quarters  feet  per  second,  and  bringing  along  with  them  a  rope  from  No.  I 
engine,    which   is   allowed   to   run  off  a   wheel,  not  connected  with  No.  1 
engine,  during  their  passage  to  No.  2  engine ;  upon  their  arrival  at  which, 
twelve  empty  waggons  are  substituted,  which  are  drawn   back  to  No.  1  by 
the  reconnexion  of  the  rope-wheel  with  that  engine,  bringing  with  them  a  rope 
from  No.  2  engine,  which  is,  in  like  manner,  suffered  to  run  off  a  wheel,  then 
thrown  out  of  connexion  with   No.  2  engine.     The  operation  of  this  stage, 
both  from  and  towards  the  colliery,  is  thus  carried  on  by  the  alternate  actioo 
of  Nos.  1  and  2  engines,  standing  at  its  extremities.     The  passage  of  a  set 
of  waggons   takes   up  seventeen  minutes  and  thirty-six  seconds   each  way, 
and  the  changes  three  minutes ;    making  together,  for  a  completion  of  the 
operation,  thirty-eight  minutes  and  twelve  seconds,  or  double  the  time  taken 
by  a  set  of  half  the  number  on  the  first  stage.     The  third  stage  is  also  one 
mile  and  three-quarters  long,  and  very  similar  in  regard  to  plan  and  section 
to  the  second  stage.     A  steam-engine.  No.  3,  is  placed  at  the  third  station, 
which  is  the  furthest  extremity  of  the  stage,  to  draw  the  loaden  waggons  along 
the  same ;  and  the  empty  ones  are  to  be  taken  back  by  No.  2  engine,  in  the 
manner  which  has  just   been  described  on    the   second   stage.     The  speed, 
and  the  number  of  waggons  to  a  set,  are  the  same  also.     The  fourth  stige  n 
more  favourable  tlian  the  second  and  third,  extending  over  a  gently  undulating 
country,  and  being  nearly  straight;  the  fourth  station,  or  further  extremity oif 
the  stage,  being,  in  point  of  level,  twenty  feet  higher  than  the  other  end  of  iL  A 
steam-engine,  No.  4.  is  to  stand  at  the  fourth  station,  to  be  used  for  drawiagthe 
waggons  from  the  third  station.    Nos.  3  and  4  engines  will,  thus  alternately  act  to 
each  other  on  this  stage,  as  Nos.  1  and  2  have  been  described  to  reciprocate oo 
the  second  stage,  and  also  Nos.  2  and  3  on  the  thii-d  stage.     The  length  of  tbii 
stage  is  two  miles ;  and  twelve  waggons  arc  to  travel  together,  at  the  rate  often 
feet  per  second,  which  will  complete  the  process  of  a  passage  each  way,  with 
the  changes,  in  thirty-eight  minutes  and  twelve  seconds.     The  fif)h  and  lait 
stage,  which  is  one  mile  long,  declines  regularly  by  the  help  of  cuts  and  batteries 
to  the  staith,  averaging  three-quarters  of  an  inch  to  the  yard.     The  loaden 
waggons  are  made  to  pass  down  .the  same,  in  connexion  with  the  machineiy  of 
No.  4  engine,  and  also  during  the  time  of  its  drawing  a  set  of  full  waggoii 
along  the  fourth  stage ;  the  waggons  along  the  fifth  stage  moving  withhiif 
the  velocity  of  the  waggons  along  the  fourth  stage,  or  five  feet  per  second,  and 
consequently  performing  the  journey  in  the  same  time.     The  advantages  of 
this  cooperative  movement  are,  that  No.  4  engine,  being  aided  by  the  graiitf 
of  the  twelve  loaden  waggons  passing  down  the  inclined  plane  to  the  ttaith, 
requires  only  about  one  half  the  power  which  otherwise  would  have  been 
necessary  for  drawing  independently  the  full  waggons  from  the  third  statioB, 
and  the  descending  waggons  themselves  are  restrained  from  proceeding  to* 
rapidly,  and  their  speed  accurately  regulated.     The  engine  No.  4  is  used  ta 
draw  the  empty  waggons  back  agam  from  the  staith.     This  mode,  whereby  dit 
gravity  of  the  loaden  waggons  passing  down  an  inclined  plane  is  appUed  in  aid 
of  an  engine  for  drawing  loaden  waggons  forward  upon  another  stage,  is  (puK 
new,  and  has  never  been  used  before  ;  but  I  do  not  claim  it  aa  any  part  td  0/ 
said  invention.     The  second,  third,  and  foinrth  stages,  are  those  on  which  nf 
method  is  applied.     Nos.  1  and  2  engines  reciprocate,  or  act  interchangethij 
with  each  other  on  the  second  stage ;  No.  2  drawing  the  loaden  waggons  fimo 
the  first  to  the  second  station,  and  No.  1  pulling  the  empty  (or  in  case  of  neei 
loaden)  waggons  back  again.     Engines  Nos.  2  and  3  operate  alternately  in  the 
same  manner  with  each  other  upon  the  third  stage ;  and  so  also  do  Nos.  3  and 
4  on  the  fourth  stage.    The  engines  are  severally  to  be  furnished  with  two  rap«" 
wheels,  and  a  rope  to  each,  of  a  length  and  strength  suitable  to  the  stage  ly* 
which  they  are  to  be  used.     The  rope- wheels  must  be  so  constructed  as  to  all'' 
*  k?**^^  connexion,  or  the  contrary,  with  their  respective  engines,  so  as  to  bt 
*^^R™^f  ^e»ng  acted  upon  by  them,  or  of  turning  round,  independently,  at  ^ 
will  ot  the  engine  man.     This  may  be  readily  accomplished  by  any  one  of  the 
modes  m  use  with  mill-wrighu  for  throwing  machinery  into  or  out  of  geer,  ^ 
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moving  power,  and  does  not  require  to  be  here  described.  I  make  use  of  very 
ht  friction-wneela,  abed,  &c.  in  tlic  drawing,  placed  vertically,  at  proper  in- 
"vals,  to  bear  the  ropes  from  the  ground,  where  the  road  is  straight;  and  round 
9  curves  or  bends  I  place  similar  wheels,  in  inclined  positions,  for  the  same 
rpose.  Although  two  miles  have  been  mentioned  as  the  longest  of  the  stages 
on  the  supposed  road,  it  is  practicable,  under  the  circumstances  of  a  favourable 
untry,  to  extend  the  operation  to  much  longer  stages.  Without  the  applica* 
a  of  my  invention  to  the  supposed  road,  of  which  a  detailed  account  has  been 
ren,  horses  would  be  required  to  draw  the  waggons  upon  the  second  and  third 
iget|  because  the  ascent  of  one  inch  to  the  yard  is  too  great  for  locomotive 
gines  to  be  used  upon  them,  independent  of  the  question  as  to  their  effecting  a 
ving  at  all  upon  horse  labour,  on  those  level  roads  where  they  are  applicable. 
pou  the  fourth,  or  two  mile  stage,  they  might  be  adopted;  but,  from  the  doubt 
itoan  advantage  under  any  circumstances  arising  by  their  use,  horses  would 
lost  likely  be  deemed  the  more  eligible  for  working  it  also.  Compared  with 
one  labour,  my  method  would,  upon  those  three  stages,  effect,  in  all  proba- 
ility,  a  saving  of  seventy-five  per  cent.  In  cases  of  greater  inequality  of  sur- 
ice,  the  saving  would  be  in  a  still  greater  ratio.  A  further  and  very  important 
tductiou  in  the  cost  of  a  new  road,  would  result  from  its  adoption.  In  the 
bmutioD  of  a  road,  it  is  generally  necessary  to  make  deep  cuts,  and  raise  high 
ntteries,  in  order  to  obtain  a  uniformly  rising,  falling,  or  level  surface :  and  it 
^uently  happens,  too,  that  the  direct  line  of  way  must  be  materially  diverged 
^rom,  to  favour  that  purpose.  My  plan  dispenses  with  such  nice  attention  to 
Kgularity,  the  engines  being  capable  of  surmounting  acclivities,  and  the  wheels 
vhich  give  out  the  followhig  or  passive  rope,  iiffording  the  means  of  restraining 
(he  too  rapid  progress  of  a  waggon  down  a  declivity.  In  short,  there  is  no 
country,  however  uneven  or  vaiiable  its  surface,  but  that  may,  by  my  method, 
be  traversed.  For  conveying  minerals  underground,  where  the  uneve/iness  of 
^  strata  and  their  general  disposition  to  undulation  do  not  allow  oi'  a  uniformly 
Mending,  descending,  or  level  road,  my  invention  is  peculiarly  applicable. 
Briefly,  then,  and  it  will  easily  be  collected  from  what  has  been  said,  *  My 
DMtbod  of  facilitating  the  conveyance  of  carriages  along  iron  and  wood  rail- 
**yiy  tramways,  and  other  roads,'  is  the  reciprocal  action  of  two  engines,  stand- 
ing it  the  extremities  of  a  stage,  or  portion  of  road  to  be  travelled  over,  one 
N|giae  drawing  the  carriages  forward  in  a  direction  towards  itself,  and  along 
with  them  a  rope  from  the  other  engine;  which  rope,  in  its  turn,  pulls  the  same 
Of  other  waggons,  by  means  of  the  other  engine,  back  again,  and  also  a  rope 
therewith — thus,  by  the  alternately  active  and  passive  agency  of  two  ropes,  are 
(he  powers  of  fixed  engines  made  to  act  in  opposite  directions,  thereby  causing 
( roed  to  be  traversed  both  ways,  by  loaden  or  empty  carriages,  at  any  desired 
IKcd.  It  is  the  reciprocal  and  interchangeable  application  of  power,  as  hath 
Deen  described,  which  I  claim  to  be  my  invention." 

The  inventor  had  an  opportunity  of  putting  his  plan  into  execution,  imme- 
diately afler  the  sealing  of  his  patent,  at  Ouston  colliery,  in  the  county  of 
Dwham,  and  about  seven  miles  from  Newcastle,  upon  a  length  of  line  of  seven 
umI  a  quarter  miles,  as  in  the  supposed  case  mentioned  in  tho  specification. 
^  pnnciple  was,  however,  at  that  time  only  applied  through  the  medium  of 
^voiteam-engines,  previously  used  in  drawing  loaden  waggoiis  up  inclined  planes. 

The  distance  of  the  two  engines  from  each  other  was  2315  yards,  the  upper 
^  whereof  is  a  steep  inclined  plane,  323  yards  long,  up  which  the  carriages 
'ete drawn  by  the  Ayton  engine;  and  the  remaining  portion,  which  is  1992 
fttda,  whicli  had  previously  been  worked  by  ten  powerful  horses,  the  ascent  of 
t  being  65^  feet,  but  not  a  regular  acclivity.  The  engine  at  the  lower  end  w&s 
^  the  purpose  of  drawing  loaden  waggons  up  an  inclined  plane  extending  387 
f*Hs  in  the  contrary  direction,  or  towards  the  colliery.  The  two  engines,  in 
^tion  to  their  former  work,  have  been  made  to  reciprocate  with  each  other 
^er  the  whole  length  of  the  hor^e  road  (which  has  considerable  curves  and 
'^'^larities)  according  to  the  mode  described  in  the  foregoing  spccitication 
'pen  the  second,  third,  and  fourth  stages. 
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Six  loaden  waggons,  coupled  together,  carrying  the  same  ni^mbcr  of  New 

castle  chaldrons,  or  15  tons  18  cwt.  of  coals,  pass  upward  at  a  sjieed  of  10|  fe< 

per  second,  or  7  miles  an  lioilr,  with  the  greatest  case  and  certainty,  affordin 

a  despatch  by  no  means   derived  previously  from  the  use  of  animal  powe 

The  two  extremities  being  visible  to  each  other,  are  furnished  with  fia^  ' 

give  alternate  signals  of   the  readiness  of  the  waggons  to  proceed.     Wbc 

the  atmosphere  is  hazy,  and  the  flags  cannot  be  seen,  signals  are  made  I 

drawing  forward   the  rope  three  or  four  yards  with  the  engine,  at  that  ei 

which  the  waggons  are  intended  to  go^  and  which  is  instantly  perceived  at  t1 

other  end.     And  in  the  dark,  (for  the  work  is  daily  prosecuted  during  five 

six  hours'  absence  of  light  during  this  period  of  the  year,)  signals  are  given  1 

a  fire  kept  up  at  each  end  for  lighting  the  workmen,  which  is  shut  from, 

opened  to,  the  view  of  the  opposite  extremity  by  means  of  a  door.     A  per»< 

accompanies  the  waggons  constantly,  seated  in  a  chair  fixed  securely  upon  tl 

fore  end  of  one  of  the  soles  of  the  leading  waggon  of  the  set,  which  is  eari 

removed  from  one  to  another.     The  use  of  such  attendant  is  to  disengage  tl 

hauling  rope  from  the  waggons  by  means  of  a  spring  catch,  in  the  event  ofar 

sudden  emergency,  such  as  the  breaking  of  a  wheel  or  rail,  or  the  hazard  < 

running  down  any  object,  tlie  stage  in  question  lying  over  a  common.    Fri< 

tion  wheels  of  cast-iron,  weighing  14  lbs.  each,  having  an   axis  of  malleibl 

iron,  turned  in  a  lathe,  and  weighing  1  lb.  and  running  upon  a  frame  of  oak 

are  placed  eight  yards  asunder,  on  the  straight  parts  of  the  way,  and  five  yiri 

from  each  otlier  along  the  curves.     For  the  latter  purpose  they  are  put  mU 

frames  of  iron  and  wood,  which  allow  of  an  inclined  position  to  any  angk 

The  requisite  inclination  of  the  wheel,  or  that  which  is  best  suited  to  the  cor 

vature  of  the  road,  is  soon  found  out  by  the  road-wrights.     The  greatest  dem 

tion  from  a  vertical  line  found  necessary  in  the  present  case,  was  45  degreei 

The  angle  properly  adapting  the  leaning  friction-wheel,  is  that  which  alkm 

of  neither  an  upward  or  downward  stress  of  the  rope,  but  which  present!  tk 

wheel  in  such  a  manner  as  that  the  strain  of  the  rope  shall  be  in  a  line  atrigbl 

angles  with  the  axis.     The  friction-wheels  are  11  inches  diameter,  with  a  gio^n 

2^  inches  deep,  opening  from  a  narrow  bottom  to  4^  inches  at  the  top.    Ik 

inclining  wheels  have  a  cast-iron  horn  projecting  5  inches  from  the  frame  atiti 

under  side,  to  receive  and  guide  the  rope  into  the  groove.     The  wheels  are  J 

made  to  nm  upon  oak  bearings,  and  are  greased  once  everyday;  they  itt 

well,  and  run  in  the  lightest  possible  manner,  occasioning  a  friction  incredibly 

small  when  their  number^  (o50,)  and  the  length  and  weight  of  ropes,  are  ecu* 

dered ;  for  in  order  to  preserve  and  keep  safe  the  ropes,  they  are  both  hottid 

every  night,  the  last  set  of  loaden  waggons  being  drawn  up  without  the  tail « 

pa!»sive  rope,  and  in  the  morning  that  rope  being  first  conveyed  upwardi  ww 

a  single  empty  waggon  by  'i  horse,  which  performs  the  task  without  difficulty^* 

the  common  working  pace  !>f  2^  miles  per  hour. 

In  the  fourth  volume  of  the  Trotnactions  of  the  Highland  Society^  ape«*W 
very  interesting  papers  by  Mr.  Scott,  of  Orniiston,  which  are  descriptive  • 
several  ingenious  methoils  of  overconnng  ascents  on  railroads  by  meani  • 
aniujal  power ;  they  are,  for  the  most  part,  unsuited  to  the  scale  of  operatioB' 
eonten»plated  in  the  great  lines  of  public  railroad  now  forming  in  all  parts « 
the  kingdom  ;  but  in  branch  communications  from  one  line  to  another,  andfo 
facilitating  the  traffic  and  intercourse  of  adjacent  towns  and  villages  wilhtki 
main  lines,  as  well  as  the  formation  of  private  railroads,  where  economy  ofwB* 
itruction  is  of  primary  importance,  some  of  the  suggestions  of  Mr.  Scott  appc^ 
to  be  deserving  of  attentive  consideration.  Under  these  impressions  we  nw 
make  a  few  extracts  from  those  papers,  for  the  information  of  our  readers* 

In  the  first  plan  which  we  shall  notice,  waggons  or  carriages  of  any  kini* 
also  boats  on  carriages,  having  wheels  to  correspond  with  the  breadth  of  v 
railways,  will  continue  as  horizontal  in  passing  up  and  down  incUned  P^*"^ 
even  of  45"  of  elevation,  as  if  travelling  upon  a  level  railway.  The  first  idea* 
thi«,  was  to  construct  waggons  on  purpose  for  ascending  and  descending  op* 
these  steep  inclined  planer ;  but  an  improvement  was  afterwards  thought  o(bf 
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irbich  carriages  of  almost  every  description  may  pass  up   and  down   these 
inclined  planes,  provided  that  their  wheels  be  fitted  to  the  railways. 

All  public  lines  of  railway  will  require  two  distinct  sets  of  railway  tracks, 
and,  consequently,  the  inclined  planes  upon  it  must  be  fitted  up  with  machinery 
ihat  will  take  up  carriages  upon  the  ascending  plane,  either  empty  or  loaded, 
it  the  same  time  that  empty  or  loaded  carriages  are  passing  down  the  descend- 
ing plane ;  and,  in  like  manner,  let  down  on  the  descending  plane  either  empty 
or  loaded  carriages,  when  there  are  neither  empty  nor  loaded  carriages  to  pass 
up  the  ascending  plane :  all  such  properties  are  requisite  for  general  service  on 
a  public  line  of  railway.  Inclined  planes  that  have  upon  them  ascending  and 
deicending  tracks,  are  called  double  inclined  planes ;  but  those  about  to  be 
described  may  be  called  double-railed  inclined  planes,  as  both  the  ascending 
and  descending  planes  have  two  sets  of  rails. 

The  first  step  to  be  taken  towards  the  formation  of  these  inclined  planes, 
ii  to  commence  at  the  foot  of  the  acclivities  that  are  proposed  to  be  ascended 
and  descended,  and  to  cut  forward  a  level  roadway  of  a  necessary  breadth  for  a 
double  railway,  not  having  less  than  four  feet  in  breadth  between  the  two  rail- 
ways, until  a  perpendicular  height  is  gaine.l  of  from  eight  to  ten  feet.  This 
&ce  is  not  to  be  left  perpendicular,  as  in  the  last  proposed  method,  but  is  to  bo 
sloped  away  towards  the  rise  of  the  acclivity  with  an  uniform  regular  shape, 
nnlil  it  forms  an  angle  of  4.'5<>  with  the  horizon,  or  an  outward  angle  of  135o 
with  the  level  line  of  the  railway.  At  the  top  of  this  inclined  plane  we  again 
commence  and  cut  forward  a  similar  roadway,  until  the  face  of  the  cut  be  such 
•i  will  admit  being  formed  into  another  inclined  plane,  like  to  the  first ;  and,  in 
like  manner,  continue  to  cut  forward  roadways  and  form  inclined  planes,  all  the 
way  to  the  top  of  the  acclivity,  or  else  to  a  height  where  it  may  be  judged 
proper  to  strike  oflT  with  a  level  railway.  All  these  steep  slopes  are  to  be  care- 
nilly  flagged  with  well-dressed  durable  stones,  laid  in  lime  ;  and  the  sides  of  the 
wadways  arc  to  be  properly  built  with  a  face-building,  until  it  reach  near  to  the 
fcotof  the  paved  slopes.  Strong  walls  are  also  to  be  built  on  each  side  of  the 
•lopes  with  large  hewn  stones :  the  tops  of  these  walls  are  to  be  carried  up 
pttallel  with  the  slope  of  the  pavement ;  and  the  height  of  each  of  these  walls, 
Weaauring  at  right  angles  with  the  pavement,  may  be  three  feet;  and  they  are 
to  be  carried  up  to  a  level  with  the  upper  roadway.  A  middle  wall  of  strong 
■ttson-work,  of  four  feet  in  thickness,  is  to  be  built  exactly  up  the  middle  of  the 
pived  slopes,  corresponding  precisely  as  to  height  and  slope  with  the  side  walls, 
Md  which  are  also  to  be  carried  to  a  level  with  the  upper  roadway. 

Matters  being  thus  far  arranged,  the  next  step  is  to  lay  all  the  level  roadways 
With  rails,  so  as  to  form  railways  of  about  four  feet  three  inches  between  the 
^h.  Rails  are  not  only  to  be  laid  along  level  roadways,  but  they  are  also  to 
■•laid  up  along  the  inclined  paved  planes,  in  a  secure  and  substantial  manner. 
There  is,  likewise,  a  rail  to  be  laid  upon  the  top  of  each  of  the  side  walls  of  the 
inclined  planes,  in  a  parallel  manner  to  those  upon  the  pavement,  and  which 
■f*  to  be  securely  fixed  within  three  inches  of  the  face  of  the  walls.  The 
*ogth  of  a  horizontal  line  between  the  rails  that  are  upon  the  pavement,  and 
*wthat  are  upon  the  top  of  the  side  walls,  will  be  found  to  be  (at  the  height 
|n*t  these  walls  are  proposed  to  be  built)  four  feet  three  inches,  nearly.  Now, 
«•  carriage  be  made  with  two  pair  of  wheels,  all  of  the  same  diameter,  having 
tt*  fore-wheels  to  correspond  with  the  railway-tracks  that  are  upon  the  pave- 
■••nt,  and  its  hind-wheels  with  a  longer  axis,  to  correspond  witii  the  distance 
"*tween  the  rail-tracks  that  are  fixed  upon  the  top  of  the  side  walls,  and  the 
ttles  of  the  two  pair  of  wheels  placed  at  the  calculated  distance  of  four  feet 
}"fw  inches  from  each  other, — then  will  the  body  of  such  a  carriage,  when  pass- 
*gwp  and  down  these  inclined  planes,  remain  equally  level  as  if  travelling  aiong 
"^el  railways.  A  carriage,  such  as  we  have  described,  could  not  travel  along 
•  failiray  with  single  ruil-tracks,  owing  to  the  axles  not  being  both  of  one 
^Jgth;  and  to  have  a  railway  on  each  side,  would  be  attended  with  nnich 
•'i'lional  expense ;  or  to  have  small  rollers  on  projecting  ends  of  the  hind- 
•^let,  would  give  the  carriage  an  awkward  appearance;  therefore,  the  following 
Method  is  proposed  '  which  i^,  to  sink  a  place  at  the  foot  of  the  incUued  i^Xatv^^^, 


liases  oic  uuijr  iiitciiucu  lu  puss  atkciuaicijr  up  aiiu  uuwii  buc  iiiciiucu 

carrying  the  railway  carriages,  it  is  requisite  that,  on  reaching  t 
bottom,  the  rails  shall  also  correspond,  that  the  waggons  may  leave  th 
on  the  chain  being  unhouked  that  is  to  prevent  them  from  runoing  pi 
ofT.  An  experiment  was  made  upon  a  railway  having  a  declivity  of  t 
a  half  inches  in  100  feet  of  length,  with  a  loaded  coal-waggon,  whc 
including  the  carriage,  was  two  tons.  A  middle-sized  old  man  p 
waggon  down  the  declivity,  and  gave  it  a  considerable  motion  ;  the  w 
stopped  when  the  same  old  man  set  his  back  against  it,  and  brought  i 
above-mentioned  acclivity,  without  much  apparent  difficulty.  Tliis  i 
show,  that  where  the  distance  between  the  inclined  planes  is  short,  th( 
may  be  pushed  along  by  one  man  upon  a  level  railway ;  or  he  migbl 
possession  of  a  kind  -of  acceleration  to  be  wrought  by  treadles,  bjf 
could  employ  both  his  weight  and  his  strength  by  laying  hold  of  two 
give  greater  power  to  his  feet.  Or,  in  place  of  cutting  forward  a  levt 
to  the  ascending  plane,  it  may  be  cut  with  an  easy  declivity,  and  tho 
the  descending  plane  with  a  gentle  acclivity,  by  which  the  carriagei 
put  in  motion  by  hand,  would  run  of  themselves  to  the  inclined  pli 
forming  tlie  roadways  in  this  manner,  the  ascending  plane  would  beira 
what  more,  and  the  descending  plane  somewhat  less,  in  height,  than  tl 
have  been  had  the  roadways  been  level ;  buc  as  it  may  be  best  to  1 
inclined  planes  of  the  same  length,  it  will  only  be  necessary  to 
descending  plane  with  a  longer  slope ;  for  although  45**  is  here  n 
there  is  no  necessity  for  adhering  to  that  angle.  Where  the  distaac 
them  is  great,  the  level  railway,  and  a  horse  to  be  employed  to  pull  tbi 
between  them,  is  to  be  preferred.  Although  it  is  practicable  to  mak 
planes,  upon  the  same  principle  as  those  describea,  to  take  up  more 
waggon  at  a  time,  yet  tne  power  that  would  be  required,  and  the  sevi 
vantages  that  would  attend  it,  are  such  as  will  much  more  than  count 
any  advantage  or  gain  to  be  made  ;  for  which  reason  there  need  be  : 
tion  in  recommending  the  taking  up  or  letting  down  only  tingle  was 
time ;  and  possibly  it  may  be  found  that  the  most  beneficial  and  eligu 
to  be  carried  will  not  exceed  two  tons,  including  the  weight  of  the  em 
The  mechanical  power  of  an  inclined  plane,  having  46*  of  elevaticn 
the  weight  of  two  tons  to  that  of  28.284  cwt ;  to  which  ia  to  be 


■ropowd ;  the  doUed  line  A  E  repreienU  the  original  line  ol  the  aiir- 
Ihe  line  E  F  the  perpendicular  height  gained  by  the  four  incliiied 
k  B  C  D  in  Fig.  2,  ia  a  lection  of  oue  uf  theae  inclined  planes,  ihowing 


i  lide  walla  built  nith  hewn  slonei ;  (he  dotted  fieure  a  be,  one  of  the 
swriaget  at  (he  top  F  G  of  the  inclined  plane,  where  the  waggon  de 
lines,  hat  entered  upon  it;  fg  is  anollier  platform  carriage  at  the 


the  plane,  with  a  waggon  hi  upon  it,  tlie  fore-wheela  of  which  are 
1  ■  piece  at  chain  to  prevent  its  Tunning  off  the  pUtformrcuria^ 


vheii  in  ihe  act  of  ascending  or  tlcsccnding.  The  irh<;eli  of  this  ir^gon  are 
upon  B  level  vilh  llie  lower  line  of  rnilwBy  H  I.  Tlie  vrlieeU  of  tlie  plalform- 
carriage  are  represpiilod  ai  travelling  upon  l1ic  pnvcnicnt  K  L,  and  upon  the 
top  of  the  side  walls  M  N  ;  while  k  I  represents  a  Bide  view  of  part  of  the  frame- 
work of  the  coiling  cylinders,  and  ni  an  end  view  of  one  of  the  cjlindera ;  n  n 
represents  one  of  the  ropes,  and  the  dotted  figure  at  o  one  of  the  stayed  iron 
dranght'bars  for  fastening  the  ropes  by  which  the  carriagea  are  drawn  up  or  let 
down.  The  preceding  Fi//.  S  ia  partly  a  cross  section,  but  cliitfly  aii  elevation  of 
one  of  these  inclined  planes;  pppp,  tlie  rails  in  the  bottom  of  the  plane  ; 
gqqq  the  rails  thai  are  npon  the  top  of  one  of  the  side  walls,  and  rr  the  waggon 
upon  it.  The  following  t'iff.  4  is  an  elevation  of  the  fratne-work  and  niachitiery 
to  be  placed  at  the  top.  The  coiling  cylinder  A  A  is  to  be  placed  to  suit  the 
ascending  plane,  and  the  cylinder  B  B  to  suit  the  descending  plane.  At  M  a, 
coupling-box  is  introduced,  by  which  the  axis  of  (lie  colli ng-cylinder  A  A  can 
be  disei^gaged  from  that  of  B  B  at  pleasure.  Upon  the  axis  of  the  cylinders 
C  D  a  screw-wheel  K  is  to  be  fixed,  and  nrnnghl  by  a  doubl-^threaded  endless 
■crew  S,  that  ia  u|ion  the  axis  F  F.  On  the  lower  end  of  this  axis  another 
screw-wheel  G  is  fixed,  to  be  wrought  by  another  two-threaded  endle<>s  screw 
H,  on  whose  axis  are  two  winch -handles,  as  represented  in  Fig.  6.  The  one 
end  of  the  ropes  thnt  arc  npon  the  coiling  cylinders  A  A  and  B,  is  to  be  fastened 
to  the  stayed  iron  draught-bars,  already  described.     Ujion  the  same  axis,  C  I), 


T*J 


;   S. 


f« 


r 


the  cylinder  I  is  to  be  fixed ;  one  end  of  iti  rope  is  to  pass  over  a  piilley-wheet 
K,  placed  over  a  deep  pit  It,  snilable  to  tlie  length  of  the  inclined  planes,  and 
to  have  a  heavy  counterbalancing  weight  L  fixed  to  it,  as  represented  in  dotted 
lines  in  Fig.  G.  At  M  the  same  may  he  effected  by  means  of  wheel  and 
pinion  apparatus. 

In  situations  where  a  stream  of  water  csn  be  brought  forward  to  the  top  of 
a  sinele  inclined  plane,  an  oblong  pit  may  be  sunk  of  a  depth  answerable  to  the 
lenjtli  of  the  inclmed  plane,  and  a  level  mine  cut  to  its  holtom,  to  free  it  of  water. 
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Over  this  pit  is  to  be  placed  a  long  coiling  cylinder,  having  a  range  of  buckets 
suspended  from  it  by  ropes ;  the  buckets  are  to  have  valves  to  open  upwardis, 
when  necessary,  by  means  of  small  cords.  The  ropes  that  are  to  pull  up  the 
waggons  are  to  pass  over  pulley-wheels  placed  in  a  proper  position,  and  at  a 
proper  height,  the  one  end  of  the  ropes  being  fixed  to  the  waggons,  and  the 
other  end  to  the  pit  cylinder.  The  weight  of  water  that  each  bucket  holds 
being  known,  will  enable  the  engine  man  to  know  what  number  to  fill  for  the 
weight  of  the  waggon  to  be  drawn  up ;  on  the  necessary  number  being  filled, 
they  will  then  descend,  and  pull  up  the  waggon  :  a  brake-wheel  is  to  be  fixed 
on  the  axis  of  the  pit-cylinder  to  regulate  its  motion.  When  the  buckets  are 
at  the  bottom  of  the  pit,  should  it  be  required  to  let  down  a  loaded  waggon,  the 
counter-weight  is  to  be  adjusted  to  the  weight  to  be  let  down,  by  pulling  a 
necessary  number  of  the  valve-cords,  to  permit  the  water  to  escape  from  the 
requisite  number  of  buckets ;  the  ascent  of  the  buckets  and  descent  of  the 
waggon  to  be  regulated  as  before,  by  the  brake-wheel.  Should  all  the  buckets 
be  at  the  bottom  of  the  pit,  at  a  time  when  they  are  wanted  to  pull  up  another 
waggon,  the  ropes  of  all  the  valves  are  to  be  pulled,  that  the  buckets  may  be  all 
emptied;  and  for  this  purpose  there  is  to  be,  besides  the  range  of  buckets 
already  mentioned,  a  large  bucket,  with  a  valve  in  its  bottom,  that  opens  on 
reaching  the  bottom  of  the  pit,  having  its  rope  coiled  the  contrary  way  round 
the  pit-cylinder,  to  that  of  the  range  of  buckets ;  this  bucket  is  to  be  so  sus- 
pended from  the  pit-cylinder,  that,  when  all  the  other  buckets  are  at  the  bottom 
of  the  pit,  this  shall  be  at  the  top.  By  filling  this  large  bucket  with  water 
when  at  the  top  of  the  pit,  it  will  descend,  and  occasion  all  the  empty  ones 
to  ascend  to  the  same  place;  and,  when  refilled,  the}'  will  again  be  in  readiness 
to  pull  up  another  waggon.  By  thus  having  a  range  of  buckets,  the  counter- 
weight can  be  so  regulated  as  to  answer  the  weight  of  different  carriages, 
whether  loaded  or  unloaded.  It  is  unnecessary  to  point  out  the  simple  manner 
in  which  the  water  can  be  directed  into  the  different  buckets,  and  stopped  when 
not  wanted.  The  perpendicular  height  of  canal-locks  is  very  generally  about 
eight  feet  This  appears  also  to  be  a  suitable  height,  for  the  greater  that  the 
height  is  the  greater  will  be  the  disproportion  of  cutting  and  mason  work, 
between  a  high  and  low  inclined  plane ;  for,  by  calculation,  it  will  be  found, 
that,  in  the  formation,  one  of  sixteen  feet  high  will  contain  foiir  times  the 
number  of  cubic  yards  of  solid  cutting  compared  with  one  of  eight  feet,  and 
require  four  times  more  face  buildings,  and  these  of  much  greater  strength.  At 
these  short  inclined  planes  the  whole  ropes  and  machinery  may  be  roofed  in, 
and  kept  dry  in  all  kinds  of  weather ;  and,  under  the  same  roof,  the  engine- 
man  and  his  boy  may  have  a  cabin.  It  is  with  a  view  to  reduce  the  number 
of  horses  kept,  that  these  short  inclined  planes  are  so  much  recommended,  as 
also  to  find  employment  for  industrious  labourers." 

Mr.  Thompson's  plan  of  working  inclined  planes  by  fixed  engines,  has,  we 
understand,  been  very  successfully  carried  into  effect  in  many  places;  and  so  have 
some  of  Mr.  Scott's  propositions,  in  a  modified  form.  We  must  now,  however, 
leave  this  part  of  the  subject,  to  introduce  to  the  reader  an  entirely  different 
description  of  railway  conveyance,  invented  by  Mr.  H.  R.  Palmer,  at  present 
the  engineer  to  the  London  Dock  Company,  and  which  was  patented  by  him 
on  the  22d  of  November,  1821.  Instead  of  two  lines  of  rail  laid  upon  the 
ground,  as  heretofore,  Mr.  Palmer's  railway  consists  of  only  one,  which  is 
elevated  upon  pillars,  and  carried  in  a  straight  hue  across  the  country, 
however  undulating  and  rugged,  over  hills,  valleys,  brooks,  and  rivers,  the 
pillars  being  longer  or  shorter,  to  suit  the  height  of  the  rail  above  the  surface 
of  the  ground,  so  as  to  preserve  the  line  of  the  rail  always  straiyhi,  whether 
the  plane  be  horizontal  or  inclined.  The  waggons,  or  receptacles  for  the 
goods,  travel  in  pairs,  one  of  a  pair  being  suspended  on  one  side  of  the  rail,  and 
the  other  on  the  opposite  side,  like  panniers  from  the  back  of  a  horse.  By  this 
arrangement  only  two  wheels  are  employed,  instead  of  eight,  to  convey  a  pair 
of  waggons ;  these  two  wheels  are  placed  one  before  the  other  on  the  rail,  and 
the  axle-trees  upon  which  they  revolve  are  made  of  sufficient  length  and. 
strength  to  form  extended  arms  of  support,  to  which  are  suspended  the  waggons 
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or  receptacleH  on  each  side  of  the  rail,  the  centre  of  gravity  being  ahcayt  hdou 
the  surface    of  the  rail.      Tlie   rods  by  which  the  waggons  are  suspended 
are   inflexible;    hence,  although   the   weights   on    each    side  be  not  equal, 
they  will,    nevertheless,    be   in   equilibrio ;    as   may  be  obBerved  in  a  ship, 
which,  being  unequally  loaded,  assumes  such  an  an^le  with  the  surface  as  pre' 
■erves  the  equilibrium.     Although  an  equal  distribution  of  the  load  on  both, 
sides  is  desirable,  it  is  not  necessary.      A  number  of  carriages  are  linked 
together,  and  towed  along  the  rail  by  a  horse,  as  barges  on  a  canal.     Owing  to 
the  undulation  of  the  country,  the  horse  will  sometimes  be  much  below  the  rail* 
in  consequence  of  which  he  is  provided  with  a  sufficient  length  of  rope  to  pre 
serve  a  proper  angle  of  draught 

f%g.  1  is  an  end  view  of  the  carriage,  with  a  cross  section  of  the  rail,  and  ^ 
pillar,  showing  its  form,  and  manner  of  fixing. 

Fig,  2  is  a  side  view  of  the  railway  passing  over  an  uneven  surface,  wit^B 
three  of  the  supporting  pillars  of  unequal  length.  Upon  the  upper  surface  of  tl»^ 
rail  are  seen  the  two  carriage-wheels,  and  the  manner  of  suspending  the  wi 


F,g.  1. 


/7^.  3. 


fons  or  receptacles  firom  the  axletrees,  which  is,  however,  better  shown  I7 
^tg.  1,  letters  1 1  1 1. 
Fig.  3  is  a  plan  of  the  same,  which  exhibits  the  comparative  measuren>ent«, 
and  the  mode  by  which  the  receptacles  are  braced  together.  The  same  lettrt* 
of  reference  refer  to  the  same  parts  in  the  different  figures.  A,  Fig.  1,  reprt" 
sents  an  n;jright  pillar  of  cast  iron,  having,  at  the  shoulder,  a  flange,  which  re<(i 
upon  'tbe  surface  of  the  ground.  The  pillar  is  formed  with  ribs  at  right  angles 
which  converge  towards  the  lower  extremity,  and  are  notched  in  the  edgeii  ^ 
the  better  securing  it  firmly  in  the  ground.  The  hole  in  which  it  is  to  be  inserted 
is  to  be  previously  well  rammed,  by  a  kind  of  pile-driving  engine,  and  the  fo"* 
of  the  pillar  surrounded  with  hard  materials,  which  are  also  to  be  reoderea 
as  compact  as  possible.  Three  of  these  pillars  are  shown  fixed  in  Fig.  2,  pU«d 
about  nine  feet  apart.   At  the  upper  extremities  of  the  piUan  are  long  defti^ 


>  rKeiT«  Ibe  rail  B,  vlikh  ia  ccmpiwed  of  it»\  planki,  let  on  their 
iht'n  ii[-]'Fr  (livrBce  C  drfcndrd  bv  ratt  or  uroi'glit-iron  plain,  t 
:  cti  ibe  up^r  Kide.   M'lipn  ilie  rnlf  has  bri'n  Fonie  time  in  uce,  and 

>  •  brariiig,  a  little  ndjiii'tnieiit  iit  tlie  line  maj  be  rtqoilite  before 
ilted  tn  ilie  pilUrs ;  tu  ifl'i'cl  nliich,  B  very  liniple  and  eaty  nielboil 

In  Ilie  deft  uf  ibe  pIllarF,  end  under  ibe  rail,  twn  wedsra  o  a  aro 
■I  oppoeile  direcliort,  wberehy  its  level  may  be  adjualed  with  the 
-acy.  The  wbetU  D  U  are  piovided  with  flange*,  to  keep  them  on 
ibeir  peiipberiea  are  iligbtly  concave,  to  adapt  their  lurfacea  to  ibat 
E£  are  tbe  arnn  or  ax\ea;  H  H  are  the  receptaclea  for  tb« 
b  are  made  of  plate  iron,  and  are  auapended  lo  the  arm*,  ai  before 
by  tlie  inflexible  rods  I  I  1  I.  To  one  of  the  artna  a  cbain  K  U 
abich  a  lowing-rope  may  be  connected.  Any  number  of  carriagea 
I  attached  together  by  chaiim  booked  on  to  the  anglea. 
xed  /■«>.  4  ia  intended  lo  exhibit  a  jiortion  of  the  railway  in  uw, 
iboda  by  nbich  aeveral  of  ibe  obataclea  which  frequently  preunt 
.».„..-„»..     On  the  leftii  acen  a  jointed  rail,  or  gate,  ibatcroatea 


r  which  the  carriRges  bave  juaE  pined,  and  ihe  gate  swung  back, 
road  nppn ;  the  hiirse  and  man  having  jimt  forded,  the  train  of  car- 
ceeding  in  il>  coiirte,  and  lullowing  another  train,  j-atl  of  which  it 
'igbl,  crcifFing  a  mil  bridge,  simply  conairiicted  for  ibat  purpore. 

i«  nmde  for  Iniiria  of  cairiagei  that  are  proceeding  in  oppnaite 
/  nieuiia  of  "  i>idli>gi> "  or  piiaiilng  placea.  With  reipect  to  loading, 
litBclei'  be  not  lunded  at  the  same  time,  that  which  ia  loaded  firat 
x.rlrd  iinlil  tbe  retond  ia  fnl!  Where  there  ia  a  peitnanent  loadlng- 
rriage  la  bronpht  over  a  atrp  or  block  j  but  when  It  is  loaded  pro- 
il  ia  provided  with  a  i>iippovt  connected  to  it,  which  ia  turned  up 
uae.  From  tbe  fXnuM  height  uf  the  carriage,  the  loading  of  thoae 
lly  done  by  hand  becomes  hn  laborious.  I'he  unloading  may  be 
lua  waya,  acroidliig  lo  the  milnitanee  to  be  diicbarged,  the  recrp- 
made  lo  oren  either  at  the  bnitoni,  tbe  enda,  or  the  lidea.  In  aome 
be  defirable  lo  aiispeiid  ibem  by  their  enda,  when,  lnrning  on  their 

they  are  easily  disclmrged  lidewaya. 

;  advantn|;ea  cunlemplaled  by  the  palentee  of  thia  railway,  may  be 
lat  of  enabling  tbe  eii(;iiiecr,  in  most  catea,  lo  conslmct  a  railway 
t  «bich  ia  moat  efl>clual,  and  wher?  the  shape  of  the  country  would 
giwt  an  expendiliue  on  fonneT  plani — ibai  of  being  miKrtMfttt'gs 
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a  prfrcrly  alraiglit  line,  end  in  the  facililj  with  vihlch  it  may  almji  i 
adjuslcd;  in  b^ing  mien  cumbered  wilh  extraneous  subilancea  lying  upon  i 
in  receiving  no  inlerniplioii  from  snow,  as  the  litlle  that  may  lodge  OD  the  r 
is  clc'ired  iiS*  by  merely  fixing  abrukh  before  the  first  carriage  id  the  train; 
the  facility  with  which  the  lo»di  may  be  traniferred  from  the  railway  on  to  I 
carriages,  by  merely  imhouking  the  receplncles,  nithoiit  displacing  the  gooi 
or  from  other  carriages  to  llie  railway,  by  the  reverse  operation  j  in  the  preo 
valion  of  the  articles  conveyed  from  being  fracluied,  owing  to  the  more  m 
form  gliding  motion  of  the  carriages ;  in  occupying  less  land  ihwi  any  otl 
railway ;  in  re<)uiring  no  levelling  or  road-making ;  in  adapting  itself  to 
situations,  as  it  may  be  constructed  on  the  side  of  any  public  road,  on  t 
waste  and  irregular  margins,  on  the  beucb  or  shingles  of  the  sea-shore, — iudM 
where  no  other  road  can  be  made ;  in  the  original  cost  beiiiK  much  lets,  a 
the  impediments  and  great  expense  occasioned  by  repairs  in  the  ordinary  moc 
being  by  this  method  almost  avoided. 

A  line  of  railway  on  this  principle  was  erected,  inlS2S,  at  Chesbun^ 
Hertfordshire,  chiefly  for  conveying  bricks  from  that  town,  acroaa  the  manbi 
for  sliipment  in  the  river  Lea.  The  posts  which  support  the  rails  are  about  t 
feet  apart,  and  vary  in  their  height  from  two  to  five  teet,  'according  to  the  und 
latians  of  the  surface,  and  so  as  to  preserve  a  continuous  horizontal  line  to  t 
rail.  I'lie  post]  were  mude  of  sound  pieces  of  old  oak,  ship  timber,  and  in 
ihe  slot  or  cleft  at  (he  upper  ends  of  the  posts,  are  fixed  deal  planks  Iwdve  ipeb 
by  three,  set  in  edgeways,  and  covering  with  a  tbin  bar  of  iron,  about  fa 
inches  wide,  flat  on  its  under  eide.  and  very  slightly  rounded  on  its  upper  nd 
the  true  plane  of  (he  rail  being  regulated  or  preserved  by  the  action  of  coonU 
wedges  between  the  botlnni  of  the  mortices,  and  that  of  the  planks.  Bv  tl 
rail,  on  the  level,  one  horse  seemed  to  be  capable  of  drawing  at  the  usual  pD 
about  fourteen  ions,  including  the  carriages. 

The  late  Mr.  Tredgold,  whose  opinion  in  matters  of  (bis  nature  wiil  enr  I 
entitled  to  attentive  consideration,  expressed  himself  very  favourably  to  Ai 
invention  in  his  Treatise  oil  Railroadi  and  Carriaget :  — "  We  expert  ^ 
observes)  that  this  single  railroad  will  be  found  fur  superior  to  any  other  N 
the  conveyance  of  the  mails  and  those  light  carriages  of  which  (peed  bdi 
principal  object;  because  we  are  satisfied  that  aroad  for  such  carriaje*  mml  h 


raised  so  M  to  be  free  from  the  intemiptions  and  crossings  of  an  ordiottyD^ 
w«y.  It  has  generally  been  considered  a  defect  in  Mr.  Palnier'i  anwutMit 
uat  in  order  to  make  Innu  in  tha  road,  it  it  ncccHaty  that  k  portion  «w" 
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should  be  made  to  turn  with  the  carriages  upon  it.  Tliii  defect,  Mr.  T.  Chap- 
inA.n,  of  Royal-row,  Lambeth,  proposed  to  remedy,  by  so  constructing  the 
carriage,  as  to  enable  it  to  turn  itself  U]>on  a  fixed  suspension  rail,  whether 
ctir^ed  or  straight,  or  ftuni  one  angle  to  another.  Fiy,  1  on  the  preceding  page 
exliibits  an  end  view  of  the  carriage,  and  Fig,  2  a  side  view  of  the  same,  partly 


Fig,  2, 


it»  section,    a  a  is  the  rail,  h  b  two  wheels  on  the  rail ;  these  carry  the  turning 
plates cc,  each  having  four  friction-rollers:  e e,  upper  plates;  ff,  the  verticJ 
43U8  of  the  wheel-frames  or  turn-plates  c  c ;  they  pass  through  the  plates  d  and 
^  from  which  the  boxes  gg  are  suspended,  by  the  lateral  arms  hk  and  it. 
Now  as  the  wheels  and  frames  b  c  can  turn  freely  on  their  axis  //,  they  each 
'«([uire  four  guiding  ToWersjjjj  to  keep  them  in  a  right  line  with  the  rail,  and 
to  cause  them  to  turn  as  the  rail  turns.     I'hese  carriages  should  not  be  further 
*fUiider  than  is  absolutely  necessary  for  the  required  curve  of  the  rail.     The 
^■^^ttom  of  the  carriage  has  a  joint  at  one  third  of  its  length,  and  is  held  up  at 
this  by  the  hooks  A- A: ;  by  removing  these,  the  contents  may  be  let  out:  the 
«*ed  portion  of  the  bottom  is  made  sloping-,  so  that  it  may  be  rearlily  emptied. 
•About  thirteen  years  ago  it  occurred  to  the  editor  of  this  work,  that  the  force 
^'tbe  wind  might  be  beneHcially  employed  as  an  auxiliary  power  for  propulsion 
o^nulways;  and  considering  that  the  suspension  principle,  which  had  just  then 
^R  promulgated  by  Mr.  Palmer,  was  better  adapted  to  that  object  than  any 
^^er,  be  wrote  a  short  paper  on  the  subject,  which  was  inserted  in  the  eightn 
dumber  of  the  Register  of  Arts,  for  January,   1824,  under  the  signature  of 
'L.  H."    The  plan  also  embraced  a  proposition  for  enabling  boats  from  the 
}^  a  river,  or  canal,  to  pass  out  of  the  water,  at  once  upon  the  rail,  and  thereon 
P*  propelled  precisely  in  the  same  manner  as  the  receptacles  provided  by  the 
'Rventor  are,  and  from  which  they  scarcely  need  to  differ  in  shape.      Both  of 
uieie  propositions  have  been  treated  with  abundance  of  ridicule,  by  persons  who 
^ere  either  incapable  or  indisposed  to  reason.    But  one  of  them  having,  accord- 
^g  to  the  newspapers,  been  recently  carried  into  actual  practice  at  Sunderland, 
^d  under  less  favourable  circumstances,  (i.  e.  on  the  common  ground  rail,)  the 
^ter  need  not  dilate  upon  its  feasibility.     And  as  respects  the  other  proposi- 
^Jl^,  he  will  only  observe,  that  believinj?  it  to  contain  the  germ  of  something 
^  may  hereafter  prove  of  public  benent,  he  hesitates  not  to  place  it  before 
^  judgment  of  the  reader.     The   following   are   extracts  ,from   the   paper 
*fluded  to.      "The  inhabitants  of  small  islands,  and  of  the  sea-coast  gene* 
'^ly*  subsiat  chiefly  upon    fish  ;    and  as    they   are   remarkable   for  robust 
^lutitutionsy  it  follows  that  their  food    must  be  strengthening  and  whole* 
*^e,    I  propose,  therefore,  a  railway,  on  Palmer's  principle,  from  London  to 
^e  nearest  seaport  town  or  fishing-place,  that  shall  give  to  the  Inhabitants  of  thia 
f^'jthe  advantages  of  a  plentiful  supply  of  the  cheap  and  wholesome  loud  enjoyed 
V  taose  in  maritime  situations.     In  the  drawing  which  accompananies  this, 
^sonie  iketched  is  entirely  imaginaryi  and  is  intended,  jSr^^i  to  represent  a 
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railway  leading  to  a  ipa-pori,  with  the  cairiagei  being  proprlled,  aee 
the  tnodea  priHect«d  by  Mr.  Palmer ;  ibe  fint  train  of  carriagn  beii 
along  the  rail  by  a  locomotive  itrsm-«ngine.  the  tecond,  mote  in  thl 
tive,  is  auppoMd  to  be  drann  by  a  hone.  Brigbrou  it  perhapi  the  mo 
(ituation  tor  luch  an  undertaking.  By  a  railroad  from  that  place,  tb 
market  migbt  be  supplied  nilb  a  prodigious  quantity  of  fish  within  tfai 
houn  aAer  their  being  6lken  from  the  lea,  at  the  moat  trifling  expeui 


nage; 


and  if  the  wind  n 


1  auxiliary  prnpeH 


which  I  propose,  the  rapidity  with  which  the  fish  might  generally  b 
to  our  market!  would  give  us  alt  the  advantage  of  a  sea-port  town  it 
chase  of  it.  If  the  Hollanden  have  found  it  practicable  (a;i  la  well  I 
aail  over  land  in  foui^wheeied  carriages,  bow  niucb  more  practicable  41 
tageoUB  would  it  be  to  bring  into  use  the  admirable  facilities  fori 
Mr.  Palmer  in  his  new  suspension  railway,  in  which  the  resiBtance  to  tl 
of  the  carriage!  is  reduced  to  oce-twenlietb  part;  or  in  other  wordi 
the  facilities  are  twenty  times  greater.  As  objections  will  of  course  1 
on  the  score  of  the  variablene*a  of  the  wind,  I  must  repeat,  that  1  onl; 
it  as  an  auxilian/  power.  It  would  rarely  happen  that  the  Kind  * 
be  favourable  in  going  or  returning;  and  it  is  well  known  that  S. 
prevail  more  than  any  other  in  our  quarter,  which  would  be  favourah 
principal  traffic;  that  is,  to  London.  In  (he  absence  of  a  iteaoi' 
horse  should  always  be  in  attendance ;  so  that  when  employed  in  drawi 
of  carriages,  if  a  favourable  breeze  should  >pring  up,  itie  sails  might  I 
and  the  hone  be  put  into  one  of  ibe  receptacles,  where,  over  his  ba| 
he  might  regale  and  invigorate  himself  for  fresh  eiertioiu,  should 
fall  off 


"  Having  now  given  the  outline  .. 
which  will  explain  the  meaning  of  tbi 
drawing,  that  are  apparently  ' 
was  to  exhibit  an  easy  and  < 
Jaden  vessels  directly  out  of  tbi 


mji  first  project,  I  nroceed  to  n 
sailing  vessels  in  the  foregnnD 


canal  lock.     My  ii  __ 

obviously  practicable  mode,  of  transferrillj 

_,  —  ..  the  water  on  to  the  railway,  where  they  i 

propelled  by  the  wind  with  much  greater  velocity  than  through  the  wa 
at  iha  hbh  tim«  show  how  mdmirably  Mr.  PaliDer'i  nilway  b  adq 
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ranch  communication  to  and  from  canals  and  rivers,  or  to  form  an  important 
>niiecting  line  between  them.  In  cutting  a  canal,  which  has  to  proceed  down 
declivity,  and  to  ascend  another,  numerous  locks  must  be  constructed  at  an 
lormoiH  expense;  these  would  cause  great  loss  of  time  and  inconvenience  in 
e  traffic,  which  may  be  obviated  by  the  adoption  of  this  suspension  railway 
a  connecting  communication.  The  railway  I  propose  is  to  be  constructed 
usual,  elevated  upon  pillars,  and  not  to  terminate  on  arrival  at  the  lock 
tes  B.  bnt  to  pass  over  it,  and  terminate  at  the  other  end,  just  within  the 
3ond  gates  A,  and  be  supported  upon  pillars  from  the  floor  of  the  lock,  the 
ine  as  on  dry  ground.  In  the  annexed  cut,  (which  is  a  plan,)  the  double 
lin  of  vessels  are  supposed  to  have  all  entered  the  lock,  half  on  one  side  of 
i  rail,  and  half  on  the  other,  and  they  are  hooked  on  to  the  axle-trees  of  the 
leels  which,  are  already  upon  the  rail  for  that  purpose.     The  gates  next  to  the 


r 


D;-i-^SD[ 


^ 


v,  C^  v\t^-2  r>^|j  rf^i  lI^ 


>Xr: 


iver  or  canal  are  then  closed,  and  all  being  fast,  the  water  is  let  out  of  the 
ock  by  a  sluice  at  D,  till  it  falls  below  the  bottom  of  the  outer  gates ;  at  which 
^me  the  vessels  are  all  suspended  on  their  axles  in  the  air.  Ihe  gates  being 
B€xt  opened,  and  the  wind  fair,  they  sail  across  the  valley,  or  arc  propelled  by 
^t  other  means  provided  by  the  patentee." 

Having  now  noticed  the  principal  arrangements  in  several  different  kinds  of 
nulways,  and  the  motive  power  employed,  we  shall  proceed  to  inquire  into  the 
BAiore  and  extent  of  the  effects  produced.  The  resistance  to  the  motion  of 
^iges  arises  from  three  causes,  whether  travelling  on  the  common  road, 
woomilways;  but  they  vary  in  their  relative  proportions  according  to  the 
J^ure  of  the  surface  passed  over.  Thus  the  resistance  to  the  motion  of  a  car- 
nage OD  the  common  road,  arising  from  the  obstructions  or  inequalities  of  the 
*vfiM:e,  to  the  rolling  of  the  periphery  of  the  wheels,  is  greater  than  that  of  the 
tubbine  at  the  axles ;  while  on  a  railway,  owing  to  the  smoothness  of  the  sur* 
^  the  contrary  is  the  case.  According  to  the  experiments  made  by  Mr. 
Stephenson  and  Mr.  Wood,  the  resistance  at  the  periphery  of  the  wheels  on  a 
food  level  railway  does  not  exceed  about  a  thousandth  part  of  the  insistent 
^ht,  while  the  same  kind  of  resistance  upon  an  ordinary  turnpike  road, 
■ficording  to  our  own  observations,  does  not  average  less  than  a  twenty-fifth  part ; 
*  forty  times  that  of  the  railway.  It  is  from  the  reduced  amount  of  this,  the 
"Vtt  mentioned  kind  of  resistance,  that  railways  possess  such  great  advantages 
^locomotion ;  for  in  the  second  kind,  that  of  the  axles,  the  difference  of  fric- 
"^  caanot  be  material,  nor  can  the  resistance  from  air,  (the  third  kind,)  be  at 
vl  different,  presuming,  of  course,  that  the  opposed  surfaces  and  the  velocities 
^  the  same  in  each. 

Mr.  Palmer,  in  his  description  of  his  railway,  justly  remarks,  that  if  some 
'^ennUe  means  of  ascertaining  the  resistance  of  roads  and  raihvays  were  on  all 
'ccuions  used,  their  improvement  would  be  much  advanced.  The  real  value 
^  either  being  then  unequivocally  compared,  the  amount  of  defect  could  no 
^ger  be  a  matter  of  mere  opinion.  The  proprietors  would  then  know  whether 
**  apparent  inferiority  arose  from  the  difference  of  horses,  or  difference  of  cir- 
i^Qittances ;  and  it  would  be  of  great  advantage  to  introduce  a  clause  in  cou- 
nts, which  would  determine  the  effect  to  be  produced.  The  methods  by 
Qich  resistance  of  roads  and  railways  has  been  ascertained,  have  not  been 
'Qciently  accurate,  or  have  been  too  inconvenient  for  general  use.  The 
'Hamometers,  which  denote  the  resistance  by  the  degree  of  extension  given  to 
King!  attached  to  the  carriage,  are  convenient  as  portable  instruments,  but  do 
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not  denote  the  measure  with  the  necessary  precision.  The  resistancei  are  i 
equable,  from  the  irregularities  of  the  surface ;  neither  does  the  force  whi 
draws  the  carriage  continue  equable.  When  horses  are  employed,  those  inia 
ments  are  of  no  service  whatever.  The  effect  of  the  unequal  force  or  resistan 
occasions  a  vibratory  motion  to  the  indicating  point,  and  we  can  never  ha 
confidence  in  any  result  they  exhibit.  Similar  defects  are  observable  in  all  tl 
instruments  I  have  seen. 

"  Having  had  frequent  occasion  to  ascertain  these  resistances,  I  constniet 
an  instniment  which,  by  removing  the  imperfection  referred  to,  has  been  coi 
pletely  successful.   The  problem  was  to  make  such  an  instrument  as  would  im 
cate  very  small  differences,  but  which  would  not  yield  suddenly  to  a  chang;e 
resistance.       I  therefore  connected  to  a  spring  dynamometer  a  semicircul 
close  copper  vessel,  containing  water ;  at  the  centre  is  a  spindle,  on  which  i 
arm  or  fan  is  fixed,  and  which  very  nearly  corresponds  with  the  inside  of  i 
vessel.     The  springs  are  so  connected  with  the  spindle,  that  they  cannot 
acted  upon  without  the  arm  or  fan  turning  upon  its  centre,  and  passing  throu 
water.     In  order  to  pass  through  the  water,   the  latter  must  escape  by 
sides ;  and  the  space  being  extremely  small,  it  cannot  pass  rapidly,  but  « 
yield  to  the  smallest  force."    (See  a  drawing  and  description  of  this  instnime 
under  the  head  Dynamometer.) 

**  By  way  of  exhibiting  the  difference  of  resistance  u]>on  different  railways 
have  attached  a  table  containing  experiments  on  several. 

"The  first  column  contains  the  articles  conveyed ;  the  second,  the  resistai 
in  proportion  to  the  weight ;  the  third,  the  whole  effect  produced,  t.  e.  includ 
the  weight  of  the  caiTiage  by  one  horse,  or  one  hundred  and  Rdy  pounds, 
two  miles  and  a  half  per  hour ;  the  fourth,  the  usual  effect,  or  the  load  convej 
in  pounds ;  the  fifth,  the  same,  in  ordinary  measures ;  the  sixth,  the  inclinati 
expressed  by  decimal  fractions,  on  which  a  railway,  whose  resistance  is  equa 
that  specified,  should  be  constructed,  that  the  resistance  of  the  loaded  carria 
downwards  may  be  equal  to  that  of  the  empty  carriages  upwards  ;  the  sevei 
the  effect  produced  under  such  circumstances;  the  eighth,  the  useful  efl 
under  the  same,  the  weight  of  the  carriages  being  deducted.  In  each  eip 
ment,  the  power  is  assumed  at  one  hundred  and  fifty  pounds,  moving  at 
rate  of  two  miles  and  a  half  per  hour.  In  the  inclinations,  the  weight  of 
horse  itself,  as  part  of  the  effect  produced,  is  not  taken  into  account,  that  ■ 
table  may  equally  serve  where  mechanical  force  is  applied.  Some  allowai 
must  therefore  be  made  where  horses  are  used,  but  the  difference  in  the  iot 
nations  given  will  be  very  trifling. 

The  following  table  was  published  antecedently  to  the  formation  of  the  Mi 
cheater  and  Liverpool  railway,  the  resistance  upon  which,  on  a  level  plane,  n 
be  considered  as  a  medium  between  the  two  last-mentioned  results,  that 
about  a  two-hundred  and  thirty-fifth  part  of  the  weight.  It  is  also  necessaiytli 
the  reader  should  take  into  his  consideration  that  the  experiments  given  1 
Mr.  Palmer,  as  respects  his  own  railway,  were  conducted  upon  a  well-made,  lit 
sized  model,  while  the  others  were  probably  upon  portions  of  rail  consideisl) 
deteriorated  by  wear  or  neglect ;  for  it  is  not  otherwise  possible  to  conceive  i 
great  a  difference  in  the  results,  as  are  shown  in  the  table;  bearing  in  mindth 
they  are  all  considered  to  be  on  a  levels  and  that  the  surface  material  of  all 
iron.  Without  being  able  to  give  any  precise  data  for  our  opinion,  our  oh* 
vation  has  from  to  time  time  led  us  to  regard  the  ordinary  resistance  upontrtf 
roads  to  be  not  half  that  stated  by  Mr.  Palmer;  we  therefore  conclude,  thatw 
Surry  and  Llanelly  tramroads  must  have  been  in  a  very  dilapidated  state,  * 
covered  with  dirt.  One  very  important  fact  is,  however,  communicated  W 
the  following  table,  that  of  the  great  difference  of  resistance  found  upon  tl 
Cheltenham  tramroad,  by  being  merely  slightly  covered  with  dust,  as  itexhibi 
in  a  very  strong  light  the  superior  advantages  afforded  by  the  edge-rail,  in  beu 
so  much  less  liable  to  the  lodgment  of  duKt. 

Upon  a  reference  to  some  of  Mr.  Wood's  experiments,  as  detailed  in  I 
valuable  treatise,  we  find  that  the  results  confirm  our  views  as  to  the  resistai 
upon  plate  rails.  The  rails  he  used  were  4  feet  long,  3)  inches  broad  wbei«< 


RAILWAYS. 


433 


I 


1 1 


00 


CO 


o 


w      t^      t^ 

^      w      «o 


CO 


00 


Ci 


CO 


^        CO 


•-I      t^ 


CO 


"9 

a 


?    I 


■2S 


s- 


^o 


o 
o 


00 


^ 

C) 


CO 
M5 


o 


M5 


^        A 


00 


^ 
W 


o 

M5 


P   ■  S:  •  S 


CO 


o 
o 


CO 


2 

M5 


CO 
00 
00 
CO 


5: 

CO 


CO 

o 
o 


w 


■  5  2 
1-1 


:50 


o 

CO 


M5 
M5 


1^ 


^      o 


w 


eo 


o       t^ 

•Tf      eo 


W5 


CO 


00 
CO 


00         i-H 


»o 


w  •     •    •« 

S  X • S^  « 


o 


00 

s 


O)         to 
1>-        CO 

00         i-i 


o 


CO 


o 
»o 

CO 

CO 


■s  »  S  ii  S  b 

u  o  Z  e  s  M   o 


o 
»o 

00 

00 


o 

o 
eo 


s    §    § 


»o 

CO 


CO 
00 


CI 


»o 


i 


-i8    -18    -ife    -18    -IS    -12    -|g    -13 


i 

<S      o 


I 


«     ^ 


I 


s  s  s  s 

15    iS    S    S 


ad 

O 
H 

09 


0) 


•5 
g 

CO 


3 


I 


-8, 


iz; 


S 


M 

a 

2 

» 


1 


•fVMqjMsi  JO  'OH  ^ 


W 


eo 


wd      ;d 


00 


«£.  II. 


3  f 


434 


RAILWAYS. 


wheel  runs  upon  tliem,  and  the  height  of  the  upright  ledge  3  inches.  In  an 
experiment  made  with  two  loaded  carriages,  each  weighing  8512  lbs.,  cast-iron 
wheels  39}  inches  diameter,  1}  inch  broad  upon  the  rim  which  runs  upon  the 
rails,  brass  bearings  1  f  inch  broad,  and  diameter  of  axle  2g  inches,  tlie  resist- 
ance up  a  certain  inclined  plane  was  found  to  be  168,  and  down  the  same 
126,  making  the  mean  resistance  147,  which  is  equal  to  the  116th  part  of  the 
weight  moved. 

With  respect  to  edge-rails,  it  was  usual,  until  recently,  to  estimate  the  amount 
of  resistance  at  the  two  hundredth  part  of  the  insistent  weight;  but  the  improre- 
ments  which  have  of  late  years  been  made,  both  in  the  rails  and  the  carriasea, 
have  reduced  this  resistance  to  about  the  240th  part  of  the  weight:  according 
to  which,  the  following  table  has  been  calculated  by  Mr.  Wood. 


TABLE 


Showing  Me  Resistance  opposed  to  the  Motion  of  a  Carrictge  on  Afferent  incl'ma- 
tians  of  Plane,  the  Friction  being  estimated  at  the  240M  part  of  the  Weight 


0 

Inclination  of  the  Plane  equal  to  1,  in 

0 

100 

200 

300 

400 

500 

600 

700 

800 

900 
.00527 

.00416 

.01416 

.00916 

.0075 

.00666 

.00616 

.00583 

.0056 

.00541 

10 

.10416 

.01325 

.00892 

.00738 

.0066 

.00612 

.0058 

.00557 

.00539 

.00526 

20 

.05416 

.01249 

.00870 

.0073 

.00654 

.00608 

.00577 

.00555 

.00538 

.00535 

30 

.0375 

.01185 

.00851 

.00719 

.00649 

.00605 

.00574 

.00553 

.00536 

.00523 

40 

.02916 

.0112 

.00833 

.0071 

.00643 

.00601 

.00572 

.00551 

.00535 

.00522 

50 

.02416 

.01082 

.00816 

.00702 

.00638 

.00598 

.0057 

.00549 

.00534 

.00521 

60 

.02082 

.01041 

.00801 

.00693 

.00634 

.00594 

.00568 

.00548 

.00532 

.00520 

70 

.0185 

.01004 

.00786 

.00686 

.0063 

.00592 

.00565 

.00546 

.00531 

.00519 

80 

.01666 

.00975 

^00774 

.00679 

.00624 

.00588 

.00563 

.00544 

.0053 

.00518 

90 

.01527 

.00942 

.00761 

.00672 

.0062 

.00586 

.00561 

.00543 

.00529 

.00517 

It  becomes  now  an  interesting  point  of  inquiry  to  ascertain  the  extent  of 
those  several  resistances  to  motion  of  which  the  foregoing  table  has  given  ^ 
totaL  For  this  purpose  we  are  obliged  again  to  resort  to  the  ably  coodnct^ 
experiments  of  Mr.  Wood ;  but  as  it  would  be  impossible  for  us  to  give  a  detiB 
of  those  experiments,  or  of  the  useful  tables  calculated  therefrom,  within  ^ 
compass  of  our  article  upon  this  subject,  we  must  content  ourselves  with  t 
notice  of  the  results  derived  thenefrom,  and  to  refer  the  reader  who  maj  ^ 
desirous  of  more  precise  information  to  the  author's  valuable  work. 

Mr.  Wood  found  that  the  ratio  of  resistance  to  the  rolling  of  the  wheds  op^ 
a  railway,  was  not  increased  t>y  an  increase  of  the  weight  in  the  carriage;  •>" 
they  were  very  nearly  the  same  in  velocity,  varying  from  5.50  to  H.idleet  P^ 
second ;  so  that  the  resistance  by  the  roUing  of  the  wheels  is  an  uniforwdgretivbl 
force,  both  with  respect  to  velocity  and  weight.  Taking  the  resistance  ei^ 
wheels  as  equal  to  the  1000th  part  of  the  weight,  and  knowing  the  vboj' 
amount  of  resistance,  we  obtain  tnat  of  the  friction  of  the  axles ;  applying  ^ 
to  the  experiments  detailed  by  Mr.  Wood,  the  foUowing  results  are  given  ifit^ 
fentleman*!  work :— 
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weight 

of  Cart  logo 

IB  Iba. 

iBClodlBf 

WheeU 
aB4  Azioa. 

Weight  of 

rarrtece 

reathsg  ob 

the  Axlea. 

Total 

RealttaBCO 

iBlba. 

ReatataBce  of 

Wheeli  OB 
Raili,  rqaal  to 
the  10«eth  port 

of  the 
Weight  ia  Iba. 

RealatBBce 

of  Ifco  Aslea 

by  AttritlOB. 

la  Iba. 

RealataBC* 

by 

AttritlOB, 

ia  porta 

Of  the 

Weight 

iBlba. 

Ratio  of  the 
Diaateter 
oTtho  Whooto 
to  that  of  the 

Asle, 
the  lattOTBl. 

RattooT 

rrietloale 

laaUtoBt 

Woighk. 

8540 

7280 

39. 

8.54 

30.46 

239 

12.36 

19. 

2604 

1344 

12.5 

2.60 

9.90 

136 

12.36 

11. 

2604 

1344 

13,5 

2.60 

10.90 

123 

12.36 

10. 

4816 

3584 

26. 

4.81 

21.19 

169 

12.36 

13.6 

7056 

5824 

34. 

7.05 

26.95 

216 

12.36 

17.4 

8512 

7280 

40. 

8.51 

31.49 

231 

12.36 

19. 

8456 

7224 

39. 

8.45 

30.55 

236 

12.36 

19. 

9408 

8096 

39.35 

9.40 

29.95 

270 

11.6 

23.2 

9408 

8096 

41.46 

9.40 

32.06 

252 

11.6 

21.7 

9408 

8096 

44.19 

9.40 

34.79 

232 

11.6 

20. 

3472 

2160 

12.73 

3.47 

9.26 

233 

11.6 

20. 

9100 

7840 

39. 

9.10 

29.90 

262 

12.36 

21.2 

Vf  thus  find  that,  in  the  above  experiments,  the  resistance  by  the  attrition  of 
iules  amounts,  in  the  most  favourable  case,  to  the  23d  part  of  the  insistent 
igfat;  or,  taking  the  numbers  1  to  6,  and  the  following  experiments,  equal  to 
i  20U)  part  of  the  weight ;  while,  in  some  of  the  experiments  on  the  empty 
rrisges,  the  friction  appears  much  greater ;  from  whence  we  would  be  inclined 
conclude,  that  the  resistance  is  diminished  by  an  increase  of  pressure.  There 
no  lubiect  in  science,  perhaps,  on  which  there  is  a  greater  diversity  of  opinion 
kQ  in  the  laws  which  govern  friction ;  and  the  previous  experiments,  tnough 
fficient,  in  many  cases,  for  practical  purposes,  yet  by  no  means  tend  to  bring 
B  inquiry  into  any  more  settled  state.  In  Nos.  1  and  6,  and  the  following 
periments,  the  ratio  only  varies  (except  in  one  instance)  from  the  19th  to  the 
it|»srt  of  the  weight:  and  as,  perhaps,  in  the  other  experiments,  the  resist- 
Mof  the  wheels— the  state  of  the  axles — the  construction  of  the  carriages — 
lome  other  adventitious  cause,  might  have  operated  to  increase  the  friction, 
•I  to  induce  us  to  leave  these  experiments  out  of  the  question,  and  take  the 
nner  as  the  more  correct  amount ;  yet  still  this  ration  greater  than  shown  by 
nner  experimentalists. 

Ipiome  experiments  by  Mr.  Southern,  in  1801,  communicated  to  the  Royal 
■cicfy,  and  printed  in  the  sixty-fifth  volume  of  their  TVansac/tofis,  the  friction 
the  axles  of  a  grindstone  weighing  3700  lbs.  amounted  to  less  than  the  for- 
^  psrt  of  its  weight.  Now  there  does  not  appear  any  reason  why,  in  well- 
nitnicted  carriages,  the  resistance  on  the  axles  snould  be  greater  than  in  other 
■chrnery ;  and,  therefore,  we  are  obliged  to  conclude,  either  that  the  resiat- 
>ce  of  the  wheels  must  be  greater  than  we  have  assigned,  or  that  there  were 
<Bt  defects  in  the  construction,  either  of  the  carriage  or  axles.  Under  thes« 
^mstanecs,  and  considering  the  importance  of  Obtaining  the  most  correct 
(Ration  on  the  snbject,  Mr.  Wood  had  an  experimental  carriage  made,  and 
^  up  with  the  utmost  care ;  the  axles  and  bearings  of  which  were  of  the 
t  material,  and  were  kept  in  use  a  considerable  time  before  the  experiments 
It  made,  to  render  them  as  smooth  as  possible.  The  same  wheels  were  used 
ia  experiment  12,  and  the  experiments  were  also  made  upon  the  same 
^  of  railroad.  Bearings  of  brass  and  cast-iron  were  both  used  to  ascertain 
lich  gmva  the  least  friction;  and  the  carriage  wu  load^  with  diflferent  weighti 
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to  ascertain  the  relative  resistance.    The  experiments,  which  were 
with  the  utmost  care,  and  repeated  several  times  to  obtain  correct  n 
given  by  Mr.  Wood  in  a  series  of  tables.     We  annex  those  which  rd 
cast-iron  bearings,  as  that  metal  evidenced  in  every  experiment  le 
than  the  above-mentioned  alloy,  to  the  amount  of  about  one-thirteeni 


Experiments  made  on  an  Edge  RaU-Boad,  Half  Lap-JokUSf  Surf  a 
broad;  Carriage  with  Cast-Iron  Bearings^  3  Inches  broad;  Wr 
Axles,  2.9  Inches  diameter;  and  Case-hardened  Cast-Iron  Whet 
Inches  ^meter. 


Weight  resting  on  Axles  of  Carriages,  exclusive  of  Weight  o! 

and  Axles,  =  1312  lbs. 


8960  lbs. 


LsBfth 

of 

plaa« 

In  feet 


Ttac  9t 
descent 

la 
seconds. 


100 
200 
300 
400 
^00 


29. 

40.95 

50.19 

58. 

65.41 


PrietloB 

la  parts  of 

weight. 


.002153 
.002281 
.002368 
.002134 
.002153 


Average  I 
Resistance) 


.02218 


6720  lbs. 


Tine  of 
descent 

In 
seconds. 


29. 

40.65 

50. 

57.90 

65.12 


Friction 

in  parts  of 

weight. 


002046 
.002062 
.002202 
.002007 
.001989 


4480  lbs. 


TlBC  of 
descent 

la 
seconds. 


.002061 


29.10 
41.35 
50.51 
58.40 
65.41 


PrictloB 

la  parts  of 

weight. 


.001869 
.002083 
.002118 
.002006 
.001813 


2240  lbs. 


Tioie  of 
descent 

in 
seconds. 


29.74 
42.16 
51.58 
60.25 
67.66 


rrfcUoB 

ia  parts  of 

weight. 


.001978; 


.001793 
.001864 
.001924 
.0018641 
.001821 


] 


,001854 


31. 
44. 
54. 
63. 
72. 


From  the  facts  contained  in  the  foregoing  Table,  the  following 
deduced. 


C\n  parts  of  weight  .  . 

<  equal  to  the 

Resistance  ) , 

V^in  lbs 

Rolling   ^ 

Resistance  j 


in  lbs. = .001  of  weight 


Friction 
ON  Axles 


.1' 


in  lbs. 

in  parts  of  weight 
equal  to  the    .  .  . 


Total 

Weight  of 

Carriage, 

or  rolling 

pressare, 

10)79  lbs. : 

weight  OB 

nxles,  or 

nibbing 

pressare, 

lbs. 


Total 
Weight  of 
carriage, 
or  roUiag 
pressare, 
waa  tbs.  i 
weight  OB 
axles,  or 

rabblag 
pressors, 
07M  lbs. 


ToUl 

Weight  ef 

oarriafe, 

or  rolling 

pressare, 

nn  lbs. : 

weight  OB 

axles,  or 

rabblag 

pressare, 

44M  Ibe. 


.002218 
452d 

22.78 

10.27 

12.51 

.01661 

60tli 


.002061 .001978 


Total 

Welgkl 

carrlat 

or  reUb 


weight  4 
axloi,< 


485*1^ 
16.55 

8.03 

8.52 

.01508 

66th 


505t»» 
11.46 

5.79 

5.67 
.01506 
66<»» 


.001» 

6J^) 

3.5; 

3.0: 
.0160! 
62< 


From  these  experiments  we  find,  that  in  a  well-fitted  up  carriaM 
resistance  may  be  reduced  to  neariy  the  500th  part  of  the  wei^t 
taking  tha  reuitance  of  the  wheek  upon  the  rails  as  equal  to  Uie  IOC 
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the  ^weight,  the  friction  of  attrition  at  the  axles  amounts  to  no  more  than  the 
60th  part  of  the  weight,  when  the  velocity  of  the  surfaces  in  contact  is  equal  to 
the  progressive  motion  of  the  carriage.     The  resistance  from  the  ahove  experi- 
ments heing  so  much  less  than  that  previously  found  by  practice  in  carriages  on 
railroads,  and  in  the  proportion  of  60  to  40  less  than  that  found  by  Southern, 
Mr.  Wood  was  induced  to  suppose  there  might  have  been  some  errors  either 
in  the   experiments  or    calculations,    though,   in    the   prosecution   of   them, 
the  utmost  care  was  taken  ;  and  the  uniformity  of  the  result,  in  each  of  the 
experiments,  almost  proves  that  no  error  could  have  been  committed.     The 
degree  of  polish  given  to  the  axles,  though  nothing  more  than  what  was  effected 
by  using  the  best  materials,  and  causing  the  carriage  to  be  run  up  and  down  the 
railroad,  with  the  axles  lubricated  with  the  best  neat's-foot  oil,  may  account  for 
the  great  reduction  compared  with  that  of  the  former  experiments ;  and,  in  this 
case,  good  neat's-fbot  oil  was  used  and  applied  at  the  commencement  of  each 
experiment ;  whereas,  in  the  former  experiments,  the  grease  commonly  used 
on  the  axles  of  coal-waggons  was  used.     To  put  the  question,  however,  beyond 
all  doubt,  and,  at  the  same  time,  to  ascertain  more  particularly  all  the  phenomena 
of  the  friction  of  attrition,  Mr.  Wood  had  an  axle  fitted  iip,  which  was  placed 
opon  two  chairs  or  bearings,  by  which  the  rubbing  friction  could  be  ascertained, 
independent  of  that  of  rolling.     The  axle  was  placed  upon  two  hearings,  at 
such  a  height  from  the  ground  as  would  allow  a  weight  to  descend  30  feet; 
a  wheel  was  fixed  in  the  middle  of  the  axles  2  feet  diameter,  around  which  a 
cord  was  wound,  to  the  end  of  which  a  weight  was  attached,  and  rings  of  lead 
were  fastened  upon  the  axle  to  vary  the  weight.     In  each  experiment  the  cord 
was  wound  round  the  wheel,  and  the  weight  thus  elevated  precisely  30  feet  from 
the  platform ;  by  withdrawing  a  pin  the  weight  was  then  let  free,  and,  falling 
30  feet,  unwound   the  cord,  and   put  the  axle  and  lead  weights  into  rapid 
nJotion ;  the  cord  then  detached  itself,  and  left  the  axle  to  turn  freely  round, 
until  the  friction  of  the  axles  brought  it  to  rest.     By  a  proper  apparatus  the 
time  occupied,  during  each  ten  revolutions  of  the  axle,  was  measured ;  as,  also, 
we  whole  time,  until  it  came  to  rest :  by  which  means  not  only  the  absolute 
wiount  of  friction  was  obtained,  but  also  the  friction  at  different  velocities ; 
andby  varying  the  weights  from  1331  lbs.  to  4140  lbs.  the  relative  resistance, 
with  different  weights,  was  also  ascertained.     The  principal  object,  however,  of 
rojtituting  this  set  of  experiments,  was  to  ascertain  if  the  friction  varied  with 
we  inrface  of  bearing ;  and,  if  there  was  any,  what  size  of  bearing,  subjected 
^  a  given  pressure,  produced  the  least  resistance.     With  this  view,  bearings  of 
?i  ^i,  and  6  inches,  respectively,  were  used,  the  diameter  of  the  axle  being  3 
"iches,  and,  on  each  of  which,  the  successive  weights  of  1331,  2465,  3622,  and 
^140  lbs.  were  placed.     With  these  materials  the  number  of  experiments  made 
^*fe  more  than  600,  and  varied  in  every  possible  way,  to  leave  no  douht  as  to 

we  accuracy  of  the  result;  the  weight,  m  each  experiment,  falling  precisely  30 
feet. 

It  is  worthy  of  notice  in  this  place,  that  a  considerable  variation  in  the 
Wniber  of  revolutions  was  occasioned  by  different  modes  of  applying  the  oil. 
*"e  axle  rested  upon  the  chairs,  without  any  cap  or 
eover,  as  here  shown,  where  A  represents  an  end  A 

p        Tiew  of  the  axle,  and  B  the  chair.     At  the  com- 

^  paencement  of  each  experiment  the  axle  was  oiled 
w  the  usual  way,  with  fine  neat's-foot  oil ;  but  it 
7**  found,  that  unless  the  oil  was  continually  feed- 
^H  upon  the  axle  as  it  turned  round,  the  result  was 
'^^^er  the  same,  unless  the  oil  was  supplied  in  such  « 

9^*ntitie8,  that  when  the  axle  turned  round,  the  oil 

^■*  heaped  up  against  it,  as  shown  above,  and  thus  kept  up  a  continual 
*!!Ppty  to  the  axle.  When  that  was  not  the  case,  although  the  axle  was  well 
°"^d,  yet,  unless  the  oil  was  kept  constantly  feeding  upon  the  axle  as  it  turned 
jyund,  a  maximum  effect  did  not  take  place.  The  Allowing  Table,  being  one  of 
^  series  of  experiments,  will  show  the  effect 
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Weight 

OF  Axle  akd  Lead,  2465  Pounds* 

Bearing  4) 

Inches. 

Axle  well  oiled  in  the  Four  First 

Axle  well  oiled  in  the 

following 

Experiments. 

Experiment 

Naaber  of 

iribratloa  of 

N amber  of 

Number  of 

\  IbntiloB  of 

KaabtroT 

Ksp«riB«ats. 

Pcadolam. 

BevolutioBS. 

Esperiroeats. 

Pcatfolaai. 

Revol«iiMi. 

274 

505 

238 

301 

551 

265 

1 

275 

549 

258 

Oil  remav 

ed  from  top 

of  chair.        1 

276 

537 

253 

•      302 

454 

206         \ 

277 

540 

252 

303 

357 

160          \ 

Oil  removed 

from  top  of 

chair. 

304 

315 

140           I 

278 

400 

189 

305 

281 

122           1 

279 

332 

152 

306 

242 

113 

280 

290 

130 

307 

257 

110 

281 

264 

116 

308 

230 

98 

282 

249 

106 

309 

228 

95 

283 

244 

103 

310 

213 

92 

284 

235 

98 

311 

203 

87 

285 

226 

95 

312 

196 

84 

286 

222 

93 

313 

191 

81 

287 

206 

88 

314 

180 

76 

288 

206 

84 

315 

172 

71 

289 

199 

81 

316 

164 

67 

290 

188 

79 

317 

153 

65 

291 

181 

75 

318 

134 

58            , 

292 

168 

70 

319 

123 

54 

293 

158 

66 

320 

113 

58           / 

294 

150 

63 

321 

99 

43          / 

295 

131 

56 

322 

85 

38         / 

296 

114 

47 

323 

81 

36         / 

297 

108 

44 

Axle  well 

oiled  in  the 

two  follow-  / 

298 

94 

39 

ing 

experiments. 

/ 

299 

.    91 

38 

324 

580 

278       / 

300 

89 

37 

325 

596 

270      / 

In  conducting  these  experiments,  the  first  four  were  made  with  theaifo 
oiled,  so  as  to  keep  it  constantly  feeding  on,  as  shown  in  the  figure.  The  weifbt 
beine;  drawn  up  was  liberated,  and  falling  30  feet,  the  respective  nnmbfrof 
revolutions  were  made  before  the  axle  came  to  a  state  of  rest ;  the  second 
column  being  the  time  in  oscillations  of  a  pendulum  vibrating  300  times  in  1^7 
seconds.  At  the  end  of  experiment  257,  the  oil  which  was  resting  upon  ^ 
bearing,  heaped  up,  as  shown  in  the  figure,  was  merely  removed,  as  caotioailf 
as  possible,  so  as  to  allow  that  which  surrounded  the  axle  to  remain;  the  weight 
was  drawn  up  as  before,  and  falling  precisely  the  same  distance,  the  numbers 
revolutions  was,  in  that  experiment,  189.  No  additional  oil  being  ap|Jied*t)N 
weight  was  successively  drawn  up  and  liberated  as  before,  and  the  number  ci 
revolutions  were  found,  as  shown  in  the  table,  until  the  end  of  the  300th 
experiment,  when  the  number  of  revolutions,  by  the  same  moving  force,  vii 
only  37  ;  during  the  whole  of  which  period  the  axle  was  never  touched,  doc3 
was  applied,  and  none  removed.  At  tne  end  of  the  300th  experiment,  the  i^ 
was  again  copiously  oiled,  so  as  to  feed  on  during  the  whole  of  the  301st  expeii* 
ment,  when  the  number  of  revolutions  were  265.  The  oil  was  then  remoft^ 
as  before,  when  the  number  regularly  diminished  until  the  323d  experimCBt, 
when  it  was  again  reduced  to  36 ;  and  when,  in  the  next  experiment,  the  o3 
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applied  as  before,  the  number  was  increased  to  278,  by  the  lame  weight 
falling  precisely  the  same  distance,  which,  in  the  previous  experiment,  only  pro- 
duced 36  revolutions.  The  oil  used  should  be  very  fluid,  so  as  to  present  the 
least  resistance  to  the  bodies  sliding  over  one  another,  yet  of  sufficient  viscidity 
to  present  them  coming  actually  in  contact.  The  fine  purified  plumbago,  pre- 
portd  as  described  under  our  article  Plumbago,  seems  to  us  well  deserving  the 
Attention  of  the  experimentalist  on  the  friction  of  nmning  axles.  It  has,  here- 
tofore, been  used  only  in  a  very  impure,  and,  consequently,  ineffective  state. 

Tlie  following  Table  being  the  result  of  part  of  the  experiments  previously 
Alluded  to,  having  been  made  upon  the  friction  of  axles  alone,  the  bearing  sur^ 
^^^es  and  insistent  weights  of  which  being  also  more  varied,  will  show  the 
^otnparative  effect  of  different  sized  bearings,  with  the  finest  neatVfoot  oil. 


••^  utd  axle, 
Ulbt. 

Bearing 

6  Inchei. 

Bearing  4|  Inches. 

Bearing  S  Inohet. 

PrcMora  per 
•qomrc  lach  of 
bearing,  la  »w. 

Kffect. 

Presiore  p«r 
•qaare  inch  of 
beariag,  la  Ibi. 

BfflMt. 

Prairare  per 

iqaare  Inch  of 
bearioK.  ia  lbs. 

esiMt. 

4140 

73.82 

108.96 

98.42 

117.10 

147.64 

95.88 

3622 

64.58 

99.18 

86.12 

134.46 

128.87 

122.79 

2465 

43.95 

97.22 

58.60 

148.12 

87.90 

183.75 

1331 

23.78 

86.62 

31.64 

117.04 

47.47 

146.01 

Prom  the  various  experiments  made  by  Mr.  Wood  on  the  friction  of  carriagei, 
^  arrived  at  the  following  conclusions ;  viz. 
"  That  in  practice  we  may  consider  the  friction  of  carriages  moved  along 

nulways  as  a  uniform  and  constantly  retarding  force. 
**  That  there  is  a  certain  area  of  bearing  surface  compared  with  the  insistent 

veight,  when  the  resistance  is  at  a  minimum. 
**  That,  when  the  area  of  bearing  surface  is  apportioned  to  the  insistent  weight, 

^  friction  is  in  strict  ratio  with  that  weight 
The  area  of  bearing  surface  in  the  axles  of  carriages,  calculated  to  give  the 

vinimum  of  friction,  he  found  to  be  one  inch  to  every  98  lbs.  of  the  msistent 

^ht 

We  shall  now  proceed  to  the  consideration  of  the  retarding  effects  of  the  air 
te  the  motion  or  carriages,  which,  although  inconsiderable  at  low  velocities, 
If^aents  a  grta,t  resistance  at  high  velocities,  and  becomes,  at  length,  so  con- 
vdctable  by  a  farther  increase  of  speed,  as  to  constitute,  comparatively  speaking, 
m  only  cause  of  resistance  worth  mentioning.  The  author  of  a  series  of 
Filers  that  were  published  in  the  Scotsman  some  years  afi;o,  has  elucidated 
^  I»art  of  our  subject  with  admirable  simplicity.  "  Dunng  high  winds  (he 
J"ienres)  this  resistance  is  so  considerable,  that  means  should  be  taken  to  lessen 
tti  amount,  first,  by  makine^  the  vehicle  long  and  narrow  rather  than  broad  and 
'^;  and,  secondly,  by  giving  the  front  a  round  or  hemispherical  form.  Let 
^^pose,  then,  that  there  are  two  steam  vehicles,  each  weighing  with  its 
'^ine,  fuel,  and  lead,  15  tons  (or  30,000  lbs.)  The  one  a  steam-waggon,  for 
Greying  goods,  6  feet  high  and  5  feet  wide,  and  having,  of  course,  a  front  of 
^•Quare  feet,  which,  in  reference  to  the  pressure  of  the  air,  is  reduced  to  15 
6et  by  giving  it  a  rounded  form.  The  other,  a  steam-coach,  for  carrying 
pmengers,  is  8  feet  high,  and  8  feet  wide;   or  7  feet  high,  and  9  wide, 

IVMeuting  a  front  of  60  square  feet,  but  reduced  to  30  by  its  rounded  form. 

ifoir,  still  it  is  found,  by  experiment,  to  press  with  a  force  of  16  grains  upon  a 
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body  presenting  a  front  of  1  foot  square,  and  moving  at  the  rate  of  1  foot  in  a 
secono,  and  the  pressure  increases  as  the  square  of  the  velocity.  Hence,  our 
steam-coach,  when  moving  at  4  miles  an  hour,  in  a  still  atmosphere,  would 
encounter'a  resistance  from  the  pressure  of  the  air  of  2^  pounds  ;  at  8  miles  an 
hour  the  resistance  would  be  9  !bs. ;  at  12  miles  an  hour,  20  lbs. ;  at  16  miles 
an  hour,  36  lbs. ;  at  20  miles,  57  lbs.  The  steam-waggon,  presenting  only  half 
the  surface  in  front,  would  experience  only  half  the  resistance. 

Note. — To  affect  minute  accuracy  in  calculations  of  this  kind,  is  a  mere 
deception.  Fractional  quantities  are  therefore  rejected.  In  point  of  fact,  the 
resistance  increases  rather  faster  than  in  the  simple  ratio  of  the  surface,  and  the 
resistance  of  a  sphere  is  less  than  the  half  of  that  of  its  diametrical  section. 
On  the  other  hand,  the  resistance  increases  in  a  ratio  rather  less  than  that  of  the 
square  of  the  velocity. 

"  Let  us  assume,  according  to  what  we  have  already  stated,  that  a  power  of 
150  lbs.  would  just  put  the  steam-coach  in  motion;  then,  if  we  allow  an  addi- 
tional power  of  Z'6  lbs. /or  acceleration^  making  183  lbs.  altogether,  we  find  that 
if  the  air  did  not  oppose  its  progress,  it  would  move  over  43  miles  in  one  hour. 
Now,  since  it  is  propelled  only  by  a  force  of  33  lbs.,  as  soon  as  the  resistance 
of  the  air  pressed  it  back  with  a  force  of  33  lbs.,  the  acceleration  would  cease, 
and  the  motion  become  uniform.  This  would  take  place  within  12  or  15 
minutes,  and,  when  the  velocity  had  risen,  to  14  or  15  miles  an  hour.  With  the 
steam-waggon,  presenting  only  half  the  front,  the  velocity  would  become  uniform 
at  22  miles  an  hour.  Hence  we  see,  that  if  we  had  a  perfect  calm  in  the  atmo" 
sphere,  we  could  impel  15  tons  along  a  railway  with  a  velocity  of  15  or  22  miles 
an  hour  (according  to  the  extent  of  surface  the  vehicle  presented)  by  a  force  of 
183  lbs." 

The  intelligent  author  next  proceeds  to  compare  the  resistance  on  a 
railway  with  that  in  a  canal  or  arm  of  the  sea,  in  a  calm  atmosphercw 
Although  this  mode  of  treating  the  subject  is  somewhat  irregular,  yet  it  places 
the  matter  in  such  a  striking  and  interesting  point  of  view,  that  we  think  the 
digression  will  be  excused.  The  force  required  to  impel  a  vessel  weighing,  with 
her  load,  15  tons,  through  water  at  different  velocities,  would  be  as  follows : — 

At    2  miles  an  hour 50  pounds. 

4  200  „ 

6  450  „ 

8  800  „ 

12  1800  „ 

16  3200  „ 

20  5000  „ 

To  ascertain  the  power  required  to  move  a  waggon  on  a  railway  weighing  15 
tons,  we  have  merely  to  add  to  the  power  necessary  to  overcome  the  friction 
(150  lbs.)  a  few  pounds  more  to  balance  the  resistance  of  the  atmosphere  at  the 
velocity  proposed.  For  the  steam -coach  with  30  feet  front,  it  would  be  as 
follows : — 

At    2  miles  an  hour 150  pounds, 

4 153       „ 

6        155 


8         159 

12 170 

16        187       „ 

20         208 


)i 


>» 


^   We  may  now  combine  the  two  tables  into  one,  and  exhibit  the  results  in  horse 
power,  as  well  as  pounds,  reckoning  one  horse  power  equal  to  180  lbs. 
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Miles 

Boat  on  a 

Canal. 

Waggon  on  a  Railway. 

per  hoar. 

Power 
in  poaodi. 

Horse  power. 

Power 
ta  ponadi. 

Done  power. 

2 

50 

i 

150 

I 

4 

200 

1 

153 

f 

6 

450 

2i 

155 

I 

8 

800 

^ 

159 

f 

12 

1800 

10 

170 

1 

16 

3200 

18 

187 

1 

20 

5000 

27 

208 

n 

it  from  this  Table  the  astonishing  superiority  of  the  railway  over  the 
r  all  velocities  above  4  miles  an  hour.  Nearly  three  times  as  much 
oald  be  required  to  move  an  equal  mass  at  6  miles  per  hour  on  a  canal 
railway ;  5  times  as  much  power  would  be  required  at  8  miles  an  hour ; 
I  as  much  at  12  miles ;  15  times  as  much  at  16  miles ;  and  24  times  as 
20  miles  an  hour.     It  is  evident,  also,  that  an  addition  of  power,  too 

0  add  any  thing  material  to  the  weight  of  the  vehicle,  would  raise  the 
or  uniform  velocity  from  4  miles  an  hour  to  20 ;  and  that,  speaking 

ly,  it  would  cost  no  more  to  command  a  velocity  of  20  miles  an  hour ,  on 
f  than  a  velocity  of  one.  £xcept  for  the  chances  of  itijury  to  the 
or  the  vehicles,  there  would  not  be  the  smallest  reason  for  conveying 
iven  of  the  coarsest  kinds,  at  4  miles  rather  than  at  20  miles  the 

ferfect  calm  in  the  atmosphere  is  very  rare,  and  vehicles  intended  for 
constant  use  must  be  prepared  to  contend  with  the  strongest  winds, 
rer  must  therefore  be  increased  to  such  an  extent  as  to  enable  the 
to  travel  at  its  wonted  pace  in  all  weathers.  Now,  according  to 
atoD,  a  "  hard  gale  "  is  found  to  sweep  along  the  surface  of  the  earth 
,te  of  from  forty  to  fifty  miles  an  hour.     This  velocit}',  which  would  be 

1  to  sixty  or  seventy  by  that  of  the  steam -coach  when  travelling  at 
oiles  an  hour,  would  produce  a  resistance  of  six  hundred  pounds  upon 
Y  feet  of  front  of  the  steam  coach,  or  three  hundred  pounds  upon  the 
the  steam  waggon.  With  a  speed  of  eight  miles  an  hour,  the  coach 
;gon  would  encounter  a  resistance  about  one- half  less.  The  vehicles, 
.  should  not  be  constructed  entirely  with  a  view  to  extreme  cases ;  and, 
vc  the  conveyance  of  mails  and  other  similar  purposes,  an  average 
of  twenty  miles  an  hour  for  vehicles  of  the  weight  and  description 
id  would  be  secured  by  a  power  varying  from  200  to  500  pounds ; 
from  one  fifth  to  one  tenth  of  the  power  required  to  produce  the  same 
;  water.  We  see,  however,  that  the  resistance  of  the  air,  which,  in 
3prehension,  passes  for  nothing,  comes  to  be  the  greatest  impediment  to 
90  of  the  vehicles,  and  may,  in  some  cases,  absorb  five  parts  in  six  of 
ie  power.  Let  it  be  remembered,  at  the  same  time,  that  this  aerial 
e  rises  into  consequence  solely  because  the  high  perfection  of  the 
ry  (the  vehicle  and  the  road)  almost  annihilates  every  other.  The 
m  equally  opposes  the  progress  of  the  stage-coach,  the  track-boat,  and 
i-boat ;  but  the  motion  of  these  vehicles  is  comparatively  so  slow,  and 
r  of  impulsion  required  to  overcome  the  other  i^npediments  so  great, 
renstance  of  the  air  is  disregarded. 

have  been  various  propositions  to  construct  the  periphery  and  tire  of 
wheels,  so  that  they  may  roll  not  only  upon  the  common  road,  but  also 
ailways :  but  if  this  were  allowed,  they  would  be  kept  in  order  bat  ft 

3  K 
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very  short  time,  owing  to  the  injurious  effects  that  would  be  produced  by  the 
gritty  mud  taken  off  the  gravelled  road  and  ground  upon  the  rails.  The 
temptation  to  use  a  railway  in  this  manner  is  great ;  for  the  load  which  required 
a  horse  on  the  common  road  might  be  drawn  by  a  man  on  the  railway ;  thus 
enabling  them  to  go  with  a  greater  speed,  and  yet  with  less  injury  to  the 
horses.  Mr.  Wood  justly  observes,  that  the  object  of  all  railroads  being  to 
present  to  the  wheels  of  the  carriages  a  smooth,  straight,  and  level  surface,  all 
depressions  or  displacement  of  the  rails  therefore  defeat  the  object  for  which 
such  a  road  is  formed;  and,  consequently,  their  formation  must  be  on  the 
principle  of  forming  and  preserving  such  a  level  and  uninterrupted  surface. 
The  nature  of  the  foundation  upon  which  we  have  generally  to  form  a  railway 
renders  this  a  task  of  no  ordinary  difficulty.  Perhaps  it  is  almost  impossible  to 
form  an  absolutely  perfect  railway  according  to  the  above  principles  ;  we  must 
therefore  endeavour  to  approximate  as  nearly  as  possible  towards  such  a  per- 
fection. Two  modes  of  effecting  this  suggest  themselves ;  either  to  form  the 
joinings  of  the  rails  to  the  chairs  in  such  a  manner  that  the  stone  siipports  can 
adapt  themselves  to  the  yielding  of  the  foundation,  without  disturbing  the 
parallelism  of  the  rail ;  or,  that  the  stone  supports  be  made  of  that  size,  and  be 
so  embedded  upon  the  foundation,  that  the  weight  of  the  carriages  shall  not  be 
capable  of  disturbing  them ;  in  which  latter  case  the  joinings  oi  the  rails  to  the 
chairs  must  be  such  that  the  action  of  the  carriages  has  not  the  power  of 
deranging  the  continuity  of  the  rail.  To  carry  the  former  of  these  modes  into 
practice,  and  to  preserve  the  continuity  of  the  rail  with  ease  and  freedom,  the 
stone  should  be  capable  of  moving  round,  or  assuming  any  degree  of  inclina- 
tion to  the  line  of  the  road  that  might  occur  in  practice,  without  either 
straining  the  pin  or  distorting  the  ends  of  the  rails.  To  effect  this,  if  the  pin  be 
made  the  centre  of  motion,  the  under  side  of  the  rail  should  be  a  portion  of 
the  circumference  of  a  circle,  formed  from  the  pin  as  a  centre ;  the  base  of  the 
chair  could  then  be  either  the  apex  of  a  curve,  or  a  circular  cavity  correspond- 
ing with  the  exterior  semicircular  surface  of  the  rail.  The  stone  might  then  be 
depressed  on  either  side,  without  straining  the  pin  or  deranging  the  joints :  or 
we  might  otherwise  make  the  bearance  of  the  rail  upon  the  chair  or  pedestal  the 
centre  of  motion ;  in  such  case  the  pin-hole  should  be  a  circular  slit  or  opening 
formed  from  the  bearing  upon  the  chair  as  a  centre ;  the  pin  being  made 
exactly  to  fit  this  cavity  in  a  perpendicular  direction,  would  prevent  the  rails 
from  starting  upwards  out  oi  their  proper  position,  and  the  semicircular  slit 
would  allow  it  to  turn  longitudinally ;  when  the  stone  then  became  depressed 
towards  one  side,  the  chair  could  move  round  without  injuring  the  pin,  or 
deranging  the  joints  of  the  rails.  Innumerable  forms  of  joinings  might  be 
devised,  every  one  of  which  might,  in  some  degree,  effect  the  purpose  intended ; 
the  essential  consideration  being  to  secure  a  continued  and  permanent  paral- 
lelism in  the  rails,  under  every  derangement  that  may  take  place  in  the  supports 
on  which  they  rest.  "  It  is  not  enough  (adds  Mr.  Wood)  that  the  bearing  be 
such  that  the  rails  are  all  in  the  same  plane,  when  the  stones  on  which  they 
rest  are  in  eood  order,  or  in  their  proper  position,  parallel  with  the  line  of  road: 
the  parallelism  of  the  rails  should  be  preserved,  when,  by  the  yielding  of  the 
ground,  or  from  any  other  cause,  the  stones  are  displaced  from  their  proper 
position,  and  are  made  to  form  a  considerable  angle  with  the  line  of  road. 
it  would  not  have  been  necessary  to  have  been  thus  diffuse  on  this  point, 
had  I  not  found  that  several,  even  of  the  most  modern  forms  of  chair,  were 
evidently  formed  contrary  to  this  principle ;  many  with  a  view  of  causing  the 
mode  o/^  joining  to  keep  the  support  or  stone  in  its  proper  position,  rather  than 
allowing  it  to  adapt  itself  to  the  unavoidable  yielding  of  the  ground  on  which 
it  rests ;  but  the  least  consideration  will  evince  the  futility  of  this,  especially 
when  the  yielding  of  the  ground  causes  the  stone  to  rest  entirely  on  one  side ; 
ft  will  at  once  be  seen,  that  when  the  carriages  come  upon  the  rails,  something 
must  yield  and  give  way,  by  the  c^reat  strain  thrown  upon  the  fastening  from 
the  oblique  action  of  the  weight.  ' 

Mr.  Stephenson  has,  in  forming  the  greatest  part  of  the  Liverpool  and  Man- 
chester railway,  adopted  the  latter  mode,  and  has  endeavoured  tg  obviate  those 
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lifficulties  and  imperfections,  by  making  the  blocks  very  large,  and  embedding 
bein  firmly  upon  the  surface  of  the  road ;  in  the  hopes  that  the  weight  of  the 
rAiriagea  will  have  no  effect  in  displacing  them.  Where  stone  is  readily 
ibtained,  though  expensive  in  the  first  formation,  this  mode  will,  no  doubt,  be 
ound  ultimately  to  be  the  most  beneficial,  especially  if  proper  care  is  taken  to 
;eep  the  surface  on  which  the  stones  rest  dry,  and  free  from  water.  Upon 
isibiic  lines  of  road,  where  the  traffic  is  considerable,  it  is  highly  advisable  to 
^-void  the  necessity  of  any  interruption,  by  having  displaced  blocks  to  set  right 
igBln  ;  and  therefore  it  becomes  the  more  necessary  to  secure  their  permanent 
tcibility  in  the  first  formation. 

On  the  Manchester  and  Liverpool  railway,  the  rails  are  each  five  yards  in 
exigth,  and  weigh  thirty-five  pounds  each  yard.  The  rails  are  supported  every 
l»ree  feet  upon  stone  blocks,  each  block  containing  nearly  four  feet  of  stone. 
ITviro  holes,  six  inches  deep,  and  one  inch  diameter,  are  drilled  into  each  block, 
uti^  into  these  are  driven  oak  plugs ;  and  the  cast-iron  chairs,  to  which  the  rail 
s  immediately  fastened,  are  firmly  spiked  down  to  the  oak  plugs,  forming  a 
soTistruction  of  great  solidity  and  strength.  On  the  embankments,  where  the 
foundations  may  be  expected  to  subside,  the  rails  are  laid  on  oak  sleepers ;  thus 
tlmv  are  thirteen  miles  of  the  rail  resting  on  oak,  and  the  remaining  eighteen 
miles  on  stone  sleepers.  There  are  two  double  lines  of  rails,  four  iect  apart, 
devated  above  the  ground  rather  more  than 
•■>  inch.  The  sectional  form  of  the  rail  is 
>^^resented  in  the  subjoined  cut  at  r:  this 
%Ujre  is  designed  to  exhibit  the  mode  adopted 
"y  ^r.  Stephenson  in  joining  the  rails  to  the 
P^^n,  which  is  deserving  of  notice.  In  pass- 
''^^  the  bars  through  the  rollers,  a  lateral 
P^^ection  is  rolled  upon  one. side  of  the  rail ; 
•"^^  on  one  side  of  the  cheek  of  the  chair,  a 
**^ity  is  cast,  equal  in  size  with  the  projec- 

^^*^,  as  seen  at  a  in  the  annexed  figure.  On  the  opposite  side  of  the  chair 
?*Y^thcr  cavity  b  is  cast,  for  the  purpose  of  receiving  an  iron  key.  When  the  rail 
'f  ««id  into  the  chair,  the  key  is  driven  into  the  cavity  b,  which,  pressing  against 
^**  aide  of  the  rail,  forces  the  projection  a  into  the  cavity  on  the  opposite  Side, 
•**d  thus  effectually  secures  the  rail  from  rising  up. 

,  Mr.  Losh  has  a  difierent  mode  of  effecting  this  object.  In  this  plan  the  pro- 
j^Uon  is  rolled  on  both  sides  of  the  rail,  as  shown  in  the  annexed  section  ;  one 
^  these  projections  enters  a  cavity,  a,  in  the 
•«»ir,  as  in  Mr.  Stephenson's.  On  the  other 
*"«ek  of  the  chair  a  longitudinal  cavity  is 
^•t  to  receive  a  key,  but,  as  shown  in  the 
^jB^re,  it  is  a  double  one,  acting  at  the  same 
***e  upon  the  upper  part  of  the  projection 
^'^  the  rail,  to  force  it  down  upon  the  chair, 
■■*4  against  the  side  of  the  rail,  to  steady  it, 
■j^  force  the  projection  on  the  other  side  of 
^  rail  into   the  cavity.     By   this  mode  of 

J*ying,  if  the  rail  works  loose  upon  the  chair,  by  driving  the  key,  it  can  again 
••  tightened. 

The  plan  of  fastening  the  rails  by  kej's  is  infinitely  pereferable  tj  pins;  as  the 
'f^r  are  apt  to  work  loose,  and  to  secure  them  again  permanently  has  been 
««uid  a  difficult  task. 

An  opinion  having  been  extensively  promulgated  by  the  advocates  for  cast-iron 
''^  that  those  made  of  wrought  iron,  from  their  softness  and  fibrous  texture, 
^"^e  liable  to  exfoliate  and  wear  away  fast,  an  investigation  into  the  facts  was 
^'y  generally  instituted,  the  result  of  which  was  decidedly  favourable  to  the 
•■^ibihty  of  the  malleable  rails.  Mr.  George  Stephenson's  report  on  this  subject, 
^^toburated  as  it  is  by  other  indubitable  testimony,  is  deserving  of  attention. 

^*  In  my  opinion,"  says  Mr.  Stephenson,  "  Birkinshaw's  patent  wrought-irpn 
^  pQueaset  thoae  advantages  in  a  higher  degree  than  any  other.    It  is  «^v» 
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dent  that  such  rails  can  at  present  be  made  cheaper  than  those  that  are 
the  former  require  to  be  only  half  the  weight  of  the  latter  to  afford  the  i 
security  to  the  carriages  passing  over  them,  vrhile  the  price  of  the  one  mat 
is  by  no  means  double  that  of  the  other.  Wrought-iron  rails,  of  the  i 
expense,  admit  of  a  greater  variety  in  the  performance  of  the  work,  and 
ployment  of  the  power  upon  them,  as  the  speed  of  the  carriages  may  be  inert 
to  a  very  high  velocity  without  any  risk  of  breaking  the  rails;  their  tougl 
rendering  them  less  liable  to  fracture  from  an  impulsive  force,  or  a  sudden , 
To  have  the  same  advantages  in  this  respect,  the  cast-iron  rails  would  rec 
to  be  of  enormous  weight,  increasing,  of  course,  the  original  cost 

"  From  their  construction,  the  malleable  iron  rails  are  much  more  easily 
in  order.  One  bar  is  made  long  enough  to  extend  over  several  blocks;  hi 
there  are  fewer  joints  or  joinings,  and  the  blocks  and  pedestals  assist  in  kec 
each  other  in  their  proper  places. 

**  On  this  account,  also,  carriages  will  pass  along  such  rails  more  smot 
than  they  can  do  on  those  that  are  of  cast-iron. 

"  The  malleable  iron  rails  are  more  constant  and  regular  in  their  deca; 

the  contact  and  pressure  of  the  wheel ;  but  they  will,  on  the  whole,  last  Ic 

than  cast-iron  rails.     It  has  been  said  by  some  engineers,  that  the  wrousfal 

exfoliate,  or  separate  in   their  laminae,  on  that  part  which  is  exposed  tc 

pressure  of  the  wheel.     This  I  pointedly  deny,  as  I  have  closely  exan 

rails  which  have  been  in  use  for  years,  with  a  heavy  tonnage  passing  i 

them,  and  on  no  part  are  such  exfoliations  to  be  seen.     Pressure  alone  wi 

more  destructive  to  the  cohesive  texture  of  cast  iron  than  to  that  of  wrc 

iron.     The  true  elasticity  of  cast  iron  is  greater  than  that  of  malleable  i 

t.  e,  the  former  can,  by  a  distending  power,  be  drawn  through  a  greater  t 

without  permanent  alteration  of  the  form  ;  but  it  admits  of  very  little  eli 

of  form  without  producing  total  fracture.     Malleable  iron,  however,  is  sn 

tible  of  a  very  great  change  of  form,  without  diminution  of  its  cohesive  po 

the  difference  is  yet  more  remarkable,  when  the  two  substances  are  expon 

pressure ;  for  a  force  which  in  consequence  of  its  crystalline  texture  i 

crumble  down  the  cast-iron,  would  merely  extend  or  flatten  the  other,  and 

increase  its  power  to  resist  the  pressure.     We  may  say,  then,  that  the  pro] 

of  being  extensible,  or  malleable,  destroys  the  possibility  of  exfoliation  at 

as   the   substance   remains  unchanged  by  chemical  agency.     A  remari 

difference,  as  to  uniformity  of  condition  or  texture  in  the  two  bodies,  prod 

a  corresponding  want  of  uniformity  in  the  effects  of  the  rubbing  or  fnctio 

the  wheel.     All  the  particles  of  malleable  iron,  whether  internal  or  superC 

resist  separation  from  the  adjoining  particles,  with  nearly  equal  forcet.    ( 

iron,  however,  as  is  the  case  with  other  bodies  of  similar  formation,  b 

harder  and  tougher  in  the  extenor  part  of  a  bar  than  it  is  in  the  inte 

This,  doubtless,  arises  from  the  more  rapid  cooling  of  the  exterior.    The 

sequence  is,  that  when  the  upper  surface  of  a  cast-iron  rail  is  ground  avv 

the  friction  of  the  wheel,  the  decay  becomes  very  rapid. 

"  The  effects  of  the  atmosphere  in  the  two  cases  are  not  so  different  at  t 
of  much  moment.  On  no  malleable  iron  railway  has  oxydization  or  mi 
taken  place  to  any  important  extent. 

'*  I  am  inclined  to  think  that  this  effect  is  prevented,  on  the  bearing  surfte 
much  used  railways,  by  the  pressure  upon  them.  To  account  for  their  eztrai 
nary  freedom  from  rust,  it  is  almost  necessary  to  suppose  that  some  dimim 
takes  place  in  the  chemical  affinity  of  the  iron  for  ine  oxygen  or  carbonie  i 
The  continual  smoothness  in  which  they  are  kept  by  the  contact  of  the  wli 
has  the  usual  effect  of  polish,  in  presenting  to  the  destroying  influence  a  in 
surface  to  act  upon.  The  black  oxyde  or  crust,  which  always  remaiw  i 
rolled  iron,  appears  to  act  as  a  defence  against  the  oxydizing  power  d 
atmosphere,  or  water.  This  is  the  reason  why  the  rail  does  not  rust  a 
sides. 

According  to  Mr.  Wood,  practice  seems  to  have  established  the  fact  dud 
above  was  written,  that  there  is  no  waste  or  destruction  from  oxydation  er  ( 
liatioo,  and  that  the  wear  is  less  than  in  cast-iron,  subjected  to  the  nme  tc 
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A.  xnore  severe  test  of  comparison  in  the  wear  of  wrought  and  cast-iron,  exists 
lEi  ^vrheels  made  of  the  two  materials ;  locomotive  engine-wheels  of  the  latter 
m  ^-ferial  generally  become,  by  wear,  unfit  for  use  in  nine  months,  while  the 
^*"«>ught-iron  tires  have  worn  in  some  cases  three  years,  and  are  not  yet  unfit 
for-    use. 

he  phenomenon  in  the  diflference,  in  the  tendency  to  rust,  between  wrought* 
I  laid  down  as  rails,  and  subjected  to  continual  motion  by  the  passage  of  the 
c^niage  over  them  ;  and  bars  of  the  same  material,  either  standing  upright  or 
hu<l  down,  without  being  used  at  all,  is  very  extraordinary. 

-A  railway  bar  of  wrought-iron,  laid  carelessly  upon  the  ground  alongside  of 
ont  ^  in  the  railway  in  use,  shows  the  effects  of  rusting  in  a  very  distinct  manner. 
Tl^^  former  will  be  continually  throwing  off  scales  of  oxidated  iron  ;  while  the 
la.€.-fc<er  is  scarcely  at  all  affected. 

"J-'he  first  cast-iron  rails  were  by  far  too  weak.  Scarcely  any  of  the  rails  laid 
do^wn  twenty  years  ago  are  in  existence ;  this  is  partly  owing  to  the  increased 
w^i^ht  now  carried  upon  the  rails,  and  partly  to  the  mistaken  policy  in  the 
carving  by  the  lightness  of  rails,  to  keep  the  cost  below  that  of  the  wooden 
way. 

■Et  seems  necessary  that  the  rails  should  be  made  considerably  stronger  than 

merely  to  support  the  weight  they  have  to  carry.   The  blows  they  are  subjected 

to»   ^rom  the  unevenness  of  the  road,  transferring  the  weight  alternately  from 

ocft^  side  of  the  carriage  to  the  other,  and  the  side  shocks  from  projections  upon 

tlie  sides  of  the  rails,  all  have  a  tendency  to  snap  in  two  the  cast-iron,  or  bend  the 

ii^silleable  iron  rails.    We  shall  have  occasion  to  introduce  some  more  remarks  on 

this  part  of  our  subject,  but  as  they  have  relation  to  a  more  advanced  stage  of 

impTovement  than  had  been  attained  at  this  period  of  time,  we  shall  here  resume 

oar  chronological  narration  of  the  progress  of  invention. 

Bdany  ingenious  contrivances  have  been  devised  to  enable  (what  has  been 
tertned)  a  carriage  to  carry  Us  oum  raihvay.     The  generality  of  these  inventions 
h*ve  been  turned  to  very  little  account ;  partly,  in  some  cases,  from  their  inhe- 
rent defects ;  and  partly,  in  others,  from  their  being  only  useful  under  circum- 
stances which  rarely  occur,  in  countries  like  our.,  own,  wherein  mechanical 
>^iU  and  industry  have  done  so  much  to  mend  our  ways.     Nevertheless  some 
of  these  contrivances  exhibit  such  admirable  combinations  of  parts,  that  they 
•re  ultimately  rendered  subservient  to  other  uses  than  those  which  their  inven- 
tors designed  them  for.     It  not  unfrequently  happens  that  the  general  benefit  is 
more  advanced  by  an  original  clever  invention,  that  has  failed  in  accomplishing 
the  object  intended,  than  in  one  of  the  little  every-day  ameliorations  which  per- 
fectly succeeds.    Original  combinations  of  genius,  founded  upon  correct  scientific 
knowledge,  we  are  disposed  to  venerate  as  the  result  of  a  power  that  has  been 
bestowed  upon  us  by  the  beneficent  Author  of  nature,  to  imitate,  for  our  parti- 
cular uses,   his  glorious  works.      We  are  therefore   indisposed  to  pass  by 
unnoticed  such  invnitions,  because  they  might  have  failed  in  their  object  on  first 
Application ;  andj^elieving,  with  the  late  Sir  Humphry  Davy,  that  **  a  history 
*  of ^  failures  invari&bly  shortens   the  road  to  success,"  in  mechanics  as  well 

»•  chemistry,  we  hesitate   not  to  give  the  matter  insertion  without  more 
apolo^. 

This  machine  is  the  invention  of  Mr.  John  Richard  Barry,  of  the  Minories, 
I^don,  and  was  patented  in  July  1821  :  the  design  of  it  is  to  enable 
•  carriage  to  pass  over  the  most  rugged  ground,  without  receiving  any  obstruo- 
tiOQ  from  large  stones  or  other  abrupt  impediments  lying  in  its  path,  which 
^Ottld  render  impassable,  or  be  destructive  to,  ordinary  carriages ;  and  in  the 
^  of  level  smooth  roads,  to  run  along  them  with  great  freedom  and  celerity, 
-y)^  annexed  Fiy.  1  exhibits  a  vertical  longitudinal  section  of  the  machine,  and 
*|9-  2  is  a  plan  of  the  same ;  the  dotted  line  in  this  figure  denoting  the  plane 
"^  delineation  of  Fig,  1.  (/<^ represent  the  rath  or  side  pieces  of  the  frame; 
'  f  the  transverse  pieces  which  connect  them  ;  the  rails  d  d  dXQ  made  exactly 
•Ijke,  rounded  at  their  ends,  and  their  edges  lined  with  iron,  so  that  the  anti- 
frjciion  wheels///  may  roll  smoothly  over  them.  The  axles  of  these  anti-friction 
^Wb  rerolTO  in  plummer  blocks,  each  of  which  form,  as  it  were,  a  link  of  taoL 
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end  lew  pitched  chain  jfjf^,  which  ii  ilretchedoutbyiUid  ti 
chain  «heel<  A  h,  whose  axea  revolve  in  bearing*  in  the  Ulenl  raiU  d  d. 
ailei  of  tlie  arti-friclion  rollers  are  bIiu  the  axles  of  the  ninniDg  wheel*  t> 
the  carriage  ;  (he  bo4y  of  the  latter  being  sujiported  by  iron  arms  it,  M 
or  curved  as  to  be  clear  of  the  wheels  in  Iheir  revolution.  We  will  noi 
poae  that  draught  traces  are  applied  to  the  rails  of  the  carriage,  by  a  bat 
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vehicle  is  first  drawn  over  a  level.  Ml 
ncet  with  no  oWaclei  to  check  thur  it* 
lulion,  the  ami- friction  rollers  will  revolve  in  contact  with  tliem ;  and  M 
laller  roll  along  the  under  HiirTacc  of  the  rails,  ihey  aupport  the  body  d 
vehicle,  each  pair  of  wheels  in  succession  passing  under  the  carriage,  bf 
action  of  the  endless  chain,  end  causing  it  lo  toll  forward.  Second,  whii 
carriage  i«  drawn  over  rugged  stony  ground,  and  the  running  wheels  nwit' 
impediments,  such  as  are  atlempled  lo  be  represented  in  i^.  1,  thoK  «h 
instead  of  being  impelled  over  them  a*  in  common  carriages,  atop  waiint  tl 
ard,  uDinterruptedly,   at    thoa^   tiM 


and  the  earriiiga   proceeds 
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were  level  and  smooth,  which  is  caused  by  the  anti-friction  wheels  rolling 
round  in  freedom  upon  the  rails,  supporting  the  carriage,  and  allowing  it 
to  glide  smoothly  over  them ;  until  the  chain,  in  its  continuous  revolution,  lifts 
up  the  opposed  wheel,  as  shown  at  k  in  Fig.  1,  and  the  obstacle  is  passed 
without  any  violence  or  difficulty,  or  requiring  any  application  of  extra  power. 
The  patentee  does  not  exhibit  in  his  drawing  any  mode  of  enabling  the  car- 
riage to  perform  curves,  or  turn  corners  and  angles  in  the  road ;  but  on  this 
point  he  says,  *'  This  appears  to  me  altogether  unnecessary  to  show,  as  my 
claim  rests  in  the  introduction  of  the  endless  railway,  and  the  adaptation  of 
anti-friction  rollers  upon  the  axles  of  the  wheels,  for  the  purpose  of  traversing 
the  railway,  as  shown  and  explained  in  the  drawing  and  description.  But  that 
I  may  not  be  thought  to  withhold  any  necessary  information  as  to  a  convenient 
mode  of  adapting  my  invention,  I  will  farther  state,  that,  in  order  to  enable  a 
carriage,  with  my  improvements,  to  turn  angles  or  curves  with  care,  I  should 
employ  two  sets  of  the  apparatus,  the  rail  of  the  hinder  being,  by  its  frame- 
work, firmly  fixed  to  the  body  of  the  vehicle,  and  the  rail  of  the  front  one  being 
connected  to  the  vehicle  by  means  of  a  swivel  or  joint,  so  as  to  enable  it  to  turn 
horizontally,  in  order  that  the  fore  wheels  might  be  placed  in  any  direction 
oblique  to  the  track  of  the  hinder  wheels.  It  may,  however,  be  necessary 
farther  to  say,  that,  in  most  cases,  three  pairs  of  wheels  and  nxles  will  be  suffi- 
cient for  the  fore  part,  and  three  pairs  to  the  hinder  part."  This  mode  of 
obviating  the  difficulty  of  turning,  is,  however,  so  defective,  as  to  call  for  a 
further  exertion  of  talent  in  perfecting  Mr.  Barry's  very  curious  machine.  We 
have  never  heard  whether  it  has  been  brought  into  practical  use  or  trial ;  but  we 
feel  assured  from  the  description,  that  in  travelling  nearly  straight  courses,  it 
will  traverse  with  facility  roads  so  rugged  as  to  be  wholly  impassable  to  ordi- 
nary carriages. 

But  the  well-directed  skill  and  admirable  perseverance  of  Mr.  M'Adam 
having,  about  this  period,  brought  our  public  roads  into  a  high  state  of  improve- 
ment, had  the  effect  of  removing,  at  the  same  time,  the  only  insuperable 
obstacle  to  the  application  of  locomotive  steam-carriages  thereon  :  accordingly, 
we  find  numerous  projectors  and  speculators  successively  appearing  for  the 
honour  or  the  profit  of  their  successful  introduction.  To  attain  that  object, 
however,  there  are  two  things  essentially  requisite — capital  and  skill ;  and 
these  must  be  employed  in  combination,  and  to  an  extent  which  has  not 
hitherto  been  practised  ;  otherwise  disappointment  will  continue  to  be  the 
bitter  fruit  of  experience  in  this  interesting  and  important  branch  of  mechanical 
science.  In  some  instances  gold  has  been  wanting  where  skill  was  abundant ; 
and,  in  others,  gold  has  been  abundant  where  skill  was  wanting.  From  theie 
causes,  separate  or  combined,  in  an  undue  ratio,  steam  locomotion  upon  the 
common  road  has  made  but  little  progression  since  the  time  of  Trevithick,  not- 
withstanding the  vast  aid  derived  from  M'Adam,  and,  more  recently,  from  the 
labours  of  Telford  and  M'Neill. 

Since  these  changes  in  our  roads  were  effected,  the  name  of  Julius  Griflitb, 
of  Brompton  Crescent,  stands  the  foremost  in  prosecuting  the  object.  His  patent 
is  dated  in  December,  1821,  and  the  specification  informs  us  that  it  was  partly 
communicated  by  foreigners.  In  this  carriage  there  are  two  working  steam 
cylinders,  which,  together  with  the  boiler,  a  condenser,  and  other  appendages, 
are  suspended  to  a  framing  at  the  back  of  the  vehicle.  The  carriage  body 
is  to  be  made  of  any  convenient  form  adapted  to  passengers  or  goods,  and 
to  be  supported  upon  springs  of  the  usual  kind,  as  exhibited  in  the  annexed 
engraving.  At  a  is  the  furnace,  which  is  supplied  with  fuel  from  a  receptacle 
6,  by  the  engineer,  who  has  a  seat  behind,  and  has  convenient  access  to  two 
handles  at  c,  one  of  which  is  to  open  the  feeding-door,  and  the  other  to  operate 
as  a  damper  in  regulating  the  draught  of  the  furnace.  The  boiler  is  situated  at 
df  contained  in  a  double  iron  case,  packed  with  some  non-conducting  material ; 
a  part  of  this  case  is  represented  in  the  drawing  as  broken  away,  to  show  that 
the  boiler  consists  of  several  horizontal  tiers  of  tubes,  the  ends  of  which  are 
passed  through  iron  plates,  which  form  the  sides  of  the  heated^  chamber,  and 
ara  then  returned  again  across  the  same.    Connected  by  bolts  and  straps  to  the 


earrian,  Ii  r  reiervwr  of  vrateT  t,  which  U  Anna  out  by  t,  force- 

d  hy  the  return  itroke,  injected  into  a.  pipe  g  at  the  bottom  of  the 
•  it  i>  diltributed  into  the  lowermost  range  of  lubei,  and  from 
neit  above,  the  upp*rmost  row  being  employed  aa  it«am  remiroin. 


g  the  wute  heal  as  it  pssaea  to  the  chininey 
:  of  the  vapour  before  it  proc 

:,  after  having  given  motion  to  the  mstons,  it  it  conducted  by  a 


chinincy,  ■ 
alon^  the 


«  A  to  the 


■  condenser  i,  whicu  consiati  of  a  number  of  flattened  tiiin  n 
ed  to' the  cooling  influence  of  the  air.  The  power  of  the  engines  it 
ed  ham  the'  piston  rods  to  the  running  wheels  of  the  carriage, 
means  of  sweep-rods,  (one  of  which  is  brought  into  view  at^,)  the 
of  which  are  provided  with  driving  pinions  and  detenb,  which 
1  toothed  Bear  fixed  to  the  hind  carriage  wheel  axle.  The  object  of 
lam,  (which  is  of  foreign  invention,  ana  denominated  an  Artxbe^er,) 
le  driving  pinions  always  in  gear  with  the  toothed  wheels,  however 
Lsd  other  machinery  may  vibrate,  or  the  wheel*  be  jolted  upon 
Ad.  In  order  that  the  engines  and  steam  apparatus  may  not  suffix 
teussions  of  the  latter,  they  are  suspended  by  sLngs  at  i,  to  a  strong 
;  II,  and  to  give  (he  suspending  chain*  some  degree  of  elasticity, 

springs  are  introduced  between  them  as  ihowD  at  m. 

ng  of  the  carriage  is  eflected  by  means  of  levers  which  turn  round 

the  fore  wheels,  so  as  to  present  the  latter  in  the  line  of  direction 
%e  axles  are  supported  in  a  vertical  frame  which  is  made  tf|  turn 
by  means  of  a  guide  wheel  n,  on  the  top  of  a  spindle  o,  the  lower 
f  which  carries  a  pinion  that  takes  into  an  internal  toothed  wheel 

inder  Gordon  states,  in  his  Treatiit  on  Ekmentel  Loeoaw&m,  tliat 
J  difficulty  Mr.  Griffiths  had  to 
1,  was  the  liability  to  which  the 
ixposed,  of  having  all  the  water 
>f  the  tubes  by  the  force  of  the 
ited  in  the  lower  part,  and  to  the 
ioe  circulation  or  ability  of  the 
ID ;  and  he  has  ^ven  the  annexed 
izlubiling  the  construction  of  the 
J  Mr.  Griffiths,  which  we  insert, 
Tom  the  specification,  and  as  it 
ance  to  be  acquainted  with  its 
Jon.  H  is  the  fire-place,  J  J  J 
les  of  each  horizontal  series,  the 
•f  which  open  into  vertical  tubes 
;  into  transverse  horizontal  tubes 
,  where  the  steam  is  desired  to 
for  the  service  of  the  engines. 
ition  of  great  singularity,  but 
eflbct  a  similar  object  to  Mr. 
srted  a  few  pages  hack,  wa* 
1822,  bv  the  late  highly  respected 
nt  Mr.  David  Gordon.  Our  only 
on  this  matter  is  derived  from  the 
fWatiM  on  EUmenlal  Locomotion, 
Mr.  Alexander  Gordon;  who,  it 
■tted,  baa  omitted  to  bestow  upon 
hose  details  which  are  essential 
ir«eticable  form :  we  are  therefore  obliged  to  give  the  propodtion  in 
;fc  The  machine  consists  of  a  large  hollow  cyUnder,  about  nine 
rter,  and  five  feet  long ;  having  its  internal  circumference  provided 
nnoDs  series  of  cogged  teeth,  into  which  are  made  to  work  the 
ling  wheels  of  a  Icicomotive  steam  engine,  of  the  kind  already 
I  inSi  be  recognised  by  the  figures.     The  steam  power  being  com- 
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municftled  to  the  wheels  of  the  carnage,  cauiei  tliem  to  nwol™,  ud  to  cldA 
up  Ihu  internal  rack  of  the  iarge  cylinder ;  the  centre  of  gravit:r  of  the  «^ 
biiuE  thus  eonatarlly  made  t»  change  ita  pmitioiT,  and  to  ibfow  iH  '^irf-t^ 
on  the  forward  Bide  of  the  axli  of  the  cyliader,  the  Utter  (la  compelled  to  rdl 
forward,  propelling  the  vehicle  before  it,  and  whatever  train  may  be  added  lo 


the  hindef  part.  Ai  an  example  of  the  utility  of  thit  machine,  Mr.  Aleiufa 
Gordon!  Bta tee,  that  be  ba>  lately  beeD  informed  by  Mr.  Samuel  MoylCtLWil* 
iubieqifent  date,  be  had  used  a  large  drum  of  this  kind  wilh  gfaal  adTWil)^ 
fur  tba  tran«>ort  of  heavy  goods  over  a  airamp,  in  South  Amarica.  "  HmW 
a  qua^itity  of  plate  iron,  which  waa  too  heavy  to  carry  over  otherwiae,  he  onM 
tlie  nUtea  together  into  the  shape  of  a  large  cylinder,  and  cairiri  oraktiT 
gooA  in  the  iniide  of  it.  As  the  party  advanced,  this  huge  maeluiw  nlU™ 
them.     Having  arrived  at  their  destination,  the  riveta  were  cut  vS,  mi'^ 

Elates  applied  to  their  intended  use.  Now  it  will  be  obvious  that  a  loUatrf It* 
End,  so  far  from  deleriorating  a  road,  must  materially  improve  it,  and  it  af 
Dot  inappropriately  b^  termed  ■  movable  ToU-road." 

On  the  3d  of  Febru^iy,  1624,  a  patent  was  granted  to  Mr^T.  Buntall  ^  J(k 
Hill,  of  Leith,  for  a  locomotive  steam  carriage ;  an  account  of  which  ms  W 
given  in  the  Edinburgh  Journal  of  Science,  whence  we  dedre  tba  fbDafiV 
descriplioli. 

"  A  represents  the  bailer,  which  is  formed  of  a  stout  caat-inm  m  odff  ■■'' 
able  metal  Que,  inclosed  in  a  wrought-iron  or  copper  case,  as  lem  ie  snW 
where  A  is  the  place  for  fuel,  and  aaa  are  parts  of  the  flue,  as  saau  ia  Ntli^ 
the  top  being  tbrmed  into  a  number  of  shalbw  trays  or  receptaelei  fat  ccaltf- 
ing  a  small  quanti^  of  water  in  a  state  of  being  converted  into  staam,  wUdi  b 
■dmitted  from  Aie  reservoir  by  a  small  pipe.  S  is  the  chimn^,  arising  fr* 
the  centre  Hue;  at  D  are  the  two  cylinders,  one  behind  the  .other,  whiu  tn 
fitted  up  with  pistons  and  valves  or  cocks,  in  the  usual  way,  for  the  aha9i>> 


action  of  steam  above  and. below  the  pistons.  The  boiler  being  MiqiendMl  ■ 
ipriu|t,  the  steam  is  conveyed  from  it  to  the  en^es,  through  uie  IteUcil  P>p 
t,  which  has  that  form  given  to  it  to  allow  the  vibration  of  the  boila,  «ii» 


'RJ1117  to  the  steam  joints.  E  is  the  cistern 
say  SO  to  80  gallons,  and  is  made  of  strung  copper,  an^aiivtight,  to  sarisit  * 
pressure  of  about  60  pounds  to  the  square  inch.  At  t  are  one  or  more  tir-pamp, 
which  are  worked  by  the  beams  FE  of  the  engines,  and  ere  used  to  forte  Kt 
into  the  valer  veuel,  tbat  its  pressure  may  drive  out,  by  a  convenient  pip^  ^ 


IB  &»  boOer,  al  lueli  time*  and  In  rach  quantitiM  M  nutj  Iw  requird 
ibe«BU  m  connected  at  one  end  «itU  the  piilon  rodi,  ud  ftt  Ibe  otbcr 


meklng  (tandard*  H  H.     At  about  one-fourth  of  Ibe  length  of  tbe 
ma  the  piilon  rodi  are  the  two  connecUng  rodi^;,  their  rawer  end* 
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being  attached  to  two  cranks,  formed  at  angles  of  90"  from  each  oAer  on  tbt 
hind  axle,  giving,  by  the  action  of  the  steam,  a  continued  rotatory  motion  to 
the  wheels,  without  the  necessity  of  a  fly-wheel.  The  four  coach  wheels  ire 
attached  to  the  axles  nearly  as  in  common  coaches,  except  that  there  is  i 
ratchet  wheel  formed  upon  the  back  part  of  the  nave,  with  a  box  wedged  into 
the  axle,  containing  a  dog  or  pall,  with  a  spring  on  the  back  of  it,  for  the  yon- 
pose  of  causing  the  wheels  to  be  impelled  when  the  axle  revolFes,  and  at  the 
same  time  allowing  the  outer  \vheel,  when  the  carriage  describes  a  curve,  to 
travel  faster  than  the  inner  one,  and  still  be  ready  to  receive  the  impulie  of 
the  engine  as  soon  as  it  comes  to  a  straight  course. 

"The  patentees  have  another  method  of  performing  the  same  operation  with 
the  further  advantage  of  backing  the  coach  when  the  engines  are  oacked.  In 
this  plan,  the  naves  are  cast  with  a  recess  in  the  middle,  in  which  is  a  double 
bevelled  clutch,  the  inside  of  the  nave  being/ormed  to  correspond.  The  clutches 
are  simultaneously  acted  upon  by  connecting  levers,  and  springs,  and  which, 
according  as  they  are  forced  to  the  right  or  left,  will  enable  the  carrisge  to  be 
moved  forward  or  backward.  To  the  fore  nave  are  fixed  two  cylindri(^  met&V 
rings,  round  which  are  two  friction  bands,  to  be  tightened  by  alever  convenieot 
for  the  foot  of  the  conductor,  and  which  will  reacUly  retard  or  stop  the 
when  descending  hills.  K  is  the  seat  of  the  conductor,  with  the  steering  whe 
L  in  the  front,  which  is  fastened  on  the  small  upright  shaft  1,  and  turns  tbetw^^ 
bevel  pinions  2,  and  the  shaft  3,  with  its  small  pinion  4,  which  working  into  ^^ 
rack  on  the  segment  of  a  circle  on  the  fore  carnage,  gives  full  power  to  pUf-s 
the  two  axles  at  any  angle  necessary  for  causing  the  carriage  to  turn  on  tb^aa 
road,  the  centre  of  motion  being  the  perch  pin  I. 

**  The  fore  and  hind  carriage  are  connected  by  a  perch,  which  is  bolted  kA  i^H 
one  end  by  the  fork,  and  at  the  other  is  screwed  oy  two  collars,  which  pcrmi-^* 
the  fore  and  hind  wheels  to  adapt  themselves  to  the  curve  of  the  road.  T  — 
ascend  acclivities,  and  particularly  where  the  carriage  is  used  on  railways,  or  i 
drag  another  behind  it,  it  is  presumed  that  greater  friction  will  be  required 
the  road  than  the  two  hind  wheels  will  give,  and  there  is,  therefore,  a  cont 
vance  to  turn  all  the  four  wheels.  This  is  done  by  a  pair  of  mitre  wheeii 
one  being  on  the  hind  axle,  and  the  other  on  the  longitudinal  shaft  6,  on  whic 
shaft  is  a  universal  joint,  directly  under  the  perch  pin  I,  at  7.  This  enaUesi* 
small  shaft  7  to  be  turned,  though  the  carriage  should  be  on  the  locL  On 
end  of  the  shaft  7,  is  one  of  a  pair  of  bevel  wheels,  the  other  beinf  on  the  1 
axle,  which  wheels  are  in  the  same  proportion  to  one  another  as  uie  fore  ia« 
hind  wheels  of  the  carriage  are,  and  this  causes  their  drcumferenoe  to  mo^^ 
on  the  ground  at  the  same  speed.  The  engines  were  calculated  at  ten  horses 
power,  and  it  was  purposed  to  use  steam  of  the  highest  preasure,  which  wu  to 
DC  let  off  into  a  separate  vessel,  and  the  quantity  emitted  to  be  r^ulated  byoa« 
or  more  cocks." 

. ''  From  the  foregoing  description,"  (observes  the  editor  of  the  before-D^ 
tioned  journal)  "  we  think  we  are  warranted  in  saying,  that  there  la  consideratit 
degree  of  ingenuity,  as  well  as  originality,  in  many  of  the  details,  and  iho^ 
the  eeneral  arrangement  of  the  machinery.  In  this  light  we  regard  their  nMd| 
of  afiowing  the  several  wheels  to  move  simultaneously  ac  different  velocitieiitw 
convoluted  form  given  to  the  steam  and  water  pipes,  by  which  the  injario* 
effects  of  jolting  are  avoided  by  very  simple  means;  and. the  mode  of  injectiif 
water  into  the  boiler  by  means  of  compressed  air.'* 

pair 

four. 

wheels, 

the  boiler  is  bolted  to  the  axletree  olf  the  extra  wheels,  and  the  front  end  itrii 

and  turns  upon  a  pivot,  fixed  to  the  axle  of  the  middle  pair  of  wheels.    2j  tht 

second  mode,  the  axle  of  the  hind  wheels  turns  upon  a  centre,  and  the  bouerii 

attached  to  a  frame,  which  encompasses  it;  this  frame  is  suspended  upon  s|inBp 

or  not  .dccording  to  the  nature  of  the  road,)  the  part  of  it  being  bolted  to  6 

ax«o  of  the  middle  pair  of  wheels.     By  either  of  these  contrivancesi  the  caniifi 
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taining  th«  biulBr  maj  b«  made  to  adapt  iticlf  to  Um  bendi  in  Iha  road, 
iKMit  incurring  injurioui  itraini. 

The  next  improvement  of  material  importance,  csniiiti  in  the  conitiuctiou 
Qm  iteam  pipes,  whicli  have  iliding  and  movable  knee-formed  Jointi,  to 
lit  of  their  axleniion  and  contraction,  when  the  carriage  ii  pauing  ovei 
{h  or  undulating  ground ;  thus  conatructed,  the  pipes  alio  accommodate 
nadvei  to  bendi  and  iiregularitieB  in  the  road.  The  ttiird  improvement 
tas  to  the  mode  of  steering  the  carriage,  which  i>  effected  by  a  chain  eir- 
laeribing  the  steering  wheel  the  ends  of  the  chain  then  pairing  round 
le^a  fixed  to  the  carriage  frame,  ate  attached  to  the  oppoiito  extreiaitiei  of 

fore  uletree." 


tflidf  after  Ute  puUieation  of  the  foregoing  announcement  b  the  EduAiayk 
m&l  ^  Satat*,  we  had  an  opportunitj  of  uupMting  a  working  model  coi^ 
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itructed  upon  a  scale  of  three  inches  to  the  foot,  which  emhraced  these  iinpra?e«» 
ments.     It  was  puhlicly  exhibited  in  Edinburgh,  and  afterwards  in  London 
where  it  was  made  to  travel  round  a  circle  of  17  feet  diameter,  on  an  unevecj 
deal  floor,  with  a  speed  equal  to  about  7  miles  per  hour.    A  deal  platform,  1^ 
feet  long,  risine  1  root  at  the  end  (or  1  in  18)  was  fixed,  which  the  carriage  ra^ 
rapidly  up  without  apparent  efibrt.     On  the  outside  of  the  circle  was  a  de^ 
bank  which  rose  5  in  25,  in  the  cross  section,  which  was  used  to  show  ihn^ 
there  was  no  liability  of  upsetting  the  carriage  even  by  such  uneven  groun«^ 
owing  to   the   position    of   the  centre  of  gravity  l>einc^  very  low.      Tb^ 
representation  of  this  model,  on  the  preceding  page,  and  me  description  of  t^^ 
machine,  we  extract  from  the  Register  of  Arts  published  at  that  penod.     "Tt^ 
length  of  the  model  is  5^  feet,  and  its  height  22  inches.    The  steersman  a^^, 
in  front,  and  by  turning  a  circular  horizontal  plate  c  nves  the  first  pair    ^ 
wheels  a  direction  to  the  right  or  the  left,  as  may  be  reqwred.     The  boiler  &   ^ 
of  a  conical  form,  and  is  supported  by  an  iron  frame,  extending  from  the  secoiKf 
to  the  third  pair  of  wheels.  'The  fire  is  in  the  middle  of  the  cone,  and  the  water 
and  steam  outside.     The  engines  are  of  the  high  pressure  kind,  and  the  boiler 
is  of  copper,  calculated  to  sustain  ten  times  the  force  of  the  intended  working 
pressure  of  the  steam.     Two  cylinders  are  employed,  they  occupy  the  hind 
boot,  and  rest  on  the  axle  of  the  middle  wheels ;  m  the  inodel  the  cylinders 
are  three  inches  in  diameter,  and  have  a  three-inch  stroke.    The  cistern  i»  at  a, 
whence  the  water  is  pumped  by  the  engine,  and  forced  into  the  boiler;  f  it  tie 
induction  steam  pipe,  t  the  eduction  pipe,  leading  to  the  chimney,  wherein  the 
waste  steam  being  expanded  by  the  heat,  escapes  invisibly,  while  it  iocreiies 
the  draught,  and  combustion  of  the  fuel.    When  the  writer  saw  this  interestiog 
model  at  work,  he  was  informed  by  the  partner  of  Mr.  Burstall,  that  it  bad. 
during  the  preceding  eight  days,  ran  as  many  times  round  its  ctrcolar  come 
as  amounted  to  250  miles ;  and  that  during  idl  that  period  it  required  no  fresh 
packing  or  repair  whatever. 

On  the  15th  of  May,  1824,  Mr.  W.  H.  James  (a  gentleman  of  superior 
mechanical  talents)  of  Birmingham,  obtained  patents  for  **  an  improved  nietbod 
of  constructing  steam  carriages ; "  the  chief  peculiarity  in  the  arrangement  of 
which  consisted  in  adapting  separate  engines  to  the  gear  of  each  of  the  propelling 
wheels,  instead  of  actuating  them  uniformly  by  the  same  engine^  whether  the 
latter  consists  of  one  or  two  cylinders.     Mr.  James's  design  was  to  use  Terjr 
small  cylinders,  and  work  them  with  steam  of  very  high  pressure,  so  as  to  obtain 
the  utmost  compactness,  and  the  least  weight  that  might  be  practicable.  "Hia 
motive  of  employing  separate  engines  was  that  each  wheel  might  have  a  DOtioo 
independent  of  any  of  the  other  wheels,  so  that  their  powers  or  velocities  migbt 
be  varied  at  pleasure,  which  he  considered  to  be  essential  in  passing  toand 
curves,  or  turning  comers  of  the  road,  because,  when  a  carriage  moves  in  the 
arc  of  a  circle,  the  outer  wheel  moves  over  a  greater  space  of  ground  than  the 
inner  wheel,  and  would  consequently  render  it  necessary  for  the  engine  con- 
nected with  the  outer  wheel  to  work  so  much  faster  than  the  engine  connected 
with  the  inner  wheeL    Mr.  James's  mode  of  effecting  this  operation  was  by  a 
very  simple  contrivance :  he  caused  the  fore  axletree  to  be  connected  vith  a 
stop-cock  placed  in  the  main  pipe,  through  which  the  steam  passes  from  the 
boiler  to  tne  respective  engines ;   and  this  stop-cock  was  so  constructed,  that 
when  the  fore  axletree  stood  at  rig^ht  angles  to  the  perch   (t.  e.  when  tba 
carriage  was  proceeding  in  a  straight  line)  it  admitted  equal  quantities  of  iteam 
to  eacn  engine ;   but  whenever  the  axletree  stood  obliquely  to  the  perch  (as  in 
making  curves)  it  caused  the  stop-cock  to  admit  a  greater  Quantity  of  steam  to 
the  engine  connected  with  the  outer  wheel,  so  as  to  cause  that  wheel  to  levoH* 
faster,  and  a  diminished  quantitjr  to  the  engine  connected  with  the  inner  wbtd, 
so  as  to  make  it  revolve  slower,  in  exact  proportion  to  the  curve  around  whiek 
the  carriage  was  moving. 

Upon  roads  having  steep  ascents,  Mr.  James  proposed  to  employ  fonr  engintii 
or  one  to  each  wheel,  for  the  purpose  of  obtaining  a  greater  decree  of  resistsnoi 
upon  the  surface  passed  over:  but  in  roads  of  ordinary  undulataona^  two  eafftm 
were  deemed  sufiicient ;  the  wheds  do  not  require  to  be  thrown  out  of  gear,  bst 


■ring  Nnnd  eum»  mxj  be  kspt  cotuUutl^  in  ae&m,  w  m  to  iikwum  tim 
int  of  ftictian  upon  the  luriace  pretty  unifarm.  In  pauing  down  •  hill, 
w,  01  whenevN  it  nsj  be  desired,  a  wheel  maj  be  loeked  or  draped,  m 
bar  CMTiacei. 

tolliet  leaoing  object  with  Mr.  June*  wm  to  put  the  whole  of  the  machinery 
qvingi,  to  prereat  the  injuiioiii  conietfuencei  to  the  acting  pana,  by  the 
amitam  of  atl«a]r  road,  and  at  the  »atne  time  allow  of  the  tmnons  operation 


oia  end  Mr.Jamei  cauied  the  engini 
ether  upon  the  erank  *haflii  u  a 
loa  to  the  boiler  and 


ime  time  connecting  tbeie 
loa  to  the  boiler  and  exit  pauaseii  by  meani  of  hollow  azlei  moving  in 
ng-boxet,  which,  together  with  the  body  of  the  cartiaige,  it  ampended  upon 
iga,'that  an  bolted  to  the  azletreei. 

s.  1,  in  the  foUowing  cut*,  exhibiti  a  plan  of  the  machinery  of  a  carriage,  a* 
Md  to  the  bind  wbeeli.   fig.  2  ii  a  croet  tectiou,  giving  an  end  view  of  the 
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l»  Md  Ate  eranka,  ihowing  the  manner  in  which  the  former  ii  nupende^ 
Mde  of  attaebroent  to  the  body  of  the  carriage,  and  the  dtualion  of  the 

Sen  which  it  re«t*:  limilar  letter*  tif  reference  apply  to  the  correnwnding 
•Mb  of  the  figurei.  a  o  ii  the  boiler  auipendwl  to  the  frmme  h  b,  above 
A  k  connected  to  the  body  of  the  carriage  c  e,  and  formi  iti  support ;  d  d 
t  Bxhbve,  the  form  of  which  ii  beit  leen  in  Fig.  2 ;  it  baa  four  nipporti  e  «  c  e; 
nki  af  the  running  wheels  //  are  aflixed  thereto,  and,  are  connected  in 
■ieee  with  each  of  the  crank  ihafti  gg,  by  which  one  wheel  ii  made  (o 
Fra  independent!;  of  the  otliet.     Bach  of  thete  engine*  haa  two  cyUndwi 
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k  h,  which  operate  br  dielr  pitton  roda  upon  tha  crank* ;  (o  theM  Mp 
enginn  iteam  ii  applied  from  (he  bailer  a  a,  br  meani  of  the  pipe  k,  m 
entcra  at  tlie  itop-cock  Jinto  ibe  gteun-box  m;  from  thii  box  the  ■team  pt 
into  the  pip«a  nn,  which  move  ateam-tight  through  Btiiffing-boxn ;  fioilllk 
the  iteam  proceeds  through  the  pipei  o  o  o  to  the  slide  boxes  p  p  p,  the  a 
being  worked  by  eccentrici  q  g  q,  xn  the  crank  ahafU,  in  the  usual  maniMr, 
thence  to  the  cfUnder^  The  exhaustion  pipes  rr  lead  mto  the  hollow  azlaa 
before  described,  in  which  there  are  partitions  j «,  to  separata  the  ttcan  I 


the  exit  passages,  which  pan  through  the  said  holkw  axlei  to  the  hoM  I 
froD)  which  there  are  pipes  uu  leading  to  the  chimney  v,  where  it  is  thraKi 
in  a  jet,  which  has  the  effect  of  increasing  the  draught,  and  of  euitiaf  M 
busdon  of  the  flie'i.  The  rods  x  «  are  attached  to  the  fore  axle  of  tha  PMi 
wheels,  and  also  to  the  two  handles  of  the  cock  A  so  that  the  fere  axlsuli 
cock  more  limultaneoualf,  and  parallel  to  each  other;  a  a  represent  paitrff 
frame-work  extended,  for  tying  the  engine  together  by  means  of  a  bolt  ■■' 
as  to  allow  the  body  of  the  carriage  to  have  a  slight  lateral  motiaa  npi 
■prings,  independently  of  the  enginea,  by  means  of  the  hallow  ailes  U 
longitudinally  through  the  stuffing-hoxes. 

The  princMpal  arranzements  in  this  locomotive  engine  are  tiUly  dewMi 
■ceompliab  the  object  m  view ;  but  Ibe  intelligent  inventor  (owing^  we  Wf 
to  some  pecuniary  disappointments)  was  not  enabled  to  prosecute  the  ml 
taking  of  building  eamaga  until  some  time  afterwards.  In  the  intetnii  h 
ever,  he  was  engaged  in  other  scientific  pursuits  connected  with  luuwll» 
and  in  the  conitniction  of  a  bailer  capable  of  generating  steam  of  m;  ti 
pressure,  with  perfect  safety ;  he  also  occupied  himself  in.  the  appliealMB  ■ 


decidedly  the  most  effective  machine  of  the  kind  that  had  then  I _. 

It  co'nsisted  of  a  aeries  of  annular  tubea,  of  equal  capacity  and  diameter,  fk 
side  by  side,  and  bolted  lo^elher,  ao  as  to  form  by  their  union  a  long  eflmt 
boiler,  lomewhat  similar  in  external  figure  to  that  shown  in  Ftg.  1,  bat  i 
being  made  of  small  Cubes,  capable  of  resisting  full  one  hundred  timei  dnl 
sure  of  an  ordinary  cylindrical  boiler.     Tbit  excellent  ftppantua  beia|  I 
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aft  pace  202,  in  our  article  Boilbeb,  we  shall  not  here  extend  ihe 
Uf  andnaye  only  to  observe  that  it  was  with  boilers  of  that  description, 
liage .  slightly  modified  from  the  one  just  described,  that  Mr.  James, 

*  years  aner,  commenced  the  construction  of  steam  carriages.  This 
Dg,  in  its  progress,  promised  the  most  favourable  results,  the  experi- 
i  were  made  demonstrating  the  certainty  of  the  ultimate  accomplish- 
lerfect  success ;  but  a  failure  in  his  pecuniary  resources  prevented  its 
ition.  Some  friends  of  ours  assisted  at  some  experiments  made  with 
arriage,  on  the  5th  of  March,  1829,  over  a  rough-gravelled  road  in 
orest,  which  it  traversed,  with  fifteen  passengers,  at  a  speed  varying 
re  to  fif^n  miles  per  hour.  This  carriage  was  exceedingly  clumsy, 
en  repeatedly  cut  and  altered,  as  successive  changes  wete  made  in  the 
I  of  its  parts  for  experiment,  and  it  weighed,  including  the  machinery, 
ire  than  three  tons.  It  had  two  working  cvlinders,  only  3|  inches 
the  power  of  which  was  applied  to  the  hind  running-wheels.  The 
\  tupplied  by  two  tubular  boilers,  of  the  before-mentioned  kind,  each 
cybndrical  annulus  of  one-inch  tubes,  4  feet  6  inches  long,  and 
iches  internal  diameter,  wherein  the  fire  was  placed.  During  the 
iti,  one  of  the  tubes  (which  were  the  common  gas  pipes)  opened  in 
ind  consequently  all  the  water  of  that  boiler  escaped,  extinguished  its 
leduced  tne  intensity  of  the  other,  there  being  a  communication 
Jiem.  Thus  circumstanced,  with  only  one  boiler  in  operation,  the 
etnmed  home,  at  the  rate  of  seven  miles  an  hour,  with  more  than 
Mengers,  demonstrating  thereby  this  remarkable  fact, — that  a  sufficient 
iteam  can  be  generated  in  so  small  a  boiler,  as  to  be  adequate  to  the 
I  of  about  4|  tons  weight  on  the  common  road. 

tfterwards,  the  proprietors  commenced  building  another  carriage ; 
(zperienced  considerable  difficulty  and  delay  in  getting  the  tubes  of  a 
luuity  of  metal,  and  tlie  joints  properly  constructed ;  so  that  it  was  not 
month  of  November,  1829,  ttiat  they  brought  it  out  for  trial.  An 
af  this  machine  is  represented  in  the  following  page.  As  denoted  by 
f  feet,  it  was  of  small  size,  being  designed  to  operate  as  a  drag  to  another 
thind.  The  boilers  were  four  in  number,  and  instead  of  the  tubular 
r  circular,  they  were  made  elliptical,  with  compressed  sides,  so  as  to 
Tthem  side  by  side  across  the  carriage.  This  was  done  to  obtain  as  large 
r  metal  aa  possible  exposed  to  the  heat  of  the  furnace,  as,  by  this  arrange- 
rly  200  tubes,  measuring  upwards  of  400  feet,  were  enclosed  in  a  space 
ride,  three  feet  Ions,  and  two  feet  deep,  including  the  furnaces,  (which 
e  the  boilers)  besides  the  flues  and  ash-holes.  The  steam  from  each 
ken  was  conducted  into  one  very  strong  tube  above,  of  an  inch  and  a 
imeter,  to  supply  the  engines ;  each  of  the  pipes  of  communication 

*  provided  with  stop-cocks,  to  cut  off  the  communication  of  any  boiler 
;  become  unserviceable  by  leakage,  without  affecting  the  pressure  on 
loilers.  The  power  was  applied  through  the  medium  of  four  working 
which  might  be  considered  as  separate  engines,  being  fitted  so  as  to 
pendeQtly  of  each  other,  although  they  might  more  properly  be  con- 
paira,  each  pair  acting  upon  a  distinct  crank,  (the  throws  of  which 
^t  angles  to  each  other,)  that  gave  motion  to  its  respective  hind 
the  principle  described  at  page  454.  These  cylinders  were  only  a 
three  inches  and  a  half  outside,  and  two  inches  and  a  quarter  inside, 
the  pistons  were  metallic,  and  made  a  nine-inch  stroke.  The  cylin- 
poaited  vertically,  and  vibrated  upon  trunnions,  through  which  were 
induction  and  eduction  passages,  covered  by  conical  valves,  forming 
il  ahell  to  the  trunnions,  close  to  their  bearings  in  tlie  plummer 

Bgines  were  arranged  at  a,  in  a  row  across  the  carriage.  The  steam, 
ing  the  engines,  passed  through  two  copper  tanks,  which  heated  the 
"ein  to  such  a  temperature  above  boiling  as  to  melt  the  soft  solder 
upon  the  vessels,  and  rendered  it  necessary  to  substitute  hard  -solder ; 
waa  carried  then  to  the  chimney-funnel  to  escape.     At  c  is  a  door, 
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cli  space  across  the  carriage,  and  also  that  at  d^  were  for  the  use  of  the 
1  who  attended  to  the  furnaces  and  hoilers,  besides  being  used  as  a  receptacle 
fViel :  at  the  sides,  roof,  and  bottom  of  this  room  were  plate- iron  shutters,  to 
>rd  constant  draughts  of  air,  that  the  heat  might  not  be  insupportable.     The 
^neer  sat  on  the  hind  seat  p,  and  at  ^,  over  t  he  engines,  was  a  sheet-iron 
>,  like  the  lid  of  a  box,  and  at/  sliding-doors,  enabling  the  engineer  to  keep 
•  eye  upon  the  working  parts,  and,  by  his  spanner,  and  other  tools,  to  rectify, 
required,  any  slight  defect  that  might  take  place ;  his  situation  likewise  per- 
lltinghim  to  give  directions  to  the  furnace-man,  and  to  hold  communication 
ith  the  guide,  who  sits  on  the  box  g.  At  h  is  the  steering  apparatus,  consisting 
fan  external  case,  containing  a  vertical  shaft,  at  whose  upper  end  is  fixed  a 
eveled  pinion,  which  is  acted  upon  by  a  small  beveled  wheel,  fixed  into  the 
ixis  of  the  double-handled  winch  i  i.     By  turning  these  handles,  therefore,  the 
ihift  is  caused  to  revolve,  and  to  give  motion  to  a  gear  at  the  lower  extremity, 
ihid)  acts  upon  a  toothed  sector  7,  attached  to  the  fore  axle-tree,  and  thereby 
tens  the  fore  wheels  into  the  required  positions.    The  lower  gear,  which  is 
mitained  in  a  box  A:,  is  adapted  to  increase  the  force  with  a  reduced  motion,  so 
tluu  the  guide,  who  is  able  to  turn  the  handles  1 1  quickly,  operates  with  great 
neigy  upon  the  toothed  sector,  and  to  overcome  with  facility  the  most  promi- 
■Knt  of  ordinary  obstacles  in  the  road.  This  guiding  action  being  administered 
by  t  mulUplying  power,  through  the  complex  medium  of  toothed  wheels,  was 
Toond  to  be  far  more  effectual  and  convenient  than  when  a  long  lever  of  a  more 
^fbrm  was  used ;  besides,  that  the  latter  was  somewhat  dangerous  to  the 
,  who  was  rendered  liable  to  receive  severe  blows  by  the  motion  of  the 
jkandle,  when  the  wheels  happened  to  be  tunied  aside  by  the  opposition 
of  itODes  laying  in  the  road.     A  t  m  is  a  lamp,  not  only  useful  for  lightinp^  the 
^  before  the  carriage,  but  serving  also  (as  the  prow  of  a  vessel  to  a  manner) 
^  ileer  by.     The  chimney-funnel  was  made  double,  the  space  between  the 
Btonal  case  n  and  the  internal  smoke  flue  o  being  for  a  current  of  air  to  pre- 
sent the  otherwise  unpleasant  radiation  of  heat  laterally.     The  fuel  preferred 
m  •  mixture  of  coke  and  wood  charcoal,  which  produced  a  great  heat,  and 
S*vt  hat  little  black  smoke.     The  motion  was  communicated  to  the  separate 
ulei  of  the  hind  wheels  by  spur  gear  of  two  velocities,  changeable  at  pleasure, 
M  the  state  of  the  road,  or  other  circumstances,  might  require  ;  this  gear  was 
iiidoied  in  boxes,  shown  at  h,  and  the  whole  machine  was  placed  upon  springs, 
Sttqit  the  guiding  apparatus,  which  was  purposely  arranged  otherwise,  as 
iwited  in  the  engraving.     This  carriage  was  only  taken  out  of  the  yard 
^vlwre  it  was  built)  three  times :  on  one  of  these  occasions  the  writer  accom- 
ttied  it  three  miles,  which  it  performed  in  twelve  minutes ;  after  which  a  joint 
if  the  induction  pipe  failed,  through  which  the  steam  escaped  into  the  air 
iHteid  of  entering  the  cylinders ;  this  accident,  of  course,  soon  brought  the 
iBliige  Co  a  stop.    Every  person  who  witnessed  this  experiment  was  perfectly 
VBTmced  of  the  feasibility  of  the  scheme,  and  that  nothing  was  wanting  but  a 
Ui  more  experience  in  discovering  and  remedying  the  weak  points,  which 
nedee  alone  could  effect.  The  patentee  was  not,  however,  afforded  the  oppor- 
itttf  of  obviating  the  defects  he  had  discovered  in  some  parts  of  his  arrange- 
itt^  from  the  want  of  that  support  which  other  men  of  less  talent,  but  more 
MttdOff  conduct,  easily  obtained  in  abundance.  One  of  these  defects  consisted 
I  aov£ng  the  engines  and  machinery  into  too  small  a  space,  which,  while  it 
iijgiid  accurate  fitting  and  repairs  difficult,  occasioned  some  parts  to  be 
Vttht  into  Tiolent  collision  by  the  vibrations  of  the  carriage  over  a  stony  road. 
■ouMr  great  defect  (which  was  about  to  be  altered)  consisted  in  the  iron  ring 
tire  of  the  wheels  being  only  one  inch  and  a  half  wide  ;  in  consequence  of 
tteh^die  wheels  sank  into  the  ground  at  least  twice  the  depth  of  others,  having 
ef  of  double  the  width  :  an  acclivity  was  thus  constantly  formed  before  the 
leeJb,  which  they  had  either  to  ascend,  or  to  crush  down,  causing,  in  either 
e,  a  considerable  waste  of  power.     Much  ground,  it  may  be  observed,  that 
resist  compression  entirely  from  a  broad  wheel,  and  allow  the  carriage  to 
orer  ft  easily,  will  give  way  under  a  narrow  wheel,  and  so  raise  up  a  cou' 
t  oppostion  to  its  own  progress.     The  chief  disadvantages  of  broad  tired 
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wheels  consist  in  their  superior  weight,  and  their  ^eater  liabilify  to  encount 
loose  stones  lying  on  the  road.  The  narrower  a  wheel  is  die  better,  ptoFi^ 
it  does  not  leave  an  impression  on  the  road ;  but  as  wheels  should  be  made 
suit  all  the  various  conditions  of  the  road  on  which  the  carriage  has  to  tra^- 
a  medium  between  the  extremes  should  be  chosen,  which  is  probably  ab^ 
three  inches'  width  of  tire  to  every  half  ton  that  a  wheel  has  to  bear.  It  in.: 
be  further  noticed,  that  in  every  experiment  made  with  this  carriage,  those  par 
which  exhibited  a  defective  action  could  always  be  traced  to  an  evident  cause 
and  although  the  remedy  was  also  rendered  obvious,  it  could  not  always  b 
carried  into,  effect  without  considerable  delay  and  expense,  which,  to  thi 
capitalist  who  is  ignorant  of  mechanical  combination,  was  nataraDy  dim 
cotiraging.  It  will,  however,  be  generally  found,  that  those  individuals  wlic 
have  had  the  most  experience  in  undertakings  of  this  kind,  hare  never  dis- 
covered, in  the  obstacles  that  have  hitherto  presented  themselres,  any  thing  oi 
an  insuperable  nature,  as  to  its  ultimate  success. 

The  next  attempt  to  constnict  locomotive  carriages  for  the  common  road,  wai 
by  the  late  Mr.  David  Gordon,  whose  patent  was  dated  the  18th  of  December 
1824.  The  means  proposed  by  this  gentleman  for  propelling,  was  a  modificatioi: 
of  the  method  invented  by  Brunton,  and  described  at  pcge  399.     But  initeax: 
of  the  propellers  being  operated  upon  by  the  alternating  motion  of  the  piitoia.- 
rod,  Mr.  Gordon  contrived  to  give  them  a  continuous  rotatory  action,  and  t,c 
apply  the  force  of  the  engines  in  a  more  direct  manner.    The  following  cut 
affords  an  external  view 'of  one  of  Mr.  Gordon's  designs,  in  which  the  patented 
mechanism  is  introduced.    The  carriage  ran  upon  three  wheels ;  one  in  froot  to 
steer  by,  and  two  behind  to  bear  the  chief  weight     Each  of  the  wheeli  had  a 
separate  axle,  the  ends  of  which  had  their  bearings  upon  parallel  ban,  tbe 
wheels  rolling  in  a  perpendicular  position.     This  arrangement,  by  avoiding  the 
usual  cross  axle,  affords  an  increased  uninterrupted  space  in  the  body  of  the 
vehicle ;  and  was  the  subject  of  an  antecedent  patent  granted  to  Mr.  Gordoo. 

In  the  fore  part  of  the  carriage  were  placed  the  steam  engines,  consisting  of 
two  brass  cylinders,  in  a  horizontal  position,  but  vibrating  upon  trunnions :  the 
piston-rods  of  these  engines  gave  motion  to  an  eight-throw  crank,  two  in  the 
middle  for  the  cylinders,  and  three  on  each  side,  to  which  were  attached  tbe 
propellers ;  by  the  revolution  of  the  crank,  these  propellers  or  legs  were  soccei' 
sively  forced  outwards,  with  the  feet  of  each  against  the  ground  in  a  backward 
direction,  and  were  immediately  afterwards  lifted  from  the  ground  by  the 
revolution  of  another  crank,  parallel  to  the  former,  and  situated  at  a  proper'^ 
tance  from  it  on  the  same  frame.     The  propelling-rods  were  formed  of  ii* 
gas  tubes,  filled  with  wood,  to  combine  lightness  with  strength.     To  the  lofCf 
ends  of  tliesc  propelling-rods  were  attached  the  feet,  of  the  rorm  of  segments  o 
circles,  and  made  on  their  under  side  like  a  short  and  very  stiff  brush  of  whak 
bone,  supported  by  intermixed  iron  teeth,  to  take  effect  m  case  the  wbalehoi 
failed.     Ihesc  feet  pressed  against  the  ground  in  regular  succession,  by  a  hi 
of  rolling,  circular  motion,  without  digging  it  up ;  and  it  must  be  acknowM 
thnt  Mr.  Gordon,  in  these  contrivances,  succeeded  in  avoiding  the  iojnr 
effect  upon  the  road  that  would  otherwise  have  been  caused  by  this  w 
])r()pelling.     The  guide  had  the  power  of  lifting  these  legs  off  the  gronr 
pleasure,  so  that,  in  going  down  hill,  when  the  gravity  was  sufi&cient  tor  pf 
sion,   nothing  but  a  brake  was  put  into  requisition  to  retard  the  mot' 
necessary.     If  the  carriage  was  proceeding  upon  a  level,  the  lifting  of  tb 
pellei-s  was  equivalent  to  the  subtraction  of  the  power,  and  soon  brought 
stoppage ;  and  in  making  turns  in  a  road,  the  guide  has  only  to  lift  t 
pellers  on  one  side  of  the  carriage,  and  allow  the  others  to  operate  akr 
the  cure  is  traversed. 

The  following  engraving  represents  a  side  elevation  of  the  machim 
end  of  the  boiler ;  6  the  flue ;  c  an  apartment  for  the  en^eer  to  a' 
fire  and  regulate  the  machinery,  which  apartment  contains  a  store 
coke,  &c. ;  3  external  connecting-rod  (one  on  each  side  of  the  carr 
actuates  the  driving  cranks  of  the  propellers  to  the  small  lifling  cranka 
carriage ;  g  being  the  axis  of  the  driving  cranks,  and  /  the  axis  of 


ttkki;  gAm  ^parfiiient  for  the  iiuide  puaengen,  i^chhu  glued  windowi 
■rrat;  A  the  leabi  fur  the  outside  posien^ra ;  ■  the  conductor,  who  ^ides 
B  caniage  by  means  of  four  crou  leven,  tumiug  a  imall  toothed  innion,  that 


rke  a  toothed  tector,  fixed  oit  a  circular  frame;  ^ippropellen,  of  which  the 
lb  six  are  brought  into  view ;  1 1  strap*  hj  which  the  propellen  are  lifled 
a  the  ground.  In  the  experiments  that  were  made  with  this  carriage  on 
common  road,  the  feasibility  of  this  mode  of  propuUion  was  proTed,  but 
■t«am  power  provided  was  found  to  be  inadequate  to  produce  the  required 
eity  of  motion  ;  and  the  patentee,  we  believe,  becoming  aAerward*  coo' 
ed  that  the  application  of  the  power  to  the  runnin?  wheels  (as  insisted  on 
Vedthtck  in  1802)  was  ful)^  effective,  and  therefore  preferabla  In  many 
ta  of  *iew,  the  project  was  given  up. 
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The  next  invention  in  the  order  of  time  that  presents  itself  to'  oar  nolice, 
one  possessing  considerable  originality ;  and  though  it  has  not  been  cute^  . 
into  eSect,  it  contains  some  ingEiiious  and  Hmusing  suggestions,  that  b^^^ 
'  formed  the  groundwork  of  subsequent  inventions.  It  is  the  subject  of~~ 
patent  granted  to  William  Francis  Snowden,  of  Oxford-street,  London,  ^ 
the  18th  of  December  1824,  for  a  "  new  invented  nheel-nay  and  its  carria^^- 
for  the  conveyance  of  passengers,  merchandise,  and  other  thing*,  along  ro&>^^ 
rails,  and  other  ways,  either  on  a  level  or  inclined  plane." 

The  specificBtlon  describes  the  invention  under  two  distinct  heads ;  the  first  .^   ^ 
respects  the  wheel  way,  explains  it  sa  consisting  of  a  hollow  trunk  with  b  p1atfQ>k~y 
of  iron  on  the  top  for  waggons  or  other  carriages  to  ro)I  upon  ;  inside  the  tninlc  i 
placed  a  machine,  called  by  the  patentee  a  mechanical  horse,  to  which  is  c:cio. 
nected  a  loothed  wheel,  that  b  made  to  revoke  in  a  horizontal  plane,  and   to 
take  into  the  teeth  of  a  horizontal  straight  rack  fixed  on  one  side  of  the  hollow 
trunk.     The  vertical  axis  of  the  horizontal  toothed  wheel  passes  through  a  lon- 
gitudinal opening  in  the  wheel-way;  above  which  it  is  connected  to  a  locoias. 
tive  Bteam-engine,  and  is  actuated  thereby  ;   through  the  medium  of  bevil  ^eer 
the  motion  thus  communicated  to  the  latter  by  the  engines,  is  applied  by  tlie 
vertical  airis  to  the  horizontal  wheel  of  the  mechanical  corse,  inside  the  hollor 
trunk ;  and  as  the  horizontal  wheel  is  geered  into  the  toothed  rack,  wbicli  h 
Jljced  on  one  side  of  the  trunk,  the  mechanical  horse  of  necessity  moves  fonrini 
with  the  sarne  velocity  as  the  horizontal  wheel  is  made  to  revolve  by  the  pofr 
of  the  engine.     Those  to  whom  our  literal  description  may  not  M  dear,  vill 
understand  it  by  the  annexed  figure,  nhich  affords  a  longitudinal  section  of  tb 


mechanical  horse,  and  the  hollow  trunk  or  wheel-way.    o  is  a  vibrating  cfln- 
der,  and  b  the  boiler  of  a  locomotive  engine,  bv  which  the  bevil  geer  cd  '« 

actuated,  and  through  the  medium  of  the  vertical  axis  t,  the  horizontal  loo^ 
eel/ which  takes  into  a  toothed  racky;  the  mechanical  horss  A  ii  mule  » 


andti 


take  with  it  the  engine  and  the  train  of  wiggo* 
t  may  be  in  coiinenicin.  uiw  it  the  wheel-way,  and  / 1  the  hollov  tBmt 
As  the  top  of  the  wheel-way  is  supposed  to  be  fldt,  and  the  carriages  witbsrt 
lateral  flanges  to  their  tires,  it  is  proposed  to  guide  the  carriages  by  iDcws  ' 
tongues  like  that  at  i,  which  enters  the  longitudinal  aperture,  and  whid  uf 
be  provided  with  an  antifriction  roller  to  prevent  lateral  rubbing.    ThainRnMr 

Eroposes  to  adopt  a  similar  arrangement  to  the  foregoing  for  the  tosing  <f 
arges,  by  erecting  his  palenl  wlieel-ways  by  (lie  sides  or  banks  of  canillia' 

The  secunil  head  of  invention  under  the  patent  is  of  a  more  singular  (banc- 
ter,  and  however  preposterous  it  may  at  first  appear  lo  those  who  have  not  rta- 
sidered  the  subject,  it  is  in  reality  by  no  means  absurd  in  principle,  n«  in  ll>* 
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m^  of  the  pnipMili<m ;  but  we  will  fiirt  de«crib«  it,  and  ■ftemrdi  nuka 


MlMd  of  placing  bonet  ouUide  of  a  earriagd  to  giTe  it  motion,  tlie  patentee 
Aem  nwttfa  for  that  purpose ;  and  hit  reawn  for  doing  thii,  that  of  Jiv- 

ring  .the  fbrce  or  telocit;,  wiU  to  many  aiipear  to  be  quite  ai  paradoxicaL 
above  fff'  1  a&rda  a  perapectiTe  view  of  •  maduiie  of  the  kind,  nd 
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Fig,  2  a  section  of  the  wheel- way  and  mechanism  by  which  the  procets  of]ffo- 
pidsion  is  effected.  This  second  part  of  the  patent  is  thus  described  in  tbe 
Register  of  Arti : — "  h  h  represents  a  vertical  section  of  the  road  in  which  an 
excavation  is  made,  and  the  ground  well  rammed,  so  as  to  lay  down,  at  uniform 
distances,  a  series  of  caiit-iron  frames  or  sleepers  c  c.  In  the  several  partitions 
of  the  sleepers  are  placed,  lengthways,  four  lines  of  timber.  The  two  prin- 
cipal rails,  dd,  are  of  oak,  and  stand  about  three  inches  above  the  level  of  the 
other  parts.  The  other  two  lines  of  timber,  e  e^  are  three-inch  planks,  set  on 
edge,  and  bolted  to  the  framing.  Resting  upon  these  deal  planks  and  the  iron 
partitions,  and  flush  with  the  oak  timber,  are  laid,  crossways  of  the  road,  short 

t)icce8  of  three-inch  oak  plank,  leaving  an  open  crevice  about  one  inch  and  a 
)alf  wide  between  them.     These  short  planks  are  laid  edge  to  edge,  unifonnly 
along  the  whole  line,  so  as  to  form  a  level  floor,  over  which  is  screwed  down  a 
complete  covering  of  wrought-iron  plates,  a  a.     On  this  hard  and  level  surface^ 
the  wheeb  of  the  carriage  are  intended  to  roll.     Inside  the  hollow  trunk  in 
the  mechanical  horse,  which  is  actuated  by  motive  force  applied  above,  throng 
the  mediiun  of  similar  gear  to  the  before-described.     Only  two-toothed  wheds 
are  shown  in  the  tmnk ;  there  is,  however,  another,  which  cannot  be  seen  in 
this  \'iew,  which,  when  put  into  gear  with  the  opposite  rack,  reverses  the  Tota- 
tory  motion,  and  causes  the  carnage  to  proceea  in  the  same  direction.   Tb« 
lowest  wheel  of  the    three  shown  is  made  light,  as  it  only  operates  as  aim. 
antifriction  roller,  and  for  that  reason  occupies  the  whole  space  betwera  th^^ 
two  three -inch  deals.     The  perspective  sketch  in  Fig,  1,  though  rather  diipo*^ 
portioned  in  some  of  its  parts,  exhibits  a  carriage  of  the  kind  described  xM^ 
the  specification.     It  consists  of  two  stories, — ^the  upper  one  for  passenMua^ 
containing  both  inside  and  outside  berths ;  and  the  lower  one  for  meroDaim" 
disc,   which  is  deposited  on   a  circular  floor,  around  which  two  horses  ar^ 
made  to  work,  as  in  a  mill,  being  yoked  to  the  two  opposite  extremities  of  ^ 
horizontal  lever,  that  turns  a  vertical  axis,  to  which  is  connected  multiplying^ 
gear  that  causes  the  mechanical   horse  in  the  hollow  trough,  and  the  car*-^ 
riage  above,  to  move  at  any  predetermined  velocity  of  motion ;  the  hone^* 
however,  continuing  to  move  at  that  slow  pace  (of  about  2|  miles  per  bour)^ 
by  which  they  can  most  efficiently  exert  their  force.     The  diagram  maikerf 
Fig.  2  is  explanatory  of  these  motions :    g  g  are  two  yokes,  to  which  tb^ 
horses,  being  attached,  give  motion  to  the  horizontal  lever  and  the  verticsl 
shaft  A,  on  which  is  also  nxed,  close  under  the  floor  of  the  carriage,  a  lam  boci' 
zontal  spur-wheel  i ;  the  revolution  of  this  wheel  actuates  a  pinion y,  whicb  pinioti 
being  on  the  same  spindle  as  the  toothed  wheel  on  the  mechanical  horse,  vbids 
takes  into  the  rack,  causes  the  carriage  to  advance  at  about  four  times  tbtf 
velocity  of  the  horses,  or  at  ten  miles  an  hour.     Mr.  Snowden  calculatei  tb* 
power  of  an  average  horse,  in  drawing  a  load,  at  the  rate  of  2\  miles  per  hoir» 
for  foiur  hoiu-s  a  day,  as  equal  to  the  constant  force  of  a  weight  of  250  ponodB. 
when  drawing  in  a  straight  line  :  if  the  speed  of  the  horse  be  doubled  or  var 
creased  to  5  miles  per  hour,  his  power  of  traction  will  be  reduced  to  only  5^ 
pounds;  and  if  the  speed  be  agam doubled,  or  made  10  miles  per  hour,  tb* 
horse  can  do  no  work  whatever,  except  through  only  a  very  short  space  of  tfaatf- 
The  slow  motion,  therefore,  is  by  far  the  most  favourable  mode  of  applying  tb* 
power  of  a  horse ;  and  although  the  contracted  circuit  of  a  mfll-walk  is  fflr* 
favourable  to  the  full  exertion  of  his  powers,  Mr.  Snowden  estimates  that  a  6io^ 
of  about  200  pounds  may  thus  be  obtained.     Of  this  available  foiee  be  JK^^ 
poses  to  sacrifice  three  fourths,  by  means  of  multiplying  gear,  into  vdooly  5 
and  thus  enable  each  horse  to  give  out,  in  eflect,  a  force  of  50  pounds  it  I^ 
miles  per  hour;  whereas,  if  the  horses  were  to  move  themselves  at  that  vdoei^r 
they   would  be  totally  ineffective.     If,  therefore,  we  consider  two  bofies  •• 
bestow  a  force  of  100  pounds,  and  that  the  resistance  on  the  patentee's  wheel- 
^ay  18  no   more  than  that  of  tlie  Manchester  and  Liverpool  railway,  nsmelf* 
l\J^^'  ^^  ^'*^^®  ^^  ^  ^"^^  =  24000  lbs.  propeUed  by  two  horses,  at  flie  »•• 
Of  10  miles  an  hour.     But  the  friction  of  such  machinery  must  be  coDsidrtablf    j 
oTi  Vf  "  i  *"  ^^^'  *"^  *'^®  above-estimated  force  of  a  horse  moving  m  a  ditfc    J 
o«  Jt>  teet  diameter,  is  probably  much  too  high.    Let  us  therefore  support  tbe    1 
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fbl  effect  to  be  only  half,  reducing  it  to  12000  lbs.  The  popular  objection  to 
I  plan,  18  the  apparent  absurdity  of  the  horse  having  to  cany  his  own  weight ; 
ttiis  objection  equally  applies  to  the  steam  engine,  or  any  other  locomotive 
rer :  the  whole  question,  however,  resolves  itself  into  one  of  convenience 
I  economy,  as  applied  to  particular  cases  and  circumstances,  which  we  can- 
here  discuss ;  and  as  we  shall  have  occasion,  in  our  account  of  Brandreth's 
:lopede,  to  notice  the  subject  again,  we  shall  here  conclude  with  the  remark, 
t  we  believe  it  is  worthy  of  the  consideration  of  the  machinist  to  devise  the 
Bt  perfect  locomotive  machinery,  for  converting  the  force  of  a  horse  at  a  slow 
lion,  into  a  higher  velocity  with  a  diminished  force. 

Co  enable  locomotive  carriages  to  ascend  steeper  inclined  planes  than  had 
"etofore  been  considered  practicable,  and  likewise  to  enable  the  carriages  and 
ins  to  wind  round  curves  in  the  road,  without  the  severe  friction  and  strain- 
l  to  which  they  had  been  previously  subjected,  was  the  object  of  a  patent 
inted  on  the  5th  of  March,  1825,  to  Mr.  W.  Henry  James,  of  Birmingham, 
lOie  common  road  locomotive  is  described  in  the  preceding  pages.  This  in- 
ntion  has  not,  we  believe,  been  carried  into  effect  on  the  great  scale ;  but  we 
▼e  been  credibly  informed,  that  the  most  satisfactorv  proofs  have  been  afforded 
the  ability  to  effect  this,  by  repeated  trials  on  a  railroad  more  than  a  hundred 
^t  m  length,  laid  down  for  the  purpose  of  experiment,  on  which  it  was  found 
mi  a  train  of  carriages  would  (with  the  patentee's  machinery,)  ascend  inclined 
anes  three  inches  in  the  yard,  which  is  equal  to  440  feet  in  the  mile.  This 
Lpottant  advantage  is  gained  by  applying  the  power  to  the  axletreea  of  the 
Mtb  of  the  several  carriages  in  the  train,  by  means  of  the  rotation  of  a  long 
viiODtal  rod  (or  series  of  connected  rods),  actuated  by  bevel  gear  under  each 
rriage. 

Aa  ingenious  plan  has  also  been  proposed  by  Mr.  James  for  enabling  the 
miiges  on  a  railway  to  pass  around  turns  or  curves  in  the  road,  without  addi- 
onal  friction.  For  this  purpose,  the  horizontal  rotatory  shafts,  which  cause 
>ch  pair  of  wheels  in  the  train  to  revolve,  and  propel  the  carriages  forward,  are 
Mmected  together  by  a  novel  kind  of  universal  joint,  which  communicates  the 
<>tatory  motion  to  each  successive  carriage,  even  if  so  placed  on  the  curves  of 
w  roads,  that  the  sides  of  one  carriage  shall  present  to  the  side  of  the  next  an 
IB^  of  thirty  degrees.  To  cause  the  carriage  wheels  to  nm  round  the  curves 
'  the  railway,  without  the  usual  destructive  rubbing  of  their  surfaces,  the  rails 
^  tkoie  parts  are  made  with  several  ribs  or  elevations,  and  the  wheels  of  the 
svrbget  are  consequently  formed  to  correspond  with  those  ribs,  by  their  peri- 
P*i(rief  being  grooved  in  like  manner ;  so  that  a  wheel,  in  effect,  possesses  as 
Biny  diameters  as  there  are  variations  in  the  surface  of  its  periphery,  by  which 
D'oni  it  may  be  made  to  travel  faster  or  slower,  as  may  be  desired. 

^e  following  engravings  will  render  these  plans  intelligible  to  the  reader. 
I  tt  the  boiler  of  a  steam-engine ;  b  the  engine  with  two  cylinders,  the  alter- 
^^Big  motion  of  the  piston  in  which  gives  rotation  to  the  crank  c  above ;  the 
^*'t  attached  to  the  same,  being  also  fixed  to  the  crank  of  the  horizontal  shaft 
'//(vhich  passes  under  the  carriages),  causes  that  to  revolve  with  a  similar  speed 
^  the  orank  of  the  engine.  Two  square  boxes,  g  g^  are  fixed  under  each  car- 
IJ^t  through  these  the  axletrees  of  each  pair  of  wheels  pass ;  the  rotatory 
*||»  /  passes  also  through  the  boxes  above  the  axletrees,  and  at  right  angles 
1^  Uiem ;  each  of  the  boxes  gg  contain  a  double-beveled  horizontal  wheel, 
"^^  presents  a  circle  of  cogs  in  its  upper  as  well  as  its  lower  side,  and  turns 
f^jD  cross  bearings  :  now  the  shaft ,/  carrying  upon  it  a  vertical  beveled 
NoQ  in  each  box,  takes  into  the  upper  circle  of  teetti  of  the  horizontal  wheel, 
'^  the  under  circle  of  the  teeth  of  the  same  actuate  a  beveled  pinion  on 
"^tilstree  underneath,  consequently  compelling  the  wheels  to  revolve ;  and  the 
^er  being  thus  applied  to  every  pair  of  wheels  simultaneously,  sufficient 
!*yince  is  obtained,  on  a  smooth  surface,  to  ascend  inclined  planes  of  con- 
'wble  elevation,  uuuu  are  the  universal  joints,  which  communicate  rota- 
^notion  when  the  carriages  are  not  in  a  straight  line;  these,  and  other 
t^^ing  parts  are  distinctly  shown  in  Fig.  2,  which  is  upon  a  larger  scale,  //is 
^  rotatory  shaft;  gg  the  two  boxes,  wiih  the  front  plates  moved,  to  show  the 
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gear  intide;  A  A  Ihe  beveled  pinions  upon  the  tbaft  in  each  box;  jidiehiit- 
loDtal  double-beveted  irheela.  The  front  box  o,  under  the  eaniige,  ii  Itud 
fmniovably  to  a  totid  block  of  wood,  k ;  the  othor  box  it  fitted  V>  a  plat*  I,  Imung 


on  a  central  point,  vbich  panes  through  another  plate  n,  aborcifhe  latter  bcv^E 
•ecured  lo  the  floor  of  the  carriage  byhmge-joinl*,  n  n.  The  conttruetiaa  rfll"^ 
univertal  jointi  u  u  ii  alio  more  clearly  ihoirn  in  thi>  fi^m. 

We  have  now  lo  deacribe  the  contrivances  by  which  (lie  patentee  propiaw*^^ 
obviate  the  degtructive  efl^cti  of  the  nibbhe  or  sliding  of  the  ianer  wwJt  ^* 
carriages  in  making  currea  or  turns  in  a  round.     If  the  wheel*  on  one  iMarf^* 
carriage  be  IngeT,  or  of  erealer  diaTneto-  than  those  on  the  oimonte  ade,  ai^"* 
carriage,  when  prtnultet^  will  naceasarily  loake  a  curve.     On  thi*  nwd)*^ 
the  patentee's  contrivances  are  founded.     In  running  along  a  ctraigfat  onSk  >** 
peripheriea  of  the  wheeb  are  of  equal  elevation ;  but  when  the  carriage  ^  *? 
make  a  turn,  the  wheels  on  one  aide  roll  on  a  greater  diameter,  or  mon  avoiff 
periphery,  while  the  wheels  on  the  opposite  side  run  on  a  Icn  extended  ;*>*' 
pfaeiy,  and  the  elevations  upon  the  r^»  on  which  they  run  are  ao  •djnattd  <*      . 
these  variations,  that  the  dmerent  peripheries  of  the  wheels  change  tni  cM*      i 
in  contact  with  the  variable  parte  a  the  rail,  and  nm  round  the  cottm  wiAm'     J 
any  increase  of  friction.  I 

A   suspension  railway,  which  in   some   respect*  resemble*   Mr.  Pahno^    I 
described  at  page  426,  and,  in  other  respects,  Mr.  Snowden's,  deecribed  st  ftp    1 
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463,  WM  patented  by  Mr.  J.  O.  Fiiher,  on  the  2il  of  Apiii,  1825.  Thia  gen- 
tlcmui,  it  will  be  obierved,  lunpendi  his  carrLBgei  to  a  aouble  line  of  rsil ;  in 
this  rcapect,  however,  he  wai  anticipated  i[i  idea  by  Mr.  Palmer,  who,  in  hii 
Lttle  intereiting  boolc,  entitled,  Dacriplion  of  a  RaUaay  upon  a  Nea  PrincipU, 
□burres, — "  to  elevate  two  lioei  of  rail  for  tlie  purpose  of  aupporting  a  carriage, 
could  not  be  done  at  a  lutficiently  moderate  expense  ;  I  therefore  endeavoured 
to  arrange  the  form  of  a  carriage  in  nicb  a  manner  that  it  would  travel  upon  a 
UDgle  line  of  r»il  without  the  potaibiliif  of  overturning."  Neverthelet*,  if  an 
inTCDloi'  can  incceed  in  carrying  into  beneficial  operation,  that  which  wm 
llwuKht  of  bj  another  at  ineligible  to  attempt,  he  ia  entitled  to  reepectAil 
eoaaideratioa. 

dr.  Fiiher'i  plan  ia,  however,  not  without  originality,  and,  with  some  modi- 
fcnticma.  maj  b«  rendered  uBcfui  in  many  gituationi.  The  chief  object  i*  stated 
to  b*  lb*  throwing  of  a  railroad  ocrou  rivers,  swamps,  &c. ;  and  the  means  pro- 
■otad  of  effecting  it  wiU  be  fadil^  perceived  upon  wnKcting  the  following 
tt^rann,  ud  renning  to  tliir  lubjouied  explanatioD  of  tbem. 


fij.\ia%  ode  view  of  the  proposed  roil,  attached  by  vertical  rods  to  a  chain 
ot  Ml*,  wUch  form  a  catenarian  curve ;  Fig.  2  is  a  limiler  view,  hut  giving 
°<il;  s  portion  of  Fig.  1  on  a  larger  scale  ;  Fig.  3  is  an  end  or  lectionaTview 
■^  %.  2 ;  Rg.  4  is  also  a  sectional  view,  but  of  another  form  of  rail,  which  we 
duD  describe  lastly.  The  letters  of  reference  denote  similar  juris  in  each  of 
w  figures,  s  is  the  rail,  made  of  stout  cast-iron  plates,  of  uniform  dime n- 
"oaii  bolted  together,  having  a  horizontal  projection,  or  plate,  b  b,  on  each  tide, 
'°t  ihe  wheels  of  the  carriage*,  (^1^  to  ruu  upon  (seen  best  in /!^.  3);  //shows 
l|«  frsme  of  the  carriage  ;  the  manner  of  constructing  tlie  wheels  on  either 
"^  of  the  rail,  in  pairs,  is  exhibited  in  Fig.  3,  and  the  mode  of  joining  the 
"<^t«ith  the  hind  pair  of  wheels,  in  Fig.  2.  Iron  rines,  gg,  pass  through  the 
P^tris  of  the  lower  parts  of  the  carriage-frame,  to  which  are  suspended  the 
™m  or  receptacles  for  holding  the  goods  or  passengers,  one  of  which  is  shown 
■ttKbed  at  k.  Fig.  1.  The  loops  or  holes  in  the  upper  part  of  (he  rail  □,  Fig.  2, 
Ki,  «f  courae,  for  the  convenience  of  bolline  it  to  the  suspension  bars,  as  seen 
Mntded  in  Fig.  1.  Each  of  the  bars  is  to  be  provided  with  a  wedge  or  screw 
l_  ■^Utment,  so  as  lo  regulate  the  uuiformihr  of  tbe  plane  when  any  part  sinks, 
''■  "'(ire  m  idea  of  the  other  form  of  rail,  the  section  Fig.  4  is  sufficient.  Here 
il  Bill  be  seen  that  the  rail  (if  we  ma^  so  term  it)  ia  of  the  form  of  a  square 
tabe  or  hollow  trunk,  i  i,  with  an  opening  or  slit  on  lbs  tower  side  for  the  bar  j 
(wtieh  is  fixed  to  the  axlelree  of  the  carriage)  to  pass  through,  for  the  purpose 
of  being  connected  to  a  box  or  receptacle  underneath.  This  square  caat-iron 
trnak,  or  rail,  is  to  be  suspended,  as  m  the  previously  described  rail,  to  a  cbaia 
cf'aoa  ban  or  wires,  drawn  nearly  tight,  so  as  to  form  a  catenarian  curve  when. 
fDvlcbed  over  the  place  to  he  croesed. 
Hie  inode  of  propelling  the  carriages  is,  we  believe,  iiol  stated  in  the  S(i«cifi.- 
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cation,  but  we  understand  it  la  to  be  performed^  when  the  crossing  of.  riven  or 
ravines  is  the  object,  by  elevating  that  end  in  which  the  carriages  arc  placed, 
and  letting  them  find  their  way  to  the  other  end  by  their  own  gravity.  By 
such  a  proposition,  it.  is  probable  that  the  patentee  does  not  intend  it  for  any 
extensive  work,  as  the  means  proposed  of  producing  motion  are  applicable  only 
to  such  cases  as  we  have  mentioned. 

As  it  is  indispensable  that  carriages  which  have  to  run  upon  edge  railways 
should  be  provided  with  wheels  that  have  lateral  flanges  upon  their  peripheries 
to  prevent  them  from  running  ofi'  it ;  and  as  such  projecting  flanges  render 
them  inapplicable  to  carriages  on  the  common  road,  into  which  tney  would 
make  deep  destructive  incisions,  if  drawn  or  propelled  over  them,  it  necestarily 
became  of  importance  to  contrive  such  a  wheel,  or  periphery  of  a  wheel,  u 
would  run  witnout  detriment  on  either  road  or  rail.  In  rummaging  over  the 
dusty  parchment-rolls  of  Chancery,  we  think  we  have  noticed  several  methods 
of  providing  for  this  object ;  but  that  which  appertains  to  our  present  chrono- 
logical position  is  the  subject  of  a  patent  granted  to  R.  W.  Brandling,  £iq.,  o' 
Newcastle-upon-Tyne,  on  the  12th  of  April,  1825.  The  wheels  he  uses  for  tli* 
purpose  have  tires,  provided,  as  it  were,  with  two  peripheries  or  external  cird 
of  different  diameters.  Thus,  upon  an  edge  rail,  the  periphery  of  the  smallei 
diameter  of  the  tire  runs  upon  it,  and  the  larger  diameter  becomes  the  guidin^ 
flange  to  keep  the  carriage  in  its  course.  And  when  the  same  are  run  upon 
common  road,  the  larger  diameter  only  comes  into  operation,  keeping  th 
smaller  diameter  clear  of  the  ground,  unless  the  latter  should  be  in  a  soft  stt 
when  it  will  tend  to  keep  the  wheel  from  sinking  deeper  in  the  road.  T 
patentee  has  likewise  included  in  his  specification  some  plans  for  making  tui 
or  curves  in  the  roads,  by  means  of  projecting  ribs  on  the  surface  of  the  rail 
different  elevations,  with  wheels  designed  to  correspond  thereto ;  but  as  in  thi 
contrivances  Mr.  Brandling  was  anticipated  a  few  weeks  prior  by  Mr.  W.' 
James  (already  described),  we  shall  not  here  enlarge  on  the  subject 

In  the  invention  patented  by  Mr.  Thomas  Hill,  Jun.,  of  Ashton-under-Line^ 
dated  the  10th  of  May,  1825,  that  gentleman  proposes  to  construct  a  steam' 
carriage  equally  adapted  to  run  upon  edge-rails,  tram-plates,  and  the  common 
road.     For  this  purpose  he  makes  the  guiding  flanges  removable  at  pleasure  by 
the  withdrawal  of  bolts,  by  which  they  are  connected  to  the  fellies  of  the  wheels. 
Another  equally  sagacious  invention  consists  in  making  the  running  wheels  of 
the  carriage  revolve  loosely  upon  a  fixed  axletree,  which,  when  appUed  to  nil- 
ways,  he  considers  to  be  a  new  and  useful  invention.     This  is,  however,  a  oi^ 
take,  as  they  have  been  so  used,  but  were  abandoned  on  account  of  their 
unsteadiness,  and  other  defective  action.     A  third  contrivance  is  to  lock  the 
fore-axle  to  the  perch,  to  prevent  its  turning  round  when  upon  a  railway,  by 
means  of  a  square  staple  entering  loops  or  eyes.    A  fourth  invention  consists  io 
making  the  rails  of  tubes  instead  of  solid  bars,  to  save  metal,  and  obtain  strengtb* 
There  are  some  other  trifling  appendages  or  alterations  to  steam- carriages  aod 
railroads,  for  the  description  of  which  we  must  refer  the  reader,  who  may  wiD^ 
**  further  particulars/'  to  the  enrolled  document. 

We  have  now  arrived  at  that  period  of  our  narration,  (the  14th  of  May,  1835,) 
which,  according  to  Dr.  Lardner,  "  is  before  all  others  in  point  of  time,'*  when  Mr* 
Golds  worthy  Gumey  made  his  debut  in  the  fleld  of  locomotion ;  when,  by  tbt 
**  original  conceptions  of  his  mighty  genius  "  (or  the  aid  of  a  very  large  fob* 
scribed  capital),  he  commenced  builmng  those  steam-carriages,  which,  if^ 
several  years'  labour  of  numerous  clever  workmen,  were  occasionally  hmofj^ 
out  of  the  yard  of  the  factory,  and  bowled  a  few  yards  about  the  beautiful  roMi 
in  its  vicinity  (the  Regent's  park).     Such  events,  occurring  as  they  did,  li^ 
there  was  "  no  war,  but  few  murders,  and  parliament  up,"  were  a  positive  tict* 
sure  to  the  newspaper  press :  hence  the  columns  of  the  latter  were  sirdki 
with  absurd  and  pufnng  accounts  of  "  Mr.  Gumey 's  celebrated  ioventioii,'*  99^ 
nearly  all  the  world  were  taught  to  believe  that  the  important  application  of 
steam  to  locomotion  originated  with  Mr.  Gumey.     To  snow  that  such  notiQiii 
were  ill-founded,  we  shall  place  the  exact  facts,  as  we  have  hitherto  done,  bcfcf* 
the  reader,  who  will  judge  for  himself. 
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Tbe  fiiit  potent  gnnted  lo  thii  gentlemu  vas  of  the  befora-mendoned  date, 
and  vu  entitled  '_' a  new  invented  apparatus  for  propelling  carriagM  on  eammon 
roadi  or  milwayB."  The  specification,  which  wa>  enroQed  in  November  follow- 
ing, it  thiu  reported  in  (he  London  Joumai  of  Jrtt  and  Seietieet,  Vol.  XIII, 

"  The  mode  of  propelling  carriages  on  roads  and  railways,  proposed  by  the 
patentee,  ia  by  the  agency  of  moving  iegi,  or  crutchei,  Btriking  out  under  the  car- 
riage, the  lower  ends  of  which  legs  are  intended  Co  biar  against  the  ground  as  a 
temiance,  and,  being  forced  backwurds  by  the  power  of  machinery,  cause  the 
Mrriage  to  move  forward  in  (he  opposite  direction.  Similar  contrivance*  to 
this,  have  been  repeatedly  suggested.  The  patentee,  therefore,  is  to  be  consi- 
dered a«  merely  adopting  this  plan  as  one  that  he  eonsiden  most  convenient; 
and  claims  as  his  invention  tln^ly  the  guide  roUert  attached  to  the  legs, 
upon  which  the  carriage  moves  forward.  The  annexed  figure  represents  Uia 
nde  of  the  carriage  ruaniuK  upon  ordinary  wheels,  with  the  steam-engine  by 
which  its  propelling  legs  and  other  mechanism  are  to  be  moved  ;  a  a  is  the  perch 
or  main-beam  of  the  carriage ;  b  the  working  cylinder  of  the  steam-engine, 
which  in  this  instance  lies  nearlv  horiiontal,  and  is  supported  in  standards  upon 
pivots ;  e  is  the  piston  rod  of  Che  engine,  with  a  small  guide  roller  running 
upon  the  stationary  block  d.  The  piston  rod  is  attached  by  a  joint  to  the  vibra- 
ting lever  e,  &om  which  lever  a  chain  extends  over  small  puilies,  let  into  the 


Mock  d,  and  its  ends  are  made  fast  lo  the  other  vibrating  lever  f;  consequently 
these  two  levers  acquire  redprocating  motions  from  the  acCion  of  the  piston 
rod.  At  the  extremity  of  the  crane's  neck  g,  the  two  oscillating  levers  A  A  are 
■oipended,  and  these  being  respectively  attached  by  connecting  rods  ■  i  to  the 
levers  e  and/,  move  «iniultaneouily  with  the  last-mentioned  levers  as  the  piston 
of  the  engine  works  to  and  fro.  The  tower  ends  of  the  levers  hh  are  attached 
by  joints  to  the  horizontal  rods  kl,  and  these  rods  are  connected  to  the  iliding 
blocks  which  move  the  legs  or  crutches  mn.  The  horizontal  rods  kl,  and  also 
the  blocks  which  carry  the  legs,  slide  along  in  rebated  erouves,  formed  in  the 
under  side  of  the  perch  a,  which  grooves  are  represented  by  dots,  and  a  portion 
of  the  side  of  the  perch  is  removed  in  the  figure,  to  ihowone  of  the  blocks  o  with 
iti  rollers  within.  Tlic  block  o  has  small  vertical  wheels,  or  anti-fnctioa  rollers, 
bj  which  it  b  enabled  to  run  ftvely  along  the  rebate  or  ledge  of  the  groove ;  it 
has  also  small  horizontal  rollers,  to  prevent  the  block  from  rubbing  agunst  the 
aide*  of  the  groove.  In  the  under  nde  of  each  of  the  blocks,  a  pin  j>  ia  fixed, 
which  is  intended  to  pass  through  the  top  of  the  legs  m  or  n,  and  a  small  helical 
spring  is  placed  upon  the  pin,  and  secured  by  a  screw  nut,  for  the  purpote  of 
keeping  up  the  top  of  the  leg  against  the  under  side  of  the  perch,  but  yet 
tfmlng  itaome  degree  of  play.     By  the  action  of  the  steam-engine,  and  the 
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other  mechaaitm  connected  thereto,  the  bloclu  o  are  made  to  ilide  Ropreeillj  ^ 

to  and  fro,  along  tlie  eroovca  of  the  perch,  in  the  manner  above  deacribed ;  ind  ^ 

■apposing  one  of  the  Tegi  or  crutchea  to  be  hrought  ioto  the  lituation  of  n,  tbe  -»» 
foot  will  take  hold  of  tlie  ground,  and  remtun  itationaiy,  while  tbe  force  of  the  ^^ 
machinerj'  preuing  a^ainal  it,  will  cause  the  carriage  to  ilide  fbnrard,  and  (he  .^^ 
1^  n  to  auume  the  Bituation  of  n ;  while  r  will  be  advanced  into  tbe  litnadon  ^m 
mm,  and  fiee  vend.  Tbui  by  the  reciprocating  movement!  of  the  maehineiT,  .^  - 
'     '    '        "   '  '  1  1     .1       rulchei  or  legi.    In  ■ 


anglei  in  the  road,  the  Mcle  of  Ibe-s 
Dntally,  upon  a  ceo^  pin,  b;  n 
of  a  (trap  or  other  contrivance  applied  at  i^.   By  uub  itr^i  and  a  luitaUe  hi 


hinder  wheela  is  made  to  move  round  horizontally,  upon  a  ceD^  pin,  b;  men 


*  lever,  the  conductor  guidei  the  coune  of  the  carriage  in  a  Rraight  or 
direction.     The  mechanism  bj  which  these  blocks  and  leg*  are  to  be  mond. 
may  be  varied  in  several  way ■ ;   fiir  instsoce,   in  place  of  the  levers  a' 
described,  endless  chains  or  cords  may  be  employed,  passed  over  pullie% 
•ttached  to  tbe  blocks  instead  of  the  rods  kt     Other  pari*  of  tbe 


may  likewise  be  varied  in  their  detail,  witliout  affecting  Uie  {mnciplc." 
The  patentee  seta  out  the  particulars  of  his  invention  in  the  following  von 
a  roller  or  rollers,  wheel  or  wheels,  to  the  upper  etidi  of. 


said  propellers,  re-acting  against  a  atrugbt  and  Bnimlh  rail  or  plane 
under  and  bsing  a  pari  of  the  carriage,  such  rail  or  plane  bciug  parallel,  ci 
nearly  so,  to  the  soles  or  bottoms  of  tbe  carriage-wheels,  whereby  tbe 
itself  ix  enaliled  to  be  rolled  over  the  upper  ends  of  the  said  propejurt,  i 
or  feet,  by  the  mechanical  power  employed." 

By  this  claim  the  patentee  sums  up  the  entire  of  his  invention,  and  it  codi 
of  "a  roller"  appUed  to  t'      '  ~ 

years  before  been  found  tt 

the  very  "  roller"  or  "  rolleis"  were  employed  by  Brunton  in  one  of  the  m 
iieations  of  his  machine,  as  exhibited  in  Fig.  i  of  the  specification,  and  given  mX» 
VoL  XL.  of  the  Beperton/  of  Artt. 

We  ought  not  to  omit  lo  state,  that  ^  .    .,    

momentous  period  as  the  former,  for  a  steam  gener^ilinK  aptiarataB, 
&ilhftilly  described  and  illustrated  by  %ures  in  the  13tfi  vol.  a!  the 

Jotamal  of  ArU.  It  consistsoftwodi&rent  modifications;  oneof  diem  .  

a  boiler  mode  of  tubes  bent  into  the  form  of  the  figure  8;  and  the  other  exhifast* 
in  ita  cross  section  a  circle  surmounted  by  two  crescent-shaped  chamben.    V* 
shall  only  notice  those  points  which  are  claimed  by  the  patentee  a*  pecuBsr  ta 
his  invention.     The  Jlnt  is,  "  tbe  employment  of  wire-gnute  to  BMist  in  tm- 
ductii^  the  heat."     This  was  previouslv  recommended   in  ^  Uh  ideBlific 
periodicals  published  about  that  period ;  but  its  obvious  inapplieabOi^  to  Uelk- 
pressure  boilers,  caused  die  practical  men  of  the  time  to  leave  it  to  flw  pl^**' 
■ophical  experimenters  from  whom  it  ori^ated ;  and  Mr.  Guraey  noD  NHtd 
himself  compelled  to  get  rid  of  this  or,igmal  part  of  his  inrentioo.   The  «uw^ 
point  is,   "  uie  fonnation  of  a  boiler  of  tube*  bent  in  peculiar  ourre*."    A 
re&rence  to  the  spocification  will  show  that  the  meandermg  of  die  patentee'' 
tubes  causes  them  to  describe  every  variety  of  curve;  consequently,  whsleve'' 
bend  or  twist  a  boSer-maker  may  dioose  to  give  his  tubes,  must  be  an  iuissiw 
of  "  Oumey's  principle !"    T^iri^  "  the  forming  of  partitions  between  piut^  ** 
form  distinct  chambers."    This  refers  to  a  micerable,  abnird,  anH  iisf Irw  iBl*" 
tion  erf  James's  cylindrical  boiler  of  tubes !     Fourth,  "  aepaiatuig  liw  •K' 
ttma  the  boiler  in  a  vessel  pieced  contiguous."     This  boasted  iraprovsMOl  ^ 
die  "separators"  cotuists  in  placing  a  steam  reservoir  in  a  cold  instnad  rf  I H      l 
rituationl     Fjfth,  "  increasing  the  intensity  of  the  ftimace,       '  ---a- 


e  by  meoiw  of  a  blowing  apparatus.  For  the  eftontety  of  ddidiMi> 
would  be  difficult  to  find  a  paraUel.  Xath,  "  cleaning  the  irmer  niiftee  «(  A) 
bailer  from  incrustation  by  a  chemical  aolvent."  What  I  may  aOM  <d  !■ 
M^esty'a  lieges  but  Mr.  Oiirney  employ  the  usual  chemical  Kdventa  todiaot" 
a  welL^own  substance,  wherever  they  may  have  occasion  to  do  lat  Elfi' 
lienced  men  will  hear  us  out  in  the  ohservatioD,  tliiit  sin  li  |1im  i  wh  m  ■mlsiri 
iv^vented,  were  long  beftire  exploded  a*  worse  dian  uidea.  "    -  •  ■ 
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aonuainglv  infbrmed  by  Dr.  Lardner  (Treatue,  p.  255),  "lliis 
m»petfecUy  effectual;  and  although  its  practical  application  was  found 
nded  with  difficulty  in  the  hands  of  common  workmen,  Mr.  Gumey 
naded  to  adhere  to  it  by  the  late  Dr.  Wollaston,  until  experience 
he  impossibUUy  of  getting  it  effeciuaUy  joerformedy  under  the  circum- 
Q  wluch  boilers  are  conmionly  used.  Mr.  Oiimey  then  adopted  a 
if  removing  it  bv  mechanical  means.  Opposite  the  mouths  of  the 
the  other  side  of  the  cylinders,  are  placed  a  number  of  holes,  which, 
\  boiler  is  in  use,  are  stopped  by  pieces  of  metal  screwed  into  them. 
I  tubes  require  to  be  cleaned,  these  stoppers  are  removed,  and  an  iron 
I  introduced  through  the  holes  into  the  tubes,  which,  being  passed 
B  and  forwards,  removes  the  deposit"  This  extract  proves  that  Mr. 
ot  only  abandoned  his ''  tubes  bent  into  peculiar  curves,'^ut  likewise  Uie 
d  solvent,"  which  constituted  his  second  and  sixth  clums.  The  seventh 
or  ''  an  apparatus  for  regularly  supplving  the  boiler  with  water,"  which 
e  done  by  the  familiar  yet  exploaed  mode  of  working  simultaneously 
meeting  rod,  two  cocks  situated  on  the  opposite  ends  of  a  water 

I  thus  waded  through,  as  quickly  as  possible,  the  materia  as  well  as  the 
f  this  ''  happy  series  of  inventions, '  as  they  were  denominated  by  a 
i  writer  in  the  Times  Newspaper,  it  is  natural  to  inquire  what  became 
Hitherto  we  have  never  met  with,  nor  ever  heard  of,  a  sinc^le  con- 
of  BIr.  Oumey's  that  was  ever  brought  into  permanent  use,  or  nad  the 
effect  in  advancing  or  improving  the  art  oi  steam  locomotion.  It  is 
>nable  that  many  steam-carriages  were  built  under  his  orders ;  but  so 
ly  more  been  built,  before  ana  afterwards,  by  the  expenditure  of  less 

We  have  seen  what  Mr.  Gumey  has  claimed  for  himself  in  his  speci- 
;  diat  most  of  them  were  of  too  puerile  and  absurd  a  character  to 
iven  a  trial ;  and  that  the  remainder  were  notoriously  long  before  his 
Kdy  in  use.  Surely  a  man  who  could  descend  to  such  gross  quackery 
»t  have  omitted  to  claim  something  really  beneficial  in  locomotion,  had 
ted  it.  The  inference  is  unavoidable, — that  Mr.  Gumev  had  no  more 
h  the  invention  of  steam-carriages,  than  he  had  with  the  building  of 
I  Cathedral.  After  the  expenditure  of  many  thousands  of  pounds,  he 
out  one  of  his  manufacture,  towards  the  close,  we  believe,  of  the  year 
We  shall  annex  a  popular  description  of  this  carriage,  which  is 
1  from  a  weekly  journal  published  at  that  time, 
caniage  is  constructed  for  accommodatinfi;  six  inside  and  fifteen  outside 
n,  independently  of  the  guide,  who  is  also  the  engineer.  In  front  of 
h  is  a  very  capacious  boot,  while  behind,  that  which  assumes  the 
ice  of  a  boot,  is  the  case  for  the  boiler  and  the  ftimace,  from  which  no 
kience  is  experienced  by  the  outside  passenger,   although,   in  cold 

a  certain  degree  of  heat  may  be  obtained,  if  required,  liie  leneth  of 
:le^  from  end  to  end,  is  15  feet,  and,  with  the  pole  and  pilot  wheels,  20 
he  diameter  of  the  hind  wheels  is  5  feet ;  of  the  front  wheels,  3  feet 
;  and  of  the  pilot  wheels,  3  feet  There  is  a  treble  perch,  by  which 
linery  is  supported,  and  beneath  which  two  propellers,  in  going  up  a 
jr  be  set  in  motion,  somewhat  similar  to  the  action  of  a  norie's  leG;s 
Kiilar  circumstances,  which  assist  in  forcing  the  carriage  to  the  summit 
Moending  a  hill,  there  is  a  break  fixed  on  the  hind  wheel,  to  increase  the 

but,  independently  of  this,  the  guide  has  the  power  of  lessening  the 
die  steam  to  any  extent,  by  means  of  the  lever  at  his  right  hand,  which 
upon  the  throttle  val/oe,  and  by  which  he  may  stop  the  action  of  the 
together,  and  effect  a  counter  vacuum  in  the^linders.  By  this  means 
vgulates  Uie  rate  of  progress  on  the  road.  There  is  another  lever  by 
s  cui  stop  the  vehicle  instanter,  and  in  a  moment  reverse  the  motion  of 
d%  to  as  to  prevent  accident  as  is  the  practice  with  the  paddles  of 
mmiB.  The  duty  of  the  guide,  who  sits  in  firont,  is  to  keep  the  vehicle 
iper  course,  which  he  does  by  means  of  the  pilot  wheels  acting  upon 


Jn-wn  by  four  hone*,  u  one  ii  to  liz.    The  engine  haa  ■  twclTe-bonc 
but  nwv  be  iocTCMed  to  nxtcen :  the  actual  fowvt  in  uk,  rxcept  b 
■  lull,  ia  eight  honei. 

*  ^'^7'  I   gives  t,  aide   vinr  of  the  machine ;    a  the  guide  and 


boneptO'    ■ 
in  wcaiAi(   ■ 

1  GQgiDnr,  U    I 


ban  the  wliole  mana^ment  of  tlie  macliinery  and  conduct  of  Hu  caniase  ii 
xtrusled.  Besido  tins  man,  a  guard  will  be  employed,  whoae  duty  it  wifi  be 
1  look  after  the  lu^oge  and  pauengen ;  b  the  handle,  which  guidei  the  pole 
tad  pilot  wheela  ;  e  the  pilot  wheels  ;  J  the  pole  ;  e  the  Tore  boot,  for  lu^^age ; 
tlae  throttle  valve  of  the  main  itcani  pipe,  which,  by  means  of  the  handle,  ia 
■pened  or  cloted  at  pleaiure,  (he  power  of  the  steam  and  the  progreis  of  the 
saxTiage  being  thereby  regulated,  from  one  to  ten  or  twenty  miles  per  hour ;  g 
the  tank  for  water,  ninning  from  end  to  end,  and  the  fiilf  breadlh  of  the  car- 
riage;  it  will  contain  sixty  Ealloas  of  water;  A  the  carriage,  painted  claret 
colour,  and  lined  with  cloth  of  the  same  hue,  capable  of  holding  six  iiuide  and 
twelve  outride  pasfingers ;  i  the  hind  boot,  containing  the  boiler  and  fiimace ; 
it  ia  encaaed  with  sheet  iron,  and  between  the  pipes  the  coke  and  charcoal  are 
put,  the  front  being  cloBed  in  the  ordinary  way  (as  seen  in  Fig.  2),  with  an  iron 
WOT.  The  pipes  extend  from  the  cylitidricai  reservoir  of  water  at  the  bottom, 
')  the  cylindrical  chamber  for  steam  at  the  top,  forming  a  succeuion  of  lin« 
■  '     '  IS.     The  steam  ■ 


mething  like  a  horse-ahoe  tinned  edgeways.     The  steam  e 
•on'  through  large  pipes,  and  ia  thence  conducted  to  its  proner  aesunanon  ;  «* 
■*pBratars,  in  wluch  the  steam  is  separated  from  the  water,  Uie  water  deaceodinf 


^4  returning  to  the  boiler,  while  the  steam  ascendi  and  is  forced  into  the  steam 
Ppsi  of  the  engine ;  /  the  pump  bj  which  the  water  ia  jiujnped  &om  the  tank, 
^  means  of  a  flexible  hose,  to  Uie  reservoir  communicating  with  the  boiler;  M 
**(  main  steam  pipe  descending  from  the  'separators,'  and  proceeding  in  * 
^net  line  under  the  body  of  the  coach  to  the  '  throttle  valve,'  ana  thence,  under 
b  tank,  to  the  cylinders ;  r  r  Bues  of  the  fiunace,  four  in  number ;  o  the  perches, 
l^irhich  there  ere  three,  conjoined,  to  support  the  nachinery  ;.fi  the  cylinders — 


tkere  b  one  between  each  perck ;  q  valrc  motioD,  admitting  tteun  allcmildf  It 
each  side  of  the  pUtoTu;  r  cranLa  opera  ting  on  tb«  axle;  at  the  endaof  tht  ult 
are  ratchets  which,  ai  the  axle  turn*  round,  catch  projectmg  pieces  of  inm  (a 
the  boxes  of  the  wheels,  and  give  them  the  rotaloiy  motion'— the  hind  whetb 
only  are  thus  operated  inwn ;  i  propellen,  used  as  the  carriage  aiecndi  a  biDj 
t  the  drag,  which  is  applied  to  increase  the  friction  on  the  wheel  in  going  dmn 
a  hill ;  tbu  is  also  assisted  by  diminiahing  the  pressure  of  the  steam,  or,  if 
neceuary,  inverting  the  motion  uf  the  wheels ;  u  the  clutch,  by  which  the 
wheel  is  sent  round  ;  v  the  aofety  valve,  which  regulates  the  proper  prEwn  of 
the  steam  in  the  pipe  ;  a  the  onfice  lor  fiUing  the  tanlc ;  tbii  is  done  by  memi 
of  a  flexible  hose  and  a  funnel,  and  occupies  but  a  fe«  seconds.  Fig.  2  eihiUl* 
a  back  view  of  the  carriage,  and  the  perches  that  support  the  machinery,  not 
here  introduced  ;  a  the  furnace  door  ;  c  gauge  cock  ;  d  blow  cock ;  1 1  stesu 
pipes ;  //  flues  to  furnace  ;  a  g  the  pipes  through  which  the  water  is  pinpeUsA 
from  the  separators  h  h  into  the  boiler. 

In  October,  1825,  Sir  George  Cayley,  of  Bromptoti,  in  Yorkshire,  oblaiotA 
letters  patent  for  a  locmnotive  apparatu  on  the  same  principle  as  Mr.  Bairy'la 
described  at  page  445,  but  somewhat  diSerenlly  applied.  An  elevation  ef  uda 
machine  is  given  in  the  fDllonring  cut ;  a  a  represent  a  side  view  of  the  fore  an! 
hind  runnii^  wheels  of  the  carnBge,  the  axletrees  of  which  are  made  tut  to  iha 
inclined  ends  of  the  waggon  bos  b  ;  each  of  the  two  pair  of  wheels  have  decE 
grooves  c  c  in  their  per^iheries,  and  into  these  a  stout  endless  chain  dim 
passed  around,  so  as  to  connect  the  fore  and  hind  wheels  together  on  the  offNK 
site  side  of  the  carriage.  To  show  iJie  groove  c,  one  of  the  wheeU  is  repmentea 
with  one  of  the  aide  flanges  removed.  Each  link  of  the  chain  carries  two  per 
pendicular  arms,  which  serve  as  the  carrier  or  beanngi  to  a  small  roller  (« 
which  revolves  at  ri^ht  angles  to  the  running  wheels.  TheK  rollers,  whicG 
form  a  continuous  senes  on  both  sides  of  the  carriage,  come  successively  in  cob> 
tact  with  the  ground  as  the  machine  is  moved  in  its  course,  and  step  over  daa 
ohstacles  that  may  lie  in  their  path.     But  in  the  case  of  any  (tf  the  raOen 


alighting  on  a  prominent  stone,  which  might  cause  an  injoiioiu  strain  "^  ? 
machine,  a  sobd  wheel  or  roUer^  is  fixed  midway  between  the  wheeli  <«  •"   I 
side  of  die  carriage,  which  receive  and  are  capable  of  sustaining  ik*  V^^   I 
In  order  that  the  carriage  maybe  moved  sideways,  the  rolleis  are  pis"" "  J 
right  angles  with  the  running  wheels. 

The  patentee  has  introduced  into  bis  specification  SDmeingemonsconCn' 
for  keeping  the  wheels  in  a  straighl  paih  upon  unlevel  suites ;  to' " 


mu*!  Kfer  the  TMdar  to  the  «pec»- 

ewly  part  of  thii  article  are  given  ■omc  plans  for  the  emplojinent  of 
uk*  to  railways,  to  enable  a  carriage,  provided  with  a  toothed  wheel, 
to  the  teeth  of  the  rock,  to  obtain  sufficient  redstutce  to  ascend 
lined  planes:  but  the  former  were  subject  to  the  disadvantage  of  a 
twist,  the  Tack  in  Ihew  being  placed  on  one  title  of  the  way.  To 
01  defect  appears  to  have  been  the  object  of  Ml.  Josiah  Eaiton,  who 
k  patent,  dated  the  13th  October,  1825,  for  "certain  improvement*  in 
e  or  steam  carriages,  and  also  in  the  manner  of  construcline  the  roads 
Tor  tlic  same  to  travel  on."  llie  followmg  brief  description  of  thia 
is  given  b  the  London  Journal  of  Arts,  Vol.  XI.; — "  These  improve- 
luitt,  first,  in  forming  a  line  of  road,  with  a  raised  part  along  the 
pon  which  a  rack,  or  toothed  bar  of  iron  is  placed;  and  jecondly,  in 
s  toothed  wlieel  to  the  steam  carriage,  which  shall  take  into  the  said 
beiiig  actuntecl  by  the  rotator^' power  of  the  steam-engine,  shall  thereby 
carriage  to  be  impelled  forward  upon  the  line  of  railroad,  and  tha 
ither  waxgona  after  it" 

nibjoinedculs,  Fig.  1  exhibits  a  transvene  lecdon  of  the  railroad,  with 
iew  of  a  waggon  upon  it.  Fig.  2  i*  a  side 
of  the  same,  showing  the  manner  in  which 
fa  it  driven ;  a  a  is  the  road  formed  of 
uie  parts  b  b,  on  which  the  running  wheels 
ng  on  a  lower  plane  tlian  the  central  part 
imi,  whereon  the  rack  d  is  situated.  The 
inc,  and  other  machinery  appertaining  to 
lOtive,  are  constructed  in  the  usual  way ; 
novel  ly  in  the  carriage  is  the  toothed 
rliich  takes  into  the  rack  d,  fixed  along  the 
the  road ;  imd  thii  toothed  wheel  being 
turn  through  the  agency  of  a  train  of 
tuated  by  the  steam-engine,  the  carriage 
'  propelled,  and  the  wugtcons  drawn  afuc 
'der  to  keep  tha  carriasrn  in  their  tiack 
road,  two  nude  rollers  //  are  placed  undw 
ige,  which  run  agunst  the  ade  of  (ha 
£,  and  thia  preventa  them  &inn  moving 


Fig.l. 
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The  cliief  resistance  to  the  motion  of  carriages  upon  railways  arising,  ai 
before  been  explained,  from  the  friction  of  the  axles,  many  attempts  have  he^*^ 
made  to  reduce  it,  by  the  introduction  of  anti-firiction  rollers,  variously  disposed 
the  design  being  to  convert  the  rubbing,  or  sliding,  into  a  rolling  action :  \>-^m\ 
the  generality  of  the  contrivances  for  this  purpose  have  had  no  other  corm- 
sequence  than  the  removal  of  the  friction  from  one  part  to  another,  and  of  wealC' 
en  nig  or  encumbering  the  general  structure  by  an  unnecessaiy  multiplicity  oJ 
parts.  How  far  these  observations  may  apply  to  the  invention  of  Mr.  Brandretb-a 
of  Liverpool,  patented  in  November  1825,  we  will  leave  the  reader  to  conside«~- 
Fiff.  1   exhibits  a  side  elevation,  -  and  Fig.  2  an  end  elevation,  of  a  niilwa.3 


Fig.  I. 


rtg.2. 


waggon,  to  which  Mr.  Brandreth's  patent  i?  applied,     a  a  are  the  axes  of  the 
nmning  wheels  b  h,  turning  in  bushes,  and  suspended  in  an  angular  iroo 
framing  cc ;  at  (/  is  another  axis  above,  carrying  near  its  extremities  anti- 
friction rollers  e  e,  the  peripheries  of  which  roll  in  contact  with  a  grooved 
bearing  on  the  lower  axis,  by  the  revolving  motion  of  the  latter.    The  drawing), 
Ftg.  L  is  intended  to  show  a  coal  waggon,  divided  hi  to  two  receptacles,  and  con- 
nected together  by  a  hinge  joint     They  are  provided  with  loose  botlomi,  » 
that  when  they  are  brougnt  on   to  the  stage,   whereon  or   tlirough  wbicb 
the  coals  are  shot,  they  may  be  readily  discharged  by  the  withdrawal  w 
a  bolt. 

In  November  1825,  Messrs.  John  and  Samuel  Seaward,  of  the  City  Canal) 
London,  obtained  a  patent  under  which  their  claim  was  for  "  the  propelliog 
locomotive  engines,  vehicles,  and  other  carriages,  by  means  of  a  wheel  or 
wheels  connect&d  either  by  a  swinging  frame  or  frames  to  the  crank  shaft  of* 
steam-engine,  or  other  moving  power,  or  working  in  circular  grooves,  so  that  it, 
or  they,  may  rise  or  fall,  to  connect  themselves  to  the  roughness  or  unevenne* 
of  the  STOund,  but  supporting  no  part  of  the  weight  of  the  said  engine,  sucb 
weight  being  entirely  supported  upon  separate  wheels." 

A  locomotive  engme  at  a  was  placed  on  two  pair  of  wheels  h  ;  c  is  the  cTint 
shaft  of  a  steam-engine  within  the  body  of  the  machine ;  to  the  shaft  t  ^ 
attached  the  swinging  frame  </,  with  a  propeller  e  turning  on  its  axis  ^,  at  the 
vibrating  end  of  the  swinging  frame.  The  steam-engine,  was  upon  the  spring 
/,  so  that  the  machine  might  travel  upon  rough  roads. 

The  extraordinary  friction  and  resistance  between  the  flanges  of  ihe  wheea 
of  a  locomotive  engine,  and  the  edges  of  the  rails,  in  passing  round  csfff^ 
unless  the  radii  be  very  considerable,  struck  forcibly  the  attention  of  Mr.  RobfJ^ 
Stephenson,  who  succeeded  in  devising  a  very  ingenious  mode  of  obviating  1J1 
which  he  patented  on  the  23d  of  Januar>',  1826.  The  following  description  « 
It  is  extracted  from  the  Register  of  ArU  :— "  Instead  of  two  wheels,  nxed  i» 
usual  to  the  extremities  of  one  axletrer,  Mr.  Stephenson's  plan  is  to  have » 
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geparate  axletree  to  each  wheel,  so  that  they  may  revolve  independently,  and  at 
din^ent  velocities,  as  circumstances  may  require.     The  outer  wheels  of  a  four- 


wheeled  carriage  (or  those  which  are  on  the  longest  of  two  carved  parallel 
lines)  will  therefore  he  at  liberty  to  run  faster  than  those  on  the  inner  side  (or 
on  the  shortest  line),  thereby  preventing  that  sliding  motion,  and  its  destructive 
effects,  when  passing  round  curves,  which,  on  extensive  lines  of  road,  are  gene- 
rally found  unavoidable. 

Mr.  Stephenson's  improvements  in  axles  likewise  embrace  another  object  of 
more  momentous  importance,  that  of  providing  a  remedy  for  the  uneaual  strain 
to  which  a  carriage  is  subjected  in  passing  over  those  parts  of  a  railway  that 


Fig.l. 
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lie  hollow,  or  below  the  level  of  the  contiguous  parts,  owine  to  the  sleeper^  or 
other  supports  having  sunk  or  given  way,  which  causes  we  carriage  and  itt 
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load  sometimes  to  rest  upon  three  wheels  instead  of  four,  producing  nDdoe 
strains  or  fractures,  and  at  other  times  causing  the  carriage  to  pass  offuie  nSk, 
To  provide  against  these  circumstances,  the  axletree  of  each  wheel  tums  in  a 
fixed  bearing,  which  is  bolted  to  the  frame  of  a  carriage  :  this  bearing,  instead 
of  having  a  circular  aperture  for  the  axle  to  turn  in,  has  a  lone  vertical  slot,  in 
which  the  axle  can  rise  up  and  down,  as  may  suit  the  undulations  or  imperfec- 
tions of  the  line  of  rail.    This,  however,  could  not  take  place,  unless  the  oppoate 
extremity  of  the  axletree  moved  upon  a  universal  joint,  which  Mr.  Stepnenaon 
has  adopted,  giving  the  preference  to  the  ball  and  socket  for  that  purpose,  on 
account  of  its  strength  and  simplicity.     Fig,  1  exhibits  a  plan  of  a  caniage- 
framc,  with  its  wheels  and  axletrees ;  and  Fig,  2  a  side  elevation  or  section,  u 
seen  from  the  interior  of  the  frame.     Similar  letters  of  reference  in  each  figure 
indicate  corresponding  parts :  a  a  shows  the  frame  of  the  carriage  ;  be  he  iht 
four  tapered  axletrees,  having  at  the  small  end  6f  each  a  globular  knob,  revolving 
in  a  hollow  spherical  socket,  as  seen  at  e  e  e  e.     In  Fig.  2  the  bearings  //  are 
shown  bolted  to  the  carriage-frame  a  ;  at  g^  the  axletree  is  seen  in  the  upper 
part  of  the  bearing  ;  and  at  h,  the  axletree  is  shown  to  have  fallen  down  th« 
slot,  allowing  the  wheel  to  accommodate  itself  to  the  sunken  part  of  the  rail  i. 

In  this  last  contrivance  the  wheel  alone  is  supported,  and  the  carriage  ha^ 
still  to  sustain  the  unequal  pressure,  owing  to  its  resting  upon  three  whedtf- 
The  chief  advantage  that  results  from  it,  is  m  keeping  the  wheel  always  on  tl^^e 
rail ;  because,  if  the  hollow  was  so  great  as  to  allow  the  flanch  to  nse  abor^ 
the  surface  of  the  rail,  the  carriage  might  in  its  proCTess  be  thrown  over,  pro- 
ducing very  serious  consequences.     An  accident  of  this  kind  recently  occuire^ 
to  the   new  locomotive   carriage  of  Messrs.  Braithwaite  and   Ericsson  (th^ 
"  William  the  Fourth"),  on  the  Manchester  and  Liverpool  railway,  by  whicli 
it  was  very  nearly  thrown  down  a  deep  precipice ;  proving  the  necessi^  of  acmtf 
contrivance  to  effect  the  object  aimed  at  by  Mr.  Stephenson's  arrangement 

A  plan  for  crossing  over  rivers  and  valleys,  was  patented  in  March,  1826,  by 
Mr.  Robert  Midgeley,  of  Hosforth,  near  Leeds.     The  specification  does  noC 
explain  the  arrangement  designed  very  clearly,  and  there  are  no  drawings  to 
assist  the  understanding ;  but  as  far  as  we  do  comprehend  it,  it  bears  a  ckse 
analogy  to  a  plan  publicly  proposed  many  years  pnor,  and  much  talked  of  at 
the  time,  for  crossing  the  nver  Thames,  near  to  the  site  of  the  present  South- 
wark  bridge.      The  patentee's  proposition,  we  understand  to   be  this: — Afl 
elevated  platform  or  car,  surrounded  with  railing,  supported  upon  legi,  ao^ 
strongly  braced  in  diagonal  directions  is  to  be  constructed.     This  lofty  car  ii  to 
be  provided  with  wheels  underneath,  which  are  to  run  in  a  double  railway  laid  is 
the  bed  of  the  river,  or  on  the  surface  of  a  valley,  for  the  transportation  ^ 

Eassengers  and  goods :  thus  constituting  a  sort  of  travelling  bridge,  which  is  to 
e  drawn  across  by  a  rope  or  chain  affixed  to  the  opposite  shores,  in  inch  < 
manner  as  to  offer  no  obstruction  to  craft.  It  is  to  oe  worked  by  a  windbVi 
either  on  shore,  or  on  board. 

By  another  modification,  it  is  proposed  that  the  railway  shall  have  a  tootlied 
rack,  into  which  a  pinion  on  the  framing  of  the  machine  is  to  take,  and  be 
worked  by  a  suitable  power  on  board  the  machine.  The  top  of  the  machine  a 
to  correspond  with  the  level  of  the  landing  places ;  and  in  order  that  tiiii 
machine  may  not  be  obstructed  in  its  passage,  by  the  gathering  of  weeds,  nA 
and  other  things  upon  the  railway,  a  kmd  of  plough  is  placed  in  front,  which  i» 
designed  to  cut  them  through,  or  turn  them  aside  as  it  proceeds. 

A  successfld  attempt  to  emplm'  kites,  acted  upon  by  the  force  of  the  wind,  to 
move  carriages,  was  made  by  Messrs.  Viney  and  Pocock,  in  1826,  when  tkoie 
gentlemen  proceeded  from  Bristol  to  London  in  a  light  kind  of  phaeton,  pi^ 

Selled  in  that  manner ;  and  for  which  invention  they  obtained  letters  patto^ 
ated  the  18th  October,  1826.  The  details  of  this  invention  are  nven  under 
the  head  Carriages,  at  page  323  of  the  first  volume  of  this  wonL  SefeK^ 
modes  of  employing  atmospheric  air,  by  condensing  its  natural  vohime,  «>i 
causing  its  subsequent  expansion  in  a  cylinder  to  move  a  piston,  and  therebj 
give  the  propulsive  effect  to  a  carriage,  have  been  proposed,  Trhich  we  dj» 
hereafter  briefly  describe.  x-   j:      -» 
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%  Mr.  Samuel  Brown  applied  his  gaa-vacunm  engine  to  the  propul* 
carriage,  which  we  are  informed  was  eifectiTely  worked  along  the 
da;  and  that  it  even  ascended  the  very  steep  acclivity  of  Shooter's 
ent|  to  the  astonishment  of  numerous  spectators.  The  expense  of 
lis  machine  is,  however,  said  far  to  exceed  that  of  steam ;  and  con- 
this  circumstance  will  form  a  harrier  to  its  introduction,  until  its 
inventor  shall  succeed  in  removing  it  hy  devising  a  more  economical 
perating. 

neement  for  a  locomotive  carriage  was  patented  in  Decemher  1 826, 
eoerick  Andrews,  of  Stamford  Rivers,  in  Essex ;  the  peculiarities  in 
isist,  first,  in  employing  a  single  steering  wheel  in  front  of  the  ear- 
axis  of  which  revolves  in  two  lateral  bars  of  a  framing  that  connects 
detree  of  the  fore  wheels,  and  thereby  turns  the  latter  with  it  To 
to  this  steering  wheel,  the  framing  is  designed  to  carry  luggage,  or 
nently  heavy  article.  Another  arrangement  of  the  inventor's,  con- 
tnploying  a  pair  of  engines  working^  upon  pivots  or  trunnions,  so  that 
hrations  the  piston  rods  might  be  mrectly  connected  to  the  throws  of 
and  adapt  their  inclinations  to  the  varied  motion  of  the  latter.  The 
Dgements  will  be  easiest  understood  by  reference  to  the  annexed  euL 
vertical  section  of  a 
boiler ;  c  is  the  fur- 
leated  matters  from 
B  longitudinally  un- 
Her,  and  then  return 
t  through  a  central 
(fore  it  enters  the 
lot  shown.  Trans- 
ough  the  centre  of 
there  is  a  tubular 
ipen  at  each  end, 
bich  the  axis  of  the 
f  passes,  sufficient 
^  made  in  that  tube 
inked  portions// of 
so  to  pass  through. 
a  rods  being  con- 
ihe  throws  of  the 
'  course  causes  them  # 

,  and  with  them  the  wheels  by  which  the  carriage  is  propellaiL 
*  is  suspended  by  stout  iron  arms  to  a  frame  above,  whicn  forms  a 
3  general  frame,  and  is  supported  upon  sprine^s ;  the  fUrnace  c  js  sus- 
the  boiler  by  straps,  the  siaes  of  which  are  hned  by  a  series  of  hori- 
M,  in  connexion  with  the  boiler,  which  serve  the  double  purpose  of 
tg  lateral  radiation,  and  of  assisting  in  the  generation  of  vapour, 
some  of  these  arrangements  may  be  without  practical  advantage, 
I  a  considerable  degree  of  ineennity  in  a  gentleman  residing  in  a 
i  of  the  countr}%  It  will  be  observed  that  it  was  not  until  after  the 
this  patent  that  Mr.  Gumey  fell  upon  using  his  pilot  wheels  and 
ngines. 

it  those  individuals  who  were  taught  to  believe  that  the  adhesion  of 
ils  to  the  surface  of  the  common  road,  was  insufficient  to  prop^  & 
;  carriage,  was  Mr.  James  Neville,  an  engineer  of  Shad  Thames, 
ho  took  out  a  patent  on  the  15th  January,  1827,  for  a  ''new-invented 
carnage,"  to  be  worked  by  steam ;  the  chief  object  of  which  appears 
en  to  provide  wheels  adapted  to  take  a  firm  hold  of  the  grounol  He 
o  make  each  of  the  spokes  of  the  wheels  by  means  of  two  rods  of 
ng  nearly  together  at  the  nave,  but  diverging;  considerably  apart  to 
'  ends,  where  they  were  fastened  to  an  iron  feUy-ring  of  the  breadth 
;  and  this  tire  was  to  be  so  provided  with  numerous  pmnted  studs, 
an  inch  long,  as  to  stack  it  into  the  ground  to  prevent  the  wheel  from 
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slipping  round.  A  second  method  devised  by  the  patenteesi  of  preventing  Hat 
eftect,  has,  we  believe,  been  patented  more  than  once.  This  is  to  fasten  upon 
llie  tire  a  series  of  flat  springing  plates,  each  of  them  forming  a  tangent  to  the 
circumference :  so  tliat,  as  the  wheels  roll  forward,  each  plate  sh^l  be  beat 
against  the  tire,  and  recover  its  tangential  position  as  it  leaves  the  ground  in  its 
revolution.  By  this  arrangement  it  was  considered,  that  if  there  was  any 
disposition  to  slip,  the  increased  bearing  surface  of  the  plate,  and  the  reaiaUnoe 
of  its  farthest  edge,  would  infallibly  prevent  it  Mr.  Neville  does  not  exnlais 
how  he  would  prevent  the  road-stuff  from  getting  between  the  plates  ana  tiie 
tire,  and  forcing  them  off  the  latter,  or  at  the  least  bending  them  so  as  to  change 
the  circular  periphery  into  an  irregular  polygon. 

For  propelling  the  carriage,  Mr.  Neville  proposes  to  use  an  horizontal  vibratinfi 
cylinder,  to  give  motion  direct  to  the  crank  axis,  by  means  of  the  compouna 
motion  of  the  piston  rod,  as  invented  by  Trevithick ;  the  motion  to  the  running 
wheels  to  be  commimicated  through  geer  of  different  velocities;  the  boiier 
and  blowing  apparatus  to  be  according  to  former  patents  of  1823  and  1826. 

It  is  perhaps  impossible  entirely  to  prevent  the  sinking  of  certain  parts  of  a 
railroad,  so  as  to  cause  by  such  inequalitv  of  level  tlie  carriages  travelling  upoo 
it  occasionally  to  bear  upon  only  three  w^ieels,  rendering  them  thereby  liable  to 
severe  strains,  and  sometimes  to  breakage,  as  well  as  flying  off  the  raili.  At 
page  477,  we  have  described  Mr.  Stevenson's  axletrees  designed  to  remedy  tkit 
evfl,  and  we  have  now  to  notice  a  patent  granted  to  Mr.  William  Chapman,  of 
Newcastle-upon-Tyne,  for  a  similar  object,  and  dated  the  14th  of  August,  1827. 
The  improvements  for  this  purpose  are  performed  by  detaching  the  axles  fiooi 
the  bottom  of  the  waggon,  and  connecting  them  together  at  the  tame  distaaes 
from  each  other  as  before,  by  two  bars  of  wood  or  iron  of  that  length,  fixed  (■ 
the  turned  parts  near  the  wneels  which  bars  have  cavities  at  each  end,  opening 
downwards,  properly  fitted  for  the  revolution  of  the  axles,  and  extending  belov 
them  a  sufficient  distance  to  admit  of  the  introduction  of  a  greasing  appanta% 
that  will  presently  be  described :  these  bars  may  be  made  elastic,  so  as  to  hafs 
^e  effect  of  springs,  if  this  be  preferred.  The  waggon  is  supported  above  tbeie 
bars  by  a  gudgeon  or  axle  that  passes  across  the  middle  of  its  bottom  aDde^ 
neath,  and  rests  on  the  middles  of  the  two  bars.  This  gudgeon  la  faatened  to 
the  side  pieces  of  the  frame-work  of  the  waggon's  bottom  by  staples  at  eicb 
end,  while  it  is  secured  to  the  bars  by  sockets  or  joints,  that  admit  of  rootioB  io 
a  vertical,  but  preclude  it  in  a  horizontal  direction  ;  and,  at  the  same  time,  Ttf* 
tical  bolts  descend  from  the  waggon's  bottom  frame,  below  their  sustafoing  bsii» 
near  ends,  and  outside  them,  so  as  to  enclose  and  secure  them  better  froai 
lateral  motion,  in  passing  round  curvatures  in  the  rails,  admitting  them  at  tbe 
same  time  to  move  up  and  down  with  facilit}'.  To  strengthen  the  lower  fraio* 
of  the  waggon,  and  give  more  support  to  its  extremities,  upright  bars  are  fiMd 
directly  over  the  central  gudgeon  at  each  of  its  sides,  from  the  tops  of  which 
diagonal  rods  descend  obliquely  in  opposite  directions  to  the  terminations  of  the 
side  pieces  of  the  frame. 

By  this  arrangement  of  parts  all  resistance  to  the  vertical  motion  of  the 
wheels  b  removed,  by  the  flexibility  of  the  joints  of  this  secondarv  fr"^ 
beneath  the  waggon,  so  that  the  load  will  be  supported  equally  by  each  of  the 
wheels  when  not  exceeding  the  usual  number  of  four,  in  any  meouality  of  the 
level  of  the  rails  that  is  not  beyond  all  bounds ;  though  shoula  six  or  io^ 
wheels  be  employed  with  one  waggon,  a  more  complicated  frame-work  wo*!* 
be  necessary  to  produce  the  same  equality  of  support. 

The  greasing   apparatus  before   mentioned,   that  is  directed  to  be  pls^ 
beneath  the  revolving  parts  of  the  axles,  consists  of  a  horizontal  balance,  I^^ 
jointed  at  its  centre  of  motion  to  the  middle  of  one  of  the  descending  ndes  ^ 
the  axle  beds  at  the  ends  of  the  sustaining  bars,  the  outward  arm  of  which  le^ 
has  a  sliding  weight  attached  to  it,  the  shifting  of  which  farther  from  or  oesf^ 
to  the  centre,  regulates  the  degree  of  pressure  with  which  the  other  ann  ^ 
forced  up  against  the  under  part  of  the  axle  ;  above  this  latter  arm  a  piece  ^ 
metal  is  placed,  that  is  excavated  at  its  upper  surface  so  as  to  fit  the  lower  p^^ 
of  the  axle,  and  has  projecting  parts  at  its  ends  that  slide  up  and  down  ^ 
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le  sides  of  the  lower  part  of  the  axle,  and  has  projecting  parts  at 
slide  np  and  down  in  grooves  at  the  side  of  the  lower  \MrU  of  the 
bich  retain  it  in  its  place  while  beinc  pressed  upwards  by  the  means 
ind  a  double  piece  of  woollen  cloth,  or  other  substance  proper  for 
e  or  oil,  and  well  saturated  with  either,  being  placed  between  this 
id  piece  of  metal,  and  the  lower  side  of  the  axle,  the  pressure 
s  weight  on  the  opposite  arm  of  the  lever  will  make  it  closely 
izle,  so  as  to  keep  the  latter  constantly  well  greased,  independent 
e  care  of  the  attendants. 

lay  also  be  used  similarly  to  the  weight  mentioned,  for  pressing  the 

piece  towards  the  axle  in  the  latter  apparatus ;  that  which  the 

mmends  for  this  purpose,  is  a  flat  thin  lamina  of  steel,  placed  hori- 

xgh  apertures  in  the  lower  parts  of  the  axle  beds  in  the  sustaining 

0  press  against  the  bottom  of  the  hollow  metal  piece  with  a  force, 
iated  by  a  screw,  which  passes  upwards  against  one  of  its  ends 
ie  underneath  the  apertures  in  which  this  latter  is  inserted. 

iie  singular  propositions  for  producing  a  locomotive  action,  was 
.  by  Mr.  T.  S.  Holland,  for  which  he  took  out  a  patent,  dated  the 
>er,  1827.  The  invention  consists  in  the  application  of  an  arrange- 
•8,  similar  to  that  commonly  known  by  the  name  of  lazy-tongsy  for 
)f  propelling  carriages.  The  objects  appear  to  be,  to  derive  from 
ting  motion  of  a  short  lever  a  considerable  degree  of  speed,  and 
abutment,  against  which  the  propellers  should  act  horizontally,  in 
of  the  motion  of  the  carriage,  instead  of  obliquely  to  tliat  motion, 
when  carriages  are  impelled  by  levers  striking  the  earth.  The  draw- 
to  the  specification  seem  designed  ratlier  to  explain  the  principle, 
lent  what  the  patentee  would  deem  an  eligible  form  of  its  application, 
ape.)  a  is  one  of  the  main  wheels  of  the  carriage;  attached  to  the 
r  guide-rod  h  6,  extending  before  and  behind,  and  passing  through 
olocks  c  c,  placed  over  the  beds  of  the  propelling  wheels  dd;  e  e 
ills,  acting  against  two  sets  of  ratchet  wheels  on  the  boxes  of  dd; 

1  attached  to  the  beds  or  axles  of  dd,  and  serving  to  place  them 
ired  position,  by  means  of  the  wheels  attached  to  them;  gp  a 
panding  levers,  the  central  pair  playing  upon  the  main  aide; 
»f  longer  bars,  connected  with  the  two  oars  g  g,  at  their  lower 
th  each  other,  at  the  upper  ends,  by  a  bar,  shown  by  dots,  between 
;  the  fulcrum  /,  a  lever  connected  by  a  rope  m,  with  a  counter- 
orted  by  two  short  bars  o  o,  suspended  from  the  lower  bars  g g;  p 
connected  with  the  upper  extremities  of  the  bars  h  h,  which  rise 
rooves,  in  the  upright  post  9,  tlie  fly  serving  to  equalize  the  motion; 
n  or  carriage. 

a  is  as  follows : — Suppose  the  apparatus  in  the  position  shown  in 

g: ;  allow  the  weight  n  to  descena,  and  the  levers  g  g  will  collapse ; 
eels  d  d  can  only  revolve  in  the  direction  of  the  arrow,  on  accoimt 
9  tf,  the  wheel  d  1  will  remain  stationary,  and  the  wheel  dy  and  the 
3,  will  be  drawn  towards  d  1.  On  raising  the  weight,  the  levers  ^^ 
ided,  and  a  2  now  becoming  stationary,  the  centre  wheel  a  and  d\ 
3d  forward  from  d  2. 

after  the  last^mentioned  contrivance  obtained  the  privilege  of  the 
[>r.  Harland,  of  Scarborough,  also  passed  a  patent  for  wnat  may 
ited  a  steam  phaeton,  from  the  figure  of  tne  carriage  given  in 
ition,   of    which   the    engraving    on  page  483,   is    a    sufiicient 

rovements  contemplated  by  Dr.  Harland,  are  stated,  in  his  specifi- 
tisist,  first,  in  the  construction  of  a  boiler,  bv  which  a  very  lam 
,e  fire  and  flue  will  be  placed  in  contact  witn  the  water,  for  the 
lion  of  steam ;  secondly,  in  the  employment  of  a  condenser,  which, 
hre  nirface,  shall  condense  the  steam  by  the  influence  of  the  atmo- 
dly,  in  a  mode  of  fixing  the  working  cylinder,  without  allowing  it 
hollow  arms  or  tnmnions. 

3  p 


" aa  repmeDti  the  bed  of  the  carruge ;  b  1  «nd  £  3  the  boiler,  ea^l 
of  two  double  c^linden,  b  1  conliininK  the  fire-gnte  and  aih^t,  and  te ' 
der(2ooiiUinuig  another  double  cylinder ;  >o  that  there  arc,  in  beli 


j'linderc,  each  ftill  of  water,  and  communicating  with  tlic  reterroir  and 
lantber  e,  which  miut  be  of  nifficient  capacity  to  keep  the  boilera  mip- 
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in  part  from  tlie  action  of  the  fire ;  /  b  a  spherical  vessel  on  the  top  of 
reserv-oir,  tlie  object  of  which  is  to  prevent  the  water  thrown  up  with  the 

being  driven  with  the  steam  into  the  pipe  </,  which  conveys  it  to  the  workin 

cylinder  h ;  tliis  cylinder  is  seciu-ed  horizontally  to  tlie  bed  of  the  carriage?— 
and  havuig  guides  extending  from  end  to  end,  in  which  side-rods,  attached  t 
the  croBs  on  the  piston  rod,  move,  and  carry  with  them  the  connecting 
ky  which  turns  the  crank  /;  this  crank  has  on  its  axis  a  toothed  wheel  m,  an 
revolves  on  bearings  placed  on  the  bed  of  tlie  carriage.     The  carriage  receive^^ 
its  impulse  from  the  engine  upon  the  hind  wheels ;  the  axis  of  these  carry  smaLl 
tooth-wheels  ?«,  which  gearing  into  m,  receive  their  motion,  and  thereby  trnvm. 
round  the  running  wheels.    Arrangements  are  made  by  the  patentee  for  throir — 
ing  the  toothed- wheels  m  and  n  out  of  gear,  and  bringing  into  operation  another  v 
pan*  of  wheels  on  the  same  axles,  when  additional  power  is  wanted;  but  tk^ 
apparatus  for  this  purpose  is  not  brought  into  view  in  the  engraving,  to  prevea.'^ 
confusion.     At  o  is  an  eductiou  pipe,  leading  to  a  series  of  tubes  /»,  which 
denominated  the  condensing  chambers,  and  may  be  used,  either  alone  or 
conjunction  with  water,  to  condense  the  steam  on  leaving  the  cylinder ;  9,  is 
pipe  for  conducting  the  hot  water  and  uncondensed  steam  into  a  globul 
vessel  r,  connected  "mih  nu  additional  scries  of  condensing  pipes  <,  of  an  annu- 
lar form,  and  connected  v/ith  each  other  by  short  pipes ;  ^,  is  a  pipe  for  return- 
ing the  condensed  water  from  r  to  the  boiler,  by  the  aid  of  a  small  force  pump; 
t^  is  a  forked  rod  attached  to  the  steering  wheel  x,  and  descending  into  holes  in 
the  arms  of  the  fore  wheels,  and  having  liberty  to  move  up  and  down,  according 
with  the  inequalities  of  the  road ;  the  vertical  standard,  upon  which  the  upper 
^  steering  wheel  x  is  fixed,  also  forms  the  centre  of  motion  to  the  arms  of  the  fore 
wheels,  and  is  thereby  made  to  direct  them  in  their  course. 

*'  The  advantages  contemplated  by  Dr.  Harland  in  these  arrangements,  will, 
we  fear,  not  be  realised.  In  the  construction  of  tlie  boiler,  there  is  nothing 
upon  wliich  we  can  congratulate  him.  The  attempt  to  condense  the  steam  bai 
been  long  since  abandoned  by  those  who  have  had  the  most  experience  on  the 
subject;  it  is  evidently  impracticable  to  carry  sufficient  water  to  efiect  even  a 
tolerable  condensation ;  the  conducting  power  of  the  air  is  much  too  slow  for 
tlie  abstraction  of  the  heat,  and  it  should  be  considered  that  the  air  which  ii 
liberated  from  the  boiling  water,  would  require  a  pump  to  draw  it  off,  which 
would  add  complexity  to  the  machinery.  With  regard  to  the  mode  of  fixing 
the  cylinder,  it  differs  but  little  from  that  adopted  by  Mr.  Gurney.  The  mode 
of  comniunicating  the  power  to  the  wheels  is  extremely  defective,  for  it  will  be 
observed,  that  the  driving  toothed-wheels  m  are  (in  enect)  mounted  upon  the 
springs  of  the  carriage,  above  the  driven  toothed-wheels  «,  by  which  means  they 
will  he  continually  liable  to  be  thrown  out  of  gear  by  the  motion  of  the  ca^ 
riaf  e,  and  the  teeth  will  be  liable  to  break  from  the  same  cause." 

Pursuing  our  narration  chronologically,  we  must  now  draw  the  reader's  atten- 
tion to  the  labours  of  Mr.  Walter  Hancock,  who  commenced  hiscareer  of  ooi* 
structing  locomotive  carriages  about  the  same  time  as  Mr.  Gurney ;  but  whoie 
mechanical  arrangements  possess  far  more  originality  and  genuine  merit,  lod 
have,  in  consequence,  been  attended  with  greater  success.  It  was  at  this  period 
(1827)  that  Mr.  Hancock  took  out  his  first  patent,  which  was  for  a  light  h^h- 
pressure  boiler,  designed  for  locomotive  purposes ;  the  description  of  thii  « 
shall,  however,  defer;  until  we  have  made  a  retrospect  of  his  previous  laboor*. 

This  gentleman,  we  are  informed,  began  his  experiments  in  the  year  1S24, 
with  an  engine  of  his  own  invention,  and  of  a  very  singular  construction;  hot 
which  he  imagined  was  peculiarly  suitable  for  locomotive  purposes.  'iTie  engi»|* 
had  neither  cylinder  nor  piston,  but  consisted  of  two  flexible  bags,  made  of  hw 
brother's  j)atent  artifcial  leat/ier,  composed  of  caoutchouc,  combined  with  setefw 
layers  of  linen.  Communications,  by  means  of  a  four-way  cock,  admitted  the 
steam  alternately  into  these  bags,  which  being  attached  to  a  suitable  frame  fi^ 
a  slide  motion,  the  alternate  filling  and  exhausting  took  place,  and  the  rBcipr**" 
cation  produced  b)'  their  expansion  and  contraction  was  communicated  to  » 
crank,  which  converted  it  into  circular  motion.  The  caoutchouc  was  found 
to  answer  for  a  short  time,  but  the  heat  soon  rendered  the  bags  permeable,  iD^ 
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«f  coiirae  tlie  cnstnc  iiBcle!i<i.  Having  istwiied  hia  mind  ihat  cooutcliouc  could 
not  be  tfffiracioiisTv  emiiloyrd  in  thin  viay,  he  reaortrd  to  cylinder*  of  the  ordinary 
metallic  kind,  and  in  n  Bhori  time  bad  completed  a  model  therewith  of  a  iteam- 
carringp.  which  was  tried  on  the  public  road.  The  indications  of  luccegs  which 
this  model  gave,  decidedly  convinced  him  of  the  feaiibility  of  the  prqecl  of  . 
■team  propulaion  on  the  common  road,  and  thiit  the  principal  thing  reqiiiredi 
was  a  compact,  light,  and  powerful  boiler,  which  he  next  set  about  to  con- 

The  difficulties  which  Iiad  been  expe- 
rienced bv  various  individuals  in  the 
construction  of  tubular  boilers,  led 
Mr.  Hancock  to  consider  of  some 
turangement  by  which  the  water,  ejc 
posed  to  the  action  of  the  fire,  might 
tie  less  divided,  and  yet  extended  over 
a  large  surface  ;  and  the  plan  now 
occurred  to  him,  which  lie  has  since 
iuocesffully  followed  in  the  severKl 
Bleam-CBrriageg  he  has  biiill,  and  has 
applied  to  other  purposes.  In  the 
annexed  figure  is  rejiresented  an 
elevation  of  the  fimt  modification  of 
this  boiler,  with  a  part  of  the  casing 
removed  to  show  tlie  interior  structure. 
At  B  is  the  fire-place ;  D  the  stoke- 
hole :  E  E  are  a  series  of  fiat  parallel 
chambers  to  hold  ibe  water,  made  of 
the  toughest  sheet-iron,  and  placed 
side  by  side,  at  a  sufficient  distance 
apart  for  the  flames  nnd  heated  air  to 
pass  up  between  them,  as  shown  at 
H  H.  Each  of  these  flat  vessels  ex- 
tends across  (he  furnace  chamber,  so 

as  to  (ill  its  whole  area  in  a  vertical  plane ;  and  they  are  all  connected  at  the 
bottom,  for  keeping  the  water  In  each  at  a  uniform  level ;  and  at  the  lop  of  each 
of  the  chambers  there  is  a  steam-pipe  that  leads  into  another  larger  steam-pipe, 
all,  Hiid  by  which  the  engines  are  supplied.  To  keep  tlie 
bambcrs  E  E  at  uniform  distances  apart,  and  confer,  at  the 
Mme  time,  adequate  strength  to  them,  a  series  of  vertical  bars  or  fillet*  ore 
fixed  between  each  pair.  Therefore,  instead  of  the  flames  ascending  between 
each  pair  of  plates  in  one  unbroken  slieel,  it  is  subdivided,  and  made  to  pOM 
through  a  number  of  reclnnjiiilBr  channel  representing  in  their  outline  bo  many 
square  tubes.  This  cumbinntion  of  vrater  chambers  and  alternate  flues,  u 
bound  together  hy  a  system  of  very  massive  bolts  externally,  proved  to  be 
capable  of  sustaining  a  vastly  greater  pressure  than  the  boiler  is  ever  subjected 
to;  and  it  is  unquestionably  a  great  merit  in  this  boiler,  that  the  thinness  of 
metal,  and  consequent  weakness  of  the  individual  water  chambers,  ronstilulea 
each,  in  effect,  a  safety  valve.  Abetter  arrangement  than  this  for  absorbing  ibe 
best  of  the  furnace,  and,  conseqtiently,  for  the  rapid  production  of  steam,  seema 
•carcelj'  to  have  been  requisite :  but  the  active  mind  of  the  inventor,  erer  bent 
ti|Hin  improvement,  soon  found  means  To  increase  its  efficiency,  and  reduce  ita 
weight ;   which  are,  of  course,  objects  of  the  utmost  importance  in  steam  toco- 

Tlie  increased  efficiency  was  obtoined  by  "  embossing  "  the  plates;  l^  punching 
or  pressing  thcni  between  dies,  so  ns  to  cause  a  series  of  hemispherical  hosae«, 
of  nearly  the  shape  nnd  siie  of  watch-glasses,  to  be  projected  all  over  their 
external  Biirfaccs;  so  that  when  the  cbHmbers  are  brought  togetlier,  the  tops  of 
these  come  iiilo  contnci,  and  thus  a  series  of  spaces  are  formed  between  them,  a* 
^own  itth/ih'm  the  rut  on  Ibe  follow  in;;  page  ;  re  being  the  water  chambers,  the 
projections  on  wliich  are  ecthcienlly  obvious ;  the  liutfacc  of  metal  covered  wllb 
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water  is  thus  greatly  extended,  and  the  ascending  current  of  heated  inatten 
made  to  impinge  against  their  projections,  which  are  not  phiced  in  vertical  lini 


x_>y  v^^    v,^^v^^ 


upwards,  but  zig-zag,  as  shown  in  the  following  cut,  which  repretents  a  ti^^ 
view  of  a  portion  of  one  of  the  chambers.  The  vertical  bars,  described  in  tt^ 
first  modification,  are  therefore  here  entirely  got  rid  of,  and  their  entire  wei|]a% 
and,  at  the  same  time,  a  much  more  powernil  boiler  obtained ;  and  one  that  it  i^ 
scarcely  possible  to  exceed  in  compactness,  which  is  a  property  of  oonaiderahli 
importance  in  locomotion :  and  in  the  facility  of  repair,  which  it  admits  <^  it 
excels  all  others ;  there  being  nothing  more  to  do  than  to  unscrew  the  great  tii» 
tcrnal  bolts,  take  out  the  faulty  chamber,  and  replace  it  by  a  new  one,  reconnect- 


o  o  o  o  o 
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ing  the  steam  and  water  pipes,  and  screwing  up  the  great  bolts  again.  It  is> 
remarkable  circumstance,  that  Dr.  Lardner  condemns  this  boiler  of  Mr.  Hib- 
cock's  on  the  very  grounds  that  we  think  its  merit  consists;  which  we  shslllieR 
briefly  state,  in  order  that  his  opinion  may  have  its  due  weight  with  our  retden 
In  his  Treatise  on  (he  Steam  Engine,  the  Doctor  observes,  with  respect  to  tw 
invention,  that  "  thin  plates  are  the  fonn  which,  mechanically  considered,  IK 
unfavourable  to  strength."  The  inferences  to  be  drawn  from  this  remaik  ii^ 
that  the  plates  have  no  support  at  their  sides,  and  that  Mr.  Hancock  wsi« 
weak  minded  as  to  depend  for  strength  in  a  high-pressure  boiler  upon  tUs 
plate-iron  ;  both  of  which  inferences  are  obviously  absurd  and  untrue.  (Wjit 
we  disposed  to  be  hypercritical,  we  should  say  that  the  learned  Doctor^s  ^oeA^ 
is,  in  every  view,  untenable — for  we  conceive  that  thin  sheet-iron  is,  "  medud" 
callu  considered"  stronger  than  (Jack  sheet-iron,  having  acquired  by  the  folBJg 
mills  more  tenacity  and  ductility.)  The  advantages  of  the  thin  metal  sboft 
thick  in  Mr.  Hancock's  boiler,  are  evidently  these  ;  that  every  one  of  the  eo*- 
partments  between  the  supports  Is  not  only  in  effect  a  perfect  safety-valve,  • 
before  observed,  but  a  much  more  rapid  conductor  of  the  heat  to  the  irtlRi 
than  if  it  were  formed  of  thick  metal. 

Tlie  next  objection  taken  by  Dr.  Lardner  is,  that  the  upper  parts  of  the  w>^ 
chambers  are  liable  to  early  destruction  from  containing  no  water.    Ob^ 
point  we  would  individually  merely  observe,  that  these  parts  are  so  fisr  reno*^ 
from  the  intense  action  of  the  fire,  as  not  to  be  liable  to  early  injury  ftoin  tW 
cause,  and  that  the  advantage  of  increasing  the  elasticity  of  the  steam  bf  Ae 
waste  heat  before  it  enters  the  chimney,  more  than  compensates  for  thedi^ 
increased  oxidation   that  the   metal   may  sustain  from  die  heated  tax.   ^' 
Lardner,  however,  so  far  from  admitting  &iat  there  is  any  advantage  m  heaMg 
the  steam,  insisU  that  there  is  a  positive  loss;  these  are  hia  words-  **  It^ 
been  observed  by  engineers,  and  usually  shown  by  experiment,  that  if  stesffll* 
5^^^^     T   ^^®  swrface  of  the  water,  it  will  be  decomposed,  and  its  eUslkatJ 
destroyed.  'Where  can  that  engineer  be  found,  and  where  may  that  cxperiiBfl"^ 
uc  scon  .  Wc  venture  to  assert  that  the  former  has  no  name,  and  the  latter  «» 
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i.  We  need  not  stop  to  discuss  this  point,  as  our  scientific  readers  well 
r  that  the  statement  is  directly  at  variance  with  all  reason  and  theoiy ;  and 
mow  from  experience,  that  it  is  equally  at  variance  with  practice.  W  e  have 
«tedly  applied  a  liehted  brand  to  the  steam  chamber  of  a  tubular  boiler, 
!D  the  engine  to  which  it  was  attached  was  working  sluggishly,  and  the 
lit  has  uniformly  been,  such  a  sudden  accession  of  force  as  to  cause  the 
be  to  'go  off'  with  impetuous  violence.  It  was  once  a  prevalent  opinion, 
the  reheating  of  steam,  so  as  to  raise  its  temperature  to  the  same  degree  as 
'ould  have  acquired  by  heating  the  water  alone,  would  have  the  effect  of 
miinicating  to  it  a  similar  degree  of  elasticity  ;  but  those  who  tried  it,  being 
ipotnted  by  finding  the  reality  fall  so  far  short  of  their  high  expectations,  it 
entirely  overlooked  by  them  ;  hence  the  unreflecting  ran  into  the  opposite 
sme,  some  saying  there  was  no  advantage,  and  others  that  there  was  a  hu  ; 
■  of  elasticity  by  ^e  interposition  of  caloric  I  We  shall,  however,  close  our 
iriui  on  this  point  by  reference  to  the  opinion  of  Mr.  John  Farey,  who 
ires  no  additions  to  his  name  to  distinguisn  him  as  the  highest  authority  in 
country  on  such  subjects  as  the  present  In  his  evidence  before  the  Select 
mittee  of  the  House  of  Commons  on  steam  carriages,  at  page  42,  he  says, 
r.  Hancock  has  taken  the  middle  course  in  subdividing  the  water  in  his 
r,  having  all  that  can  be  required  for  safety  ;  and  the  weight,  on  the  whole, 
tlieve  to  be  less  than  that  of  any  other  boiler  which  will  produce  the  same 
«r  of  steam  ;  for,  owing  to  the  freedom  with  which  the  steam  can  get  away 
ibbles  from  the  water,  without  carrying  the  water  with  it,  the  surface  of  the 
ed  metal  is  never  left  without  water.  Hence  a  greater  effect  of  boiling  is 
ned  from  a  given  surface  of  metal  and  body  of  contained  water,  and  that 
a  much  greater  durability  of  the  metal  plates,  than  I  think  will  ever  be 
ined  with  small  tubes."  Mr.  Hancock  being  satisfied  that  he  had  obtained 
&us  boiler  the  requisite  means  of  generating  adequate  power,  turned  his 
ation  to  the  various  arrangements  of  the  carriage  and  propelling  machinery. 
first  carriage  was  constructed  upon  three  wheels,  and  tne  power  was  applied 
mgh  the  medium  of  two  vibrating  engines  fixed  upon  the  crank  axle  of  the 
)  wheel.  The  direct  application  of  the  power  to  the  crank  by  this  method, 
e  him  ardent  hopes  of  success ;  and  three  wheels  have  the  unquestionable 
i&tige  of  greater  facility  in  steering.  After  many  trials,  however,  and  varioin 
aitions,  experience  proved  that  it  was  attended  with  so  many  '<  practical 
ivbacks,"  that  it  was  finally  abandoned.  After  this,  Mr.  Hancock  devoted 
tck  time  to  the  construction  of  a  propelling  apparatus,  under  the  idea  that 
1 10  pertinaciously  inculcated  by  writers  (in  spite  of  the  experience  to  the  con- 

7 by  railway  engineers)  that  '*  the  bite"  of  plain  wheels  upon  tlie  common 
was  iniufScent  to  propel ;  but  experience  proved  to  him  also,  the  utter 
^wmcas  of  any  such  adjuncts  9a  propellers,  as  tney  were  distinctively  termed ; 
i  he  moreover  found,  in  his  first  carriage,  that  the  single  fore  wheel  alone 
I  fully  adequate  to  nerform  that  office. 

Dtfeetive  as  this  nrst  carriage  must  necessarily  have  been,  Mr.  Hancock 
tn  in  a  memoir  that  he  has  had  the  kindness  to  transmit  to  us,  that  it  ran 
iqr  hundred  miles  in  experimental  trips  from  the  writer's  manufactoty  at 
ifiEvd,  sometimes  to  Eppmg  Forest,  at  others  to  Paddington,  and  frequently 
WUtechapel.  On  one  occasion  it  ran  to  Hounslow,  and  on  another  to 
9don.  In  every  instance  it  accomplished  the  task  assigned  to  it,  and 
BRied  to  Stratford  on  the  same  day  on  which  it  set  out  Some  of  the  experi- 
nti  we  personally  witnessed. 

lobiequently,  this  carriage  went  from  Stratfbrd,  through  Pentonville,  to 
nham  Green,  over  Hammersmith  Bridge,  and  thence  to  Fulham.  In  that 
^bonrhood  it  remained  several  days,  and  made  a  number  of  excursions  in 
nunt  directions,  for  the  gratification  of  some  of  the  writer's  friends,  and  others 
)  2iad  ezpreaied  a  desire  to  witness  its  performance.  In  the  course  of  these 
f  ea^nmental  trips,  Mr.  Hancock  experienced  the  usual  fate  of  all  who  run 
iter  to  long  standmg  usages  and  prejudices ;  namely,  to  be  ridiculed  by  the 
Yf  encouraged  by  but  a  very  few,  and  fiercely  opposed  by  all  whose  personal 
Its  were  threatened  with  injury  by  his  proceeoings.    Some  would  admit 


488  RAILWAYS. 

frankly  that  the  carriage  worked  \>elt;  but  expretwd  their  decided  c 
that  It  would  never  aneirer  fur  a  continuaiiee.  Othen  would  dpprcciMg  iC 
performances,  exaggerate  Ita  defecta,  and  exult,  aa  it  were,  in  everj  inituicc  cs 
accidental  itoppage.  If  requiring  teniporarj  accommodation,  through  tk* 
failure  of  aome  part  of  the  machinery,  a  circumstance  naturally  enoosh  of  fi^ 
quent  occurrence  in  this  early  period  of  hii  iDcomotive  career,  Mr.  Hancoj 
usually  experienced  the  reverse  of  kind  or  conaideiate  treatment.  EiorbitaM 
charges  were  made  for  the  most  tiifliiig  leivicei,  and  important  facililiet  wit^ 
held,  which  it  would  have  coat  nothing  to  afford.  If  temporarily  detained  oa 
the  road  from  the  want  of  water,  or  from  any  other  cauae,  he  was  auailed  witi 
hooting,  yelling,  hisaing,  and  someCimea  even  with  the  groaacBt  abuie;  wig 
gons,  carta,  coaches,  vans,  trucks,  horsemen,  and  pedestriana,  preaaed  M  dm^ 
on  the  carnage,  as  aometimea  to  preclude  the  possibility  of  moving;  and  hi 
•ituation  was  often  rendered  vrry  irksome  and  irritating ;  lomeliraet  T^ 
hazardous.  Undiaiiiaycd  by  these  untoward  circumstance*,  however,  hfc  yenm 
Tered  in  his  experiments  ;  and  aa  the  novelty  of  auch  exhibitions  wore  c^  « 
did  the  excitement  and  the  opposition  which  they  at  lirst  produced. 

Becoming  convinced  irom  experience  that  there  was  a  diaadvantaga  ii 
applying  the  power  directly  to  the  crank,  ai  before  noticed,  Mr.  Hancock  nex 
placed  the  engines  quite  behind,  and  at  the  same  time  altered  the  form  of  t) 


carriage,  so  ai  to  make  it  more  nearly  resemble  an  ordinary  horse  carriage,   ilrteh 
Btudy  and  labour  were  spent  upon  the  various  alterations  that  were  '  * 

and  tried  from  time  to  time.     But  the  difRculty  of  keeping  the  t 


Btudy  and  labour  were  spent  upon  the  various  alterations  that  were  inneited 
and  tried  from  time  to  time.  But  the  difRculty  of  keeping  the  tnacniaen' 
dean,  owing  lo  its  proximity  to  the  fire- place,  as  well  ax  to  the  road,  was  bui 


a  practice  to  be  ao  strong  an  objection,  thai  this  form  of  carriage  was  all 
abandoned.  Nevertheless  with  this  carriage,  one  point,  of  the  greateal  imped' 
nnce  in  steam  travelling,  was  most  satisfactorily  determined.  Tie  poaul^^ 
a  steam  carriage  ascending  steep  hills  had  been  doubted  and  qaeationed  kf 
many;  and  to  remove,  if  possible,  all  scepticism  on  the  subject,  adwiv 
appointed  for  taking  hia  carriage  up  Pentonville-bill,  which  had  a  ri*e  a  1  i* 
18  to  20,  and  a  numerous  party  assembled  to  witness  the  experiment  A 
severe  frost  aucceeding  a  shower  of  aleet,  had  completely  glazed  thenai* 
that  horses  could  scarcely  keep  their  footing.  Tlie  carriage,  however,  wilM 
the  aid  of  propellers,  or  any  other  such  appendage,  ascended  the  hiU  atao*- 
derable  speed,  ajid  its  summit  was  attained,  while  his  competitor^  vilb  dM 
horses,  were  yet  but  a  little  way  from  the  bottom.  Stimulated  l^  the  0* 
cesa  of  such  experiments,  he  remodelled  the  entire  arrangement  of  di 
machinery.  The  trunnion  engines  were  laid  aside,  and  fixed  onea  nibttitDl<'l 
And  such  other  alterations  and  improvements  adopted,  as  had  auggeated  tk*" 
selves  during  actual  work  upon  the  road.  Tlie  carriage,  01  thus  recoDilnd<4 
was  called,  in  reference  to  the  infancy  of  the  undertaking,  the  "  Iiir«>T.'  I* 
this  engine,  the  bulk  of  the  machinery  is  fixed  in  the  rear  of  the  part  ipp'O'  ' 
priated  to  the  passengers.  There  is,  first,  the  boiler,  with  the  fire-place  1°^ 
it.  Second,  a  space  between  the  boiler  and  paaaengera,  for  the  engines,  toi  i* 
engineer  who  accompanies  the  carriage,  whence  he  has  the  whole  of  ^ 
machinery  witliin  his  reach,  and  open  to  his  view;  and  is  thu^  enabled,  dMf 
the  progress  of  the  carriage,  to  lubricate  the  parts  requiring  oil — kttaOJ" 
the  gauge-cocka,  and  regulate  the  supply  of  water  to  the  boiler,  as  weU'Mli' 
degree  of  blast  from  the  blower — to  increaae  or  diminish  the  geuert&tl^ 
iteam,  according  to  the  various  stales  of  the  road,  and  the  wants  of  tbeengin 
—and  generally  to  give  hia  immediate  attention  to  any  portion  of  tlie  machHnT 
requiring  adjustment.  And,  third,  a  pair  of  inverted  fixed  engines.  wntiBi 
vertically  on  a  crank  aban.  The  whole  is  on  one  framin|^  supported  bjba 
common  coach  springi,  on  the  axle  of  each  wheel. 

On  the  crank  shaft  and  on  the  axle  of  the  hind  wheels,  are  fixed  indented  1^ 
leys,  around  which  on  endless  chain  pastes,  which  communicates  the  povtr  #1 
roturv  motion  of  the  crank  shafl  to  the  hind  axle,  and  propelling  a^te^n^ 
thereby  effects  the  progressive  motion  of  the  whole  carnage.  When  it  i* 
desired  to  back  the  carriage,  the  action  of  the  engine*  is  iner^t«Tcited,«Ui 
can  be  effected  almost  instantly.     The  advantages  realised  bj  tlie  onpranl 
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iwnt  ihown  in  tbe  Infimt  are  numeroiu.  The  eti^nei  are  coTnpleteljr 
1  ftom  the  dirt  and  duit  of  the  roada ;  are  at  all  Umei  in  tight  of  the 
',  knd  eveiy  port  of  them  is  within  his  reach.  The  passengers,  enginea, 
re-place,  &c.,  are  all  equally  relieved  from  concussion,  by  coniplele  sua- 
on  apringt,  limilar  to  h  stage  coach ;  the  chains  allowing  fidl  nlay  to 
ig*,'and  a  vibrating  itay  from  the  crank  to  the  axle  preventing  IJie  pull 
lains,  and  securing  a  uniform  distance  between  the  axle  and  crank 
Bf  the  employment,  too,  of  a  distinct  crank  shaf^  the  axletree,  which 
iXTj  all  the  weight,  ii  not  only  preeerved  itriiight,  and  eoiiieijuently  of 

Ibrm  to  sustain  that  weight,  but  it  is  also  relieved  &om  the  struin  which 

bear,  where  itforms  both  crank  and  axle,  and  faas  to  propel  the  ctr- 
id  cany  the  weight  m  well.  The  Irtfaat  tliua  fitted  up,  was  tried  in 
laaihle  way,  during  several  months,  and  proved  so  perfectly  efficient, 
■U  the  carriage*  which  Mr.  Hancock  has  since  comlrueted,  he  hu 
to  the  same  general  plan  of  arrangement,  with  the  exception  of  some 
tioiui  in  the  details,  which  more  extended  experience  has  suggested, 
igh  the  general  arrangement  of  the  Ii^anl  was  such  as  to  leave  but  lillle 

Air  alleration,  there  were  yet  several  important  points  that  remained  to 
d  up,  such  as  the  best  proportions  and  size  for  the  chambers  of  the  boiler — 
fijim  for  each  separata  portion  of  the  machinery — the  proper  position, 
I  strength  of  the  various  parts,  and  also  tbe  most  suitable  kind  of  malc- 

aa  to  avoid  ai  much  as  possible  superfluous  weight  Experiments  to 
I  these  various  points  occupied  Mr.  Hancock  ^lllthe  beginning  of  the 
31,  so  that  full  six  years  had  elapsed  ftom  the  commencement  of  his 
ve  pursuits,  before  the  Infant  was  produced  in  a  state  somewhat  to  the 
on  of  his  own  mind.  The  trials  made  during  this  piobalionory  period, 
\  a  total  of  many  hundred  miles,  all  made  upon  the  high  roads,  near 

principally  in  the  vicinity  of  Stratford ;  between  wliich  place  and 
apel,  vehicles  of  every  description  being  in  constant  motion,  afforded 
ixeellent  opportunity  of  obtuning  practical  experience,  under  every  cir- 
et  of  difficulty,  in  which  a  steam-carriage  might  be  expected  to  ba 
and  this  conuderutloii  determined  him  to  give  the  most  ireiiuented  rcMid 
nnce.  In  February,  18111,  he  commenced  running  the  Infant  regu- 
liire,  on  the  mad  between  Stratford  and  London ;  uot,  certaiuly,  with  an 
ton  of  profit,  but  as  a  means  of  dimipatine  any  remaining  prejudices, 
Uiahing  a  favourable  judgjneni  in  tlie  public  mind  as  to  the  practica- 
■teom  travelling  on  coinmua  raiida.  Mr.  Hancock  observes,  uiat  it  ia 
liable  fact,  and  a  soiiice  of  proud  satisfaction  to  him,  tliat  a  steam  car- 
Ilia  construction  was  thtfirtt  that  ever  plied  for  hire  on  a  common  road, 

be  achieved  iliis  triumpli  shigle-handed. 

following  engraving  is  exhibited  a  sketch  of  the  arrangenieiit  of  the 
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inHchinery  of  the  Ivfani ;  the  body  of  the  carriage  for  the  pesaengen  being, 
however,  fashioned  more  like  an  omnibus,  as  has  been  subsequently  adopted  \i^ 
the  patentee. 

liie  description  of  this  machine  is  thus  given  by  Mr.  Alexander  Gonko, 
who  has  made  many  experimental  trips  in  it :  a  is  the  fire-place,  the  fuel  bang 
laid  upon  the  bars  which  are  seen  between  the  fire-place  and  the  ash-pit  6;  the 
ash-pit  is  made  air-tight,  or  nearly  so,  in  order  that  the  blast  from  the  revolring 
fanners  in  g  may  be  urged  upwards  through  the  fire.  The  fire-place  is  aim 
necessarily  kept  close;  it  is  provided  with  eve-holes,  through  which  the  firemu 
(who  sits  on  a  small  seat  behind  the  boiler)  can  \iew  the  state  of  the  fire- 
Fresh  supplies  of  coke  are  dropped  through  the  feeding  hopper  q.  On  thii 
appendage  are  placed  double  doors,  one  of  tliem  bcine  always  shut,  to  prevent 
the  blast  escaping  up  the  feeding  hopper,  when  the  coke  ia  added  to  the 
fire.  Steam  is  supplied  to  the  engines  d^  of  which  tliere  are  two,  through  r,  and 
the  quantity  is  regulated  by  a  valve  at  «,  placed  under  the  contrtt  of  the 
guide,  by  means  of  a  lever  rod.  Tlie  alternating  vertical  motion  of  the  pit- 
tons  in  the  engine  cylinders  is  changed  from  the  parallel  motion  /  to  the  coi- 
tinuous  circular  motion  of  the  cranks  upon  ^,  by  the  connectinf-rod  «.  Only 
one  cylinder  and  its  connexions  can  be  shown  in  this  **  section.*  Two  shivci, 
or  sproket-wheels,  are  placed  upon  the  crank  shaft  «,  and  two  also  upon  tlie 
axle/.  An  endless  pitch  chain  passes  round  each  nair  of  shive«,  and  conffjfi 
the  motion  from  e  to  /,  and  from  thence  to  the  hinder  wheels.  It  u  necesun; 
to  keep  the  centre  of  e  and  the  centre  of  /  always  parallel  to,  and  equi-distant 
from,  each  other,  in  order  that  the  pitch  chains  may  be  in  an  equal  state  of 
tension :  this  is  managed  by  means  of  two  rods,  one  on  each  tide  of  the 
carriage ;  the  rods  vibrate  upon  /  as  a  centre,  and  cause  the  crank  aiii  «• 
when  the  carriage  is  jolted,  to  describe  a  larger  or  smaller  aegment,  vilh 
the  same  radius,  as  the  body  in  which  the  engines  are  placed,  f^ys  up  ot 
down  upon  the  springs.  By  this  means  concussions  which  affect  the  wfare^ 
do  not  distress  tlie  machinery.  The  radius  rods  are  constantly  vibrating,  hil 
the  steam  engine  is  securely  and  perfectly  suspended  upon  flexible  steel  sprinA 
Passengers  are  seated  above  the  water  tanks  hh:  k\A  a  connecting  rod, >* 
which  the  guide  (at  /)  can  open  or  shut  the  throttle-valve  «,  and  supply  himieif 
with  what  steam  he  requires,  or  shut  it  altogether  off,  when  stopping. 

The  whole  engines,  crank-shaft,  and  two  throws,  together  with  the  puaqVi 
are  supported  by  flexible  springs,  which  provide  for  any  concussion  on  m^ 
roads,  llie  wheels  turn  loose  on  the  axle,  and  one  or  other,  or  botli,  are  fiicd 
by  a  clutch  when  required.  Tliis  clutch  is  on  the  outside  of  the  wheeli  and  can 
be  screwed  out  or  in,  as  the  case  demands,  with  great  facility.  The  turning  of 
the  carriage  round  to  the  off  side  is  prepared  for,  by  throwing  out  the  offtff 
dutch,  and  keeping  in  the  near  one;  and  tlie  turn  round  to  the  near  side ii 
prepared  for,  by  throwing  out  the  near  clutch,  and  throwing  in  the  (rfM 
clutch.  A  little  play  is  left  between  the  catches  in  each  clutch,  so  that  a  wind- 
ing road  may  not  oblige  either  wheel  to  be  disengaged ;  and  it  is  only  in  aiM 
turn,  or  a  turn  round,  that  the  clutch  must  be  uim«d,  and  this  can  be  dovii 
a  very  small  space  of  time. 

The  fire  is  uiged  by  the  blower  ^,  which  is  driven  by  a  connexioii  with  tb 
engines.    The  waste  steam  is  blown  from  the  enghies  into  the  cfaimiwj,  ad 
so  destroyed.    The  passengers  are  carried  on  the  same  machine,  Mr.  HosHk 
preferring  that  disposal  of  the  weisht  to  the  draffnng  of  it  in  a  canian  beUni 
The  wheels  of'thia  carriage  are  a  DeautiAil  exhimtion  of  streneth  aiud  IMitM^ 
combined.    The  spokea  are  all  wedge-shaped,  and  where  they  are  faalaii 
into  the  nave,  abut  agauist  each  other.    Their  eaeape  laterally  is  pnvHUid  I9 
a  large  iron  disc,  at  each  end  of  the  nave ;  and  these  being  buUed  thn^llk 
confine  the  spokes  very  securely  in  their  place.    Eveij^  eight  milea  he  tita  it 
water  and  coke ;  about  seven  cwt.  of  water,  and  aomeCimea  dght ;  it  d^ndvg 
upon  the  state  of  the  roads,  consuming  moat  steam  when  th«  roada  mo  Kmvj- 
The  average  time  is  about  twenty  minutes  in  getting  up  the  ateam,  and  he  dnts 
not  consume  more  than  a  bushel  of  coke  for  this  purpose  at  first  starting.   Th* 
fore  part  of  the  vehicle  is  for  passengers,  so  that  all  the  raatchiuen*  is  quit! 
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behind  the  carriage ;  and  the  for j  part  of  the  carriage  is  entirely  for  the  con- 
venience of  passengers,  beiug  ma  le  of  greater  or  less  length  according  to  the 
Dainber  of  persons.  '  The  guidj  sits  in  firont,  at  /,  and  steers  by  means  of  a 
vheel,  o,  placed  horizontally,  as  in  Mr.  Gurney's  carriage ;  with  this  difference, 
:hat  instead  of  the  vertical  spindle  having  a  pinion  at  ^,  it  is  made  with  u 
lorizontai  drum  or  shive,  upon  which  the  middle  of  a  chain  is  fastened  ;  the 
inds  of  the  chain  are  attached  to  the  different  ends  of  the  fore-oxletree  in  such 
nanuer  that  one  or  other  of  the  fore-wheels  may  be  haided  forward  to  turn  the 
srria^e.  One  important  improvement  in  the  guide-motion  has  been  made  by 
kf  r.  Hancock,  which  is  by  means  of  a  friction-strap  or  band  at  t>,  passed  round 
.  nnall  friction  drum ;  the  guide  can,  by  pressing  a  pedal  with  his  foot,  tighten 
bn  band  on  the  drum  when  the  carriage  does  not  require  to  be  turned  out  of 
be  straight  course.  When  the  carriage  is  thus  held  in  its  b'ne  of  direction,  the 
luide's  hands  may  be  released  from  the  tillei^wheel,  o  ;  for  the  jolting  of  the 
rheels  over  rough  pavement  or  other  inequalities  of  a  road,  are  not  sufficient 
»  dip  Che  friction-band  In  case  of  reqmring  to  turn,  the  guide's  foot  is  either 
dmxed  or  taken  off  the  pedal,  and  the  tiller,  o,  worked  by  his  hands.  This 
aod  is  of  gpreat  importance  in  many  cases,  and  by  it  a  guide  with  feeble  arms 
my  steer  as  well  as  a  Hercules.  This  carriage  is  capable  of  carrying 
Ixteen  passengers,  besides  the  engineer  and  guide.  The  weight  of  it,  inclusive 
f  engines,  boilers,  coke,  and  water,  but  exclusive  of  attendants  and  passengers, 
I  about  three  and  a  half  tons. 

The  wheel  tires  are  3|  inches  wide.  The  diameter  of  hind  wheels,  4  feet. 
"he  width  of  tire  is  not  considered  by  the  patentee  to  be  so  objectionable  in 
raetice  as  it  might  be  considered.  This  he  accounts  for,  by  the  variable  nature 
r  the  roads ;  <*  a  broad  wheel  on  gravel  is  considered  to  be  an  advantage ;  it  is 
mrever  a  great  disadvantage  on  a  road  between  wet  and  dry ;  but  m  those 
tter  cases  we  have  always  an  overplus  of  power  (steam)  blowing  off  at  the 
ifeCj-yalve."  Blowing  off  steam,  either  from  the  safety-valve  or  from  the 
igines^  creates  no  nuisance,  because  it  is  injected  "  into  the  fire  in  every 
irection,"  and  so  destroyed.  The  carriage  can  be  turned  in  little  more  than 
n  leel^  and  stopped  in  much  shorter  space  than  any  horse-coach.  A  metallic 
uidt  pressing  upon  the  outer  part  of  tne  wheel,  is  applied  as  a  drag  or  brake 
hen  descending  hills.  In  slippery  roads,  or  steep  hills,  both  hind  wheels  are 
ninected  with  the  engine,  in  order  to  increase  the  adhesion  to  the  road  ;  but  in 
mend  one  driving  wheel  is  found  to  be  sufficient 

**  In  October,  1832,  Mr.  Hancock  determined  to  make  a  trip  to  Brighton. 
>u  Wednesday,  October  31,  this  steam  carriage  came  from  Stratford,  through 
te  streets  of  tne  city,  at  the  different  speeds  necessary  to  keep  its  place  behind 
:  before  other  carriages  as  occasion  required,  and  took  up  its  quarters  on 
faickfriars  Road,  to  prepare  for  the  following  day's  trial.  Accompanied  by  a 
ientific  friend,  a  distinguished  officer  in  the  navy,  I  joined  Mr.  Hancock's 
lends  on  the  next  mornings  making  eleven  passengers  in  all.  We  started  at 
HI  late  of  nine  miles  an  hour,  and  Kept  this  speed  until  we  arrived  at  Redhill, 
there  all  the  coaches  at  this  season  require  six  horses,)  which  we  ascended  at 
le  ipeed  of  between  five  and  six  miles  an  hour.  The  bane  of  the  journey  was 
B  insufficient  supply  of  coke  and  water ;  the  water,  indeed,  we  were  obliged  to 
aek  up  with  one  ox  Hancock's  flexible  hose  pipes,  at  such  ponds  and  streams 
I  we  could  find.  These  difficulties  delayed  tne  completion  of  the  journey 
nhwqiiently  performed  by  steam  in  less  than  five  hours)  till  next  day ;  but  on 
or  telum  our  speed  was  much  increased,  and  one  mile  was  accomplished  up  hill, 
t  the  speed  of  seventeen  miles  per  hour." — Elemental  Locomotion^  p.  111. 

**  Beverting  to  the  history  of  my  carriages,"  observes  Mr.  Hancock,  "  I  may 
MMDrfc  that  Sie  Infant  was  the  first  steam  carriage  that  ran  on  a  common  road 
m  fabe,  which  it  commenced  in  February,  1831,  between  Stratford  and  London, 
Id  on  which  duty  it  continued  several  weeks  in  regular  performance ;  but  as 
had  not  at  this  early  period  practised  any  person  in  steering,  and  my  presence 
ring  leqaired  at  home,  I  was  under  the  necessity  of  taking  it  oft*  the  road. 
his  carriage  was  also  the  first  one  that  steamed  through  the  public  streets  of 
e  city  of  liondou. 
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**  My  time  was  now  engaged  in  biiildine  a  powerful  carriage,  the  Era,  which 
1ms  only  worked  on  proof  on  the  roads  in  tne  neighbourhood,  and  been  once  « 
to  Windsor,  in  1832,  the  parties  for  whom  it  was  built  not  having  yet  come  to^ 
any  determination  upon  it. 

*<  A  steam  carriage  company,  *  The  London  and  Paddington,*  being  noi^i 
formed,  I  entered  into  agreement  to  build  three  carriages  for  them;  the  first  o^ 
which,  to  have  been  titled  the  Demonstration,  afterwards  altered  to  Enterpri*^^ 
was  put  to  work  between  the  City  and  Paddington,  in  April,  1833.     It  rau  fa»-| 
sixteen  succeeding  days,  and  pei  formed  more  than  was  stipulated  for ;  but  son^  « 
disagreement  led  to  the  dissolution  of  this  company,  and  the  EnUrprue  becsine 
mine  again  by  purchase,  on  the  company  winding  up  its  affidrs,  which  vos 
nearly  two  years  after  the  carriage  was  delivered  to  them ;  during  all  wbicli 
time  it  stood  in  an  open  yard,  belonging  to  the  company's  engineer,  serving  ihe 
office  of  a  model  for  him  to  build  another  carriage  oy. ' 

These  untoward  circumstances,  however,  only  served  to  renew  the  energies  of 
Mr.  Hancock,  who  busied  himself  in  completing  a  new  carriage  for  bis  own  use, 
which  he  significantly  denominated  the  Autopsy  ;  it  was  brought  upon  the  roaJ 
in  the  same  year  (1833),  and  commenced  running  for  hire  between  the  cityiod 
Islington,  in  October,  which  it  continued  till  the  end  of  November.  An 
engraved  representation  of  this  carriage  is  given  on  the  adjoining  page;  but  as 
it  may  be  remarked  that  the  introduction,  in  this  place,  of  a  carnage  built  in 
1 833,  does  not  accord  with  our  intended  chronological  arrangement,  it  b  proper 
we  should  explain,  that  tliis  carriage  contains  nothing  essentially  dimreot 
from  the  Infant,  and  that  it  can  only  be  regarded  as  a  second  and  more  splendid 
edition  of  that  carriage.  All  Mr.  Hancock's  subsequent  carriagei  are  bnilt 
upon  the  same  model  in  an  engineering  point  of  view ;  therefore,  to  keep  the 
history  of 'Mr.  Hancock's  locomotive  career  in  a  connected  state,  we  shall  bere 
insert  his  brief  account  of  all  his  carriages. 

<*  During  the  winter  I  built  the  Era  (now  the  Erin),  This  carriage  con- 
menced  running  for  hire  on  the  Paddmgton  road,  in  August,  1834,  oo  vbieb 
duty  it  continued  daily  in  company  with  the  Auiopsy,  for  upwardbi  of  tlote 
months,  when  I  took  them  off  in  order  to  repaint  and  embellisli  the  Sn 
with  appropriate  devices,  and  alter  its  title  to  Erin,  ready  to  fulfil  an  invitatioB 
that  I  had  received  from  some  gentlemen  at  Dublin,  who  were  deainui  of 
seeing  its  performances  in  their  city.  In  the  summer  of  this  vear  (1834)1 
built  a  drag  for  a  gentleman  at  Vienna,  for  which  place  it  was  shipped  is  Jolji 
afler  having  stood  satisfactory  tests  by  taking  it  on  different  road%  with  a  kadcd 
carriage  attached. 

"  At  the  latter  end  of  December  I  shipped  the  Erin  for  DubUn,  and  nm  it 
there,  and  in  the  vicinities,  during  the  greatest  part  of  Januaiy,  1835,  mwhli 
the  gratification  of  the  inhabitants,  it  being  the  first  that  bad  nm  in  tbt 
country. 

"  In  1 835  I  built  a  drag,  by  order,  for  Dublin,  which  has  given  mort  vAr 
factory  proof  of  its  power  and  efficiency,  but  which  is  still  upon  my  bandi> 

*'  Ehiring  Uie  year  1 835  I  also  brought  out  a  gig  calculatea  for  the  aujoiMW 
dation  of  three  persons.  I  have  run  it  repeatedly,  and  it  is  not  to  be  bdjncd 
by  any  but  those  who  have  travelled  by  it,  how  easy  the  motion  of  it  it;  I di 
not  know  the  limit  of  its  speed ;  probably  from  27  to  30  milea,  but  it  is  teUoB 
worked  more  than  17  or  18  miles  per  hour. 

'*  In  May  this  year  (1836)  I  again  put  the  carriages  upon  the  Stratfixdai 
Paddington  roads,  and  they  have  continued  running  daily  for  hire  up  to  At 
present  time  (October)  with  all  the  precision  and  success  that  oouU  k 
desired.  ] 

"  In  the  month  of  July  this  year,  a  new  and  powerful  carriage,  the  Aufam^^ 
was  brought  out,  and  has  taken  its  share  of  work  on  the  Paddington  road,  pv 
forming  witli  the  Infant  in  fine  weather,  these  being  both  open  carriage^  wlAt 
the  Erin  and  Enterprise  have  run  in  wet  weather. 

'*  To  avoid  confusion  in  my  narrative,  I  have  not  noticed  in  the  ordcr^ 
time,  many  journeys  which  the  carriages  huve   performed ;    I    might  ntme 
amongst  others,  that  the  Infant,  in  the  autumn  of  1832,  ran  to  Brighton,  the 
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first  steiiin  carriage  that  bad  been  scon  tbere ;  again  it  ran  there  in  the  sumnt^p 
uf  1 833,  us  did  also  the  Autopsy.     The  first  day  the  Automatim  was  worked,     i 
took  a  party  to  Kointbrd  and  back,  without  tne  snialieat  repair  or  altvratiorj 
bciu^  required ;  the  speed  was  from  10  to  12  miles  per  hour :  tliis  caniagc  has, 
within  the  last  fortnight,  run  twice  to  Kpping,  each  time  with  a  party  defirous 
of  witnessing  its  pcrforniancc  on  that  hilly  road ;  it  travelled  on  tho  ordiuar  v 
road  at  12  to  14  miles,  and  ascended  the  hills,  which  are  very  steep,  at  7  ur  5 
miles  per  hour.'*  (We  annex  u  representation   of   the  AutomatOHf  extracted 
from  the  Mechanist*  Ma^taitte,) 

**  The  carriages  have  all  proved  more  powerful  than  I  had  expected;  tlicfir>f 
time  I  was  forcibly  acquainted  with  this  fact  was  whilst  running  for  hire  in  the 
year  1834.  A  trifling  casualty  to  the  machinery  of  the  Autopt^  brought  it  tv 
a  stand,  and  the  Erm  was  fetched  to  its  assiistance,  when  it  towed  the  Aulnp^ 
up  Pentunville-hill  to  the  station  in  the  City -mud,  without  any  material  dimi- 
uution  of  its  speed*  although  this,  as  well  as  the  other  carriages,  had  only  bii-n 
calculated  to  carry  a  certain  number  of  paiisengcrs,  with  water  and  fuel  fur  ibc 
trip.  The  average  working  speed  of  all  the  carriages  is  from  10  to  12  luiltia]! 
hour,  though  tliey  may  be  pushed  far  beyond  this.  The  fuel  costs  about  two- 
pencc-half])enny  a  mile.  The  wear  and  tear  is  prhicipolly  confined  to  tin' 
boilers,  fireplaces,  and  wheels;  but  this  is  not  so  great  aa  might  be  expecti-d ; 
and  some  of  the  carriages  now  running  have  had  tlicir  boilers  in  nw  upvini^ 
of  two  years ;  when  they  are  worn  out  it  is  only  the  chambera  that  rei|uire 
renewing,  for  my  boilers  are  so  constructed  that  all  the  main  and  ezpeuivi; 
parts,  such  as  bolts,  stays,  &c.,  will  Ia:it  for  many  years,  and  wear  out  serenl 
sets  of  chambera.  As  to  the  machinery,  the  wear  and  tear  appean  to  be  ren 
trifling,  as  far  as  the  carriages  have  yet  performed  ;  they  na^e,  in  many 
respects,  actuallv  improved  :  and  even  the  Ittftatt,  which  has  been  lo  man} 
years  in  action,  is  in  as  goo.1  condiiiou  as  ever  it  was  in  the  original  parti  of  ib 
machinery. 

'*  It  may  be  readily  su])posed,  that  in  bringing  out  a  novelty  of  the  kind  now 
under  consideration,  and  putting  it  into  actual  and  etfective  operatiiHii  we  hare 
not  been  without  accidents  in  our  career,  but  are  huppy  to  say  they  have  ben 
few,  and  of  trivial  amount,  with  the  exception  of  one,  which  was  that  of  > 
workman,  who,  by  a  daring  of  the  most  imprudent  stamp,  caused  an  accident, 
which,  whilst  it  proved  the  genvMal  safety  of  n*iy  boiler,  I  regret  to  aay,  drprir»l 
him  of  life.  This  statement  was  fully  borne  out  to  the  satisfactioa  vf  tl>e 
coroner  and  jury. 

*'  I  will  now  describe  the  general  arrangement  of  my  carriages. 

'*  At  the  front  sits  tlie  steersman,  who  governs  the  way  and  speed  of  tllecs^ 
riage ;  behind  him  is  the  body  or  open  seats  uf  the  carriage,  whichever  lay 
be  its  build ;  at  the  back  of  the  body,  and  with  a  good  screen  or  paititioB 
between  it  and  the  p<issengers,  is  the  engine  room,  containing  a  pair  of  inrat^ 
engines,  working  direct  upon  the  crank  shaft,  from  which  motion  is  oomBMni- 
cated  to  the  axle  of  the  hind  or  working  wheels,  by  endless  chains  and  poOeji; 
adjoining  the  engine  room,  in  the  rear,  is  the  boiler,  with  the  fireplace  uinkr 
it.  A  lad  stands  behind  to  food  the  fire  as  the  carriage  proceeds ;  and  a  idx> 
competent  to  judge  of  the  workiiig  of  the  engines  and  machinery,  and  abo  Vt 
keop  them  oiled,  is  idways  in  the  engine  room,  whilst  the  carriage  is  workiof 
The  coke  is  contained  in  iron  boxes  at  the  buck  of  the  boiler,  and  the  water  for 
supplying  the  boiler  is  contained  in  tanks  under  the  seats  of  the  carriip^* 
The  fire  is  urged  by  u  revolving  blower  under  the  flooring  or  body  of  tht'  nf 
riuge. 

'*  In  conclusion,  I  will  give  a  list  of  the  carriages  1  have  built,  with  ^ 
number  of  passengers  they  are  each  calciUatcd  lo  accommodate ;  not  wbdt  tix? 
will  and  actually  have  carried,  for  this  has  sometimes,  on  particular  i^cvaf^' 
been  an  increase  of  50  per  cent. ;  as  nn  histance,  the  Aulojui/,  v>lnv  n^ 
running  to  Islington,  in  1833,  Ciirried,  on  two  or  tl.ree  trljis,  21  urL'-l"-"^"' 
ger.s,  though  its  com]>lemeiit  is  but  12. 


1,  Experimenlal  Cnrria^^e 
3.  Inftnt 

3.  Eta 

4.  EnlerpriM     .     .     ■     ■ 
fi.  Autopiy 

6.  Erin 

7.  Gernuui  Drag     ■     - 

8.  IrUIi  Jiiaif     .     .     .     . 
i>.  OiK 

ID.  Autuinalon    .     .     .     . 
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In  1833  Mr.  Hancock  took  out  a  patent  for  improvements  in  the  con- 
struction of  furnaces  to  boilers,  which  wul  be  found  described  in  its  proper  place. 

A  second  patent  was  enrolled  by  Mr.  Goldsworthy  Gumey,  in  April  1828, 
"for  improvements  in  locomotive  engines,"  of  which  the  following  is  a  correct 
account : — 

"  The  coachman,  or  conductor,  occupies  the  front  seat  over  the  fore  boot  of 
the  carriage,  the  lower  seat  being  removed.  The  fomr  chimneys  of  the  former 
carriage  are  substituted  for  a  single  one  of  great  width.  The  water-tank, 
instep  of  being  above  the  perch,  and  extending  the  whole  length  of  the  car- 
riage, is  now  placed  below  tne  perch,  and  lies  between  the  fore  and  hind  wheels. 
The  propellers  are  removed  entirely.  A  blowing  machine  is  introduced,  for 
maintaining  a  sharp  draught  in  the  fiimace,  which  is  worked  by  a  separate 
cylinder  from  those  employed  in  propelling  the  carriage.  A  mode  of  heating 
the  water  before  it  is  admitted  into  the  boiler,  and  an  additional  force-pump 
unconnected  with  the  engine,  to  be  worked  by  hand,  to  throw  in  an  increased 
supply  of  water  into  the  boiler,  whenever  needed,  are  also  adopted. 

"  llie  coach,  in  its  form  and  accommodation,  bears  a  close  resemblance  to  the 
stage  coaches  at  present  in  use.  It  has  a  fore  and  hind  boot,  on  which  are  seats 
for  the  passengers,  and  a  box  in  front  for  the  coachman,  with  room  for  a  pas- 
senger beside  him.  The  body  of  the  carriage  is  supported  upon  three  parallel 
perches,  extending  its  whole  length  ;  the  hinder  part  hangs  upon  springs,  fixed 
upon  the  perches,  immediately  over  the  axis  of  the  hind  wheels,  and  the  fore 
part  is  placed  upon  iron  supports  on  the  perches.  The  carriage  runs  upon  six 
wheels,  a  small  pair,  called  the  pilot  wheels,  being  placed  in  front  for  guiding 
the  vehicle ;  these  are  connected  to  the  ordinary  fore  wheels  of  the  carnage  by 
a  small  curved  perch,  whicli  admits  the  axle  of  the  former  being  placed  oblique 
to  the  latter,  by  turning  of  a  lever,  fitted  on  to  the  upper  extremity  of  an 
upright  spindle,  which  is  attached  to  the  axletree.  The  hinder  extremity  of 
this  small  perch  is  attached  to  an  iron  frame  supported  upon  springs,  that  are 
fixed  on  the  axletree  of  the  fore  wheels ;  a  little  before  tne  aiuetree,  a  strong 
pin  passes  through  the  small  perch  and  the  centre  main  perch,  which  serves  as 
a  centre  of  motion  to  the  small  perch,  so  that  the  pilot^wheels  bein?  placed 
obliquely,  the  perch  turns  upon  the  pin,  and  the  fore  wheels  of  the  carnage  with 
it  when  not  acted  upon  by  the  steering  lever,  the  pilot-wheels  are  maintained 
at  right  angles  to  the  perch  by  means  of  springs. 

"  The  blowing  machine  is  placed,  as  before  mentioned,  in  the  fore  boot ;  it  con- 
sists of  a  fly  of  five  vanes,  that  revolve  on  a  vertical  spindle,  similar  to  a  win- 
nowing machine,  but  in  a  reversed  position ;  this  apparatus  is  worked  by  a  small 
horizontal  steam  cylinder  placed  beneath,  on  the  u*ame  of  the  carriage.  The 
piston  rod  of  this  cylinder  is  connected  to  a  crank  on  the  axis  of  a  ny-wheel, 
revolving  in  a  horizontal  direction  above ;  and  to  the  same  crank  is  attached, 
by  an  intermediate  rod,  the  plunger  of  the  force-pump,  which  injects  the  water 
into  the  boiler.  The  steam-engine  thus  drives  the  blowing  machine  and  the 
force-pmnp,  the  fly-wheel  serving  to  equalise  the  motions  of  both.  Tlie  con- 
nexion between  the  blowing  macnine  and  this  steam  cylinder  is  thus  arranged: 
on  the  vertical  axis  of  the  fly-wheel  are  flxed  small  band-wheels  or  pulleys,  of 
different  diameters,  and  on  the  vertical  spindle  of  the  blowing  machine  are  fixed 
other  pulleys,  which  being  connected  to  the  former  by  an  endless  band,  are 
driven  round  with  them  ;  the  varied  sizes  of  the  pulleys  enabling  the  engineer 
to  force  the  air  through  the  machine  with  any  required  rapidity.  The  air  enters 
the  blowing  machine  at  the  bottom  of  the  circular  box,  wnerein  the  vanes 
revolve,  and  is  forced  out  at  the  side  into  a  broad  flat  tube,  called  the  '  air 
passage,'  which  leads  under  the  body  of  the  coach  into  the  ash-pit  of  the 
lumace. 

"  This  boiler,  which  is  placed  in  tlie  hind  boot,  consists  of  two  or  three  series 
of  pipes  of  an  inch  bore,  oent  into  the  form  of  a  horse-slioe,  and  supporting 
the  fire-grate  at  their  upper  and  flower  extremities,  with  two  horizontal  tubes 
of  larger  dimensions,  into  which  the  open  ends  of  the  before-mentioned  smaller 
bent  tubes  enter  and  are  flxed;  and  the  twolaree  horizontal  tubes  are  connected 
by  a  scries  of  ten  open  verticaJ  pipes.     The  wnole  of  tlie  bent  tubes,  the  lower 


RAILWAYS.  497 

itra^ht  horizontal  tube,  and  the  half  of  the  upper  one,  (which  may  be  termed 
%  steam  reservoir,)  are  kept  filled  with  water.  From  the  top  of  the  steam 
ehamber  proceed  two  curved  pipes,  which  enter  two  large  vertical  tubes  of  strong 
plate-iron,  strengthened  by  hoops  externally ;  these  last  are  called  teparatort  ; 
tbey  communicate  at  their  lower  ends  with  the  boiler,  and  at  their  upper  ends 
by  a  connecting  tube,  from  which  a  branch  enters  the  chimney,  and  passing 
over  the  top  and  down  the  back  of  the  furnace,  is  carried  through  the  air  pas- 
aige,  along  through  the  fore  boot,  and  back  a^ain,  as  far  as  the  centre  of  the 
earriage,  where  it  is  connected  with  two  horizontal  cylinders,  firmly  seciu'ed 
between  the  main  perches,  and  serving  to  give  motion  to  two  cranks  on  the  axis 
of  the  hind  wheels,  by  which  means  the  carriage  is  impelled. 

''The  steam  is  worked  expansively,  beine  shut  off  at  naif  the  stroke  by  means 
of  a  slide  valve,  the  rod  of  which  is  worked  by  a  cam  on  the  axis  of  me  hind 
vheels.  The  slide  valves,  by  which  the  steam  is  admitted  to  the  cylinders,  are 
worked  by  a  lever,  on  the  axis  of  which  is  fixed  an  elliptical  rmg ;  and  to 
reyerse  the  motion,  a  line  is  attached  to  the  rod,  and  placea  within  reach  of  the 
soachman ;  by  pulling  this  line,  the  pin  is  brought  into  the  upper  notch,  and 
the  motion  of  tne  carriage  thereby  reversed. 

>'  Beneath  the  main  perches  is  placed  the  tank,  for  the  supply  of  the  boiler; 
t  communicates  (by  pipes  from  its  lower  part)  with  the  force-pump  beneath 
iie  fore  boot,  and  also  with  a  small  forcer  placed  within  reach  of  the  fireman 
who  aits  behind  the  boilers  Immediately  above  the  tank  is  a  flat  vessel 
Inroo^  which  the  steam  passes  tcom  the  eduction  pipe,  and  thence  by  another 
ripe  mto  the  chimney. 

''The  pipe  from  the  force-pump  passes  through  the  aii>chamber,  and  forming 
i  eoil  above  the  horse-shoe  tubes,  delivers  the  water  into  the  upper  part  of  the 
team  chamber/  The  supply  from  the  pump  may  be  diminislied  by  partially 
ipening  a  tmaU  cock,  which  allows  a  portion  of  water  to  return  to  the  tank. 

"  Any  part  of  the  preceding  account  that  may  appear  abstruse  to  the  reader, 
lin  be  rendered  perfectly  clear  by  an  inspection  of  the  vertical  section  of 
he  machine,  represented  on  the  next  page,^together  with  a  reference  to  the 
oUowing  explanatory  letters. 

"a  a  a,  a  series  of  small  tubes,  in  two  or  more  ranges,  fbrming  the  boiler,  the 
BtMior  range  serving  to  support  the  fuel ;  these  tubes  are  connected  with  b  b, 
wo  larger  tubes,  the  upper  one  forming  a  steam  chamber;  c,  one  of  a  raii£;e  of 
nbes  connecting  h  h  together ;  d,  one  of  the  two  separators,  connected  wim  b  b 
ff  two  curved  pipes;  eee,  steam  pipe  proceeding  from  the  upper  part  of  tlie 
•pantor,  and  passing  down  through  the  chimney  and  beneath  the  body  of  the 
■triage  into  the  fore  boot,  whence  it  descends  to  /,  the  cylinders  which  propel 
be  caniafe  by  means  of  cranks  y,  on  the  axis  of  uie  hind  wheels ;  A,  an  eccen- 
rie,  which  works  the  slide  valve  t  by  a  lever  turning  on  its  centre,  and  to  the 
fiireiuities  of  which  lever  an  elliptical  ring  k  b  attached;  //a  line,  fastened 
i^ene  end  to  an  eccentric  rod,  and  at  the  other  end  to  a  short  lever  in  the  fore 
Mot^  which  may  be  elevated  by  means  of  the  lever  m  ;  this  raisine  the  cccen- 
lie  nd,  causes  the  pin  in  its  extremity  to  act  upon  the  upper  sioe  of  k^  and 
tim  reverses  the  motion  of  the  carriage ;  n,  lever  for  regulating  the  throttle- 
nh9  o ;  Pf  eduction  pipe,  opening  into  a  flat  chamber  q  in  which  the  steam 
VBfnd»f  and  thence  passes  through  the  waste  pipe  r  r  into  the  chimney  ts;  t, 
tapk  for  water ;  a,  force-pump,  supplied  by  the  suction-pine  v,  and  forcing  the 
VMir  throDgh  the  pipe  x  x  x,  (which  forms  a  coil  above  tne  boilers,)  into  the 
tvUur  boilers  aaa ;  y,  a  stop-cock,  by  which  the  supply  from  the  force-pump 
^  KKolated,  any  requisite  portion  being  allowed  to  return  into  the  tank ;  z  seat 
^  me  fireman ;  !>  a  blowing-machine,  or  frame  driven  by  bands  from  the 
Uii  of  die  fly-wheel  2,  which  is  worked  by  a  small  engine  3,  serving  also  to 
Vvk  the  force-pump  u;  44  4,  steam-pipe,  supplying  uie  engine  3 ;  5  5,  air- 
chiuel,  leading  from  the  blower  to  die  furnace ;  6,  guide-wheels,  which  may 
^  plaosd  obliquely  to  the  perch  8,  by  the  lever  7 ;  9,  centre  of  motion  on 
iltth  the  perch  8  turns,  thus  turning  the  fore-wheels,  on  the  axis  of  which  are 
pri^gs  that  support  the  fore  part  of  the  coach ;  11,  force-pump,  to  supply  the 
ioilsr%  in  case  uie  water  is  too  low  to  be  worked  by  the  fireman." 

fOL.  II.  3    R 


Th«  mnldftrioi's  and  tuineMUuy  contriTonoes  in  Ai«  mppmim  fc 
remindi  n*  of  the  mui  who  einplojM  a  veiy  common  machino  m  hs  M 
but  who  (being  ■  "  geniu*  ")  took  it  into  hu  head  to  ^Mgt6»t  tbe  ^fli> 
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I  working  parts,  bv  the  addition  of  a  great  number  of  wheels  and  pinions,  that 
t  might,  through  their  instrumentality,  make  a  noise  in  the  world.  Although 
e  preceding  sectional  drawing  exhibits  a  faithful  and  clear  outline  of  the 
miraculous  mvention,"  there  are  of  course  many  subordinate  parts  which  are 
it  introduced,  to  avoid  a  confusion  of  lines  in  the  figure ;  enough  are,  bow- 
er, left  to  surprise  every  mechanical  reader,  that  such  absurd  additions  should 
er  have  entitled  the  author  to  the  adulation  of  the  press,  and  of  some  of  our 
st  parliamentary  orators.  It  would  be  a  waste  of  time  to  do  more  than  just  draw 
»  reader's  attention  to  a  portion  of  the  **  happy  series.''  First  and  foremost 
3  the  *' pilot- wheels," 'already  noticed  in  a  previous  page;  next,  under  the 
■e  boot,  u  exposed  to  the  admiring  gaze  of  tlie  multitude  a  pretty  little  steam 
giue,  with  all  appurtenances  thereunto  belonging,  employed  to  raise  the  wind 
i  both  senses  of^  the  term)  and  to  cool  the  steam  pipe ;  which  pipe,  it  will  be 
■erved,  afler  proceeding  from  the  separators,  makes  a  flourish  over  the  boiler 
^t  a  little  warmed,  then  descends  in  a  graceful  curve  under  the  body  of  the 
rria^e,  and  through  the  cold  air-trunk,  to  get  a  little  cooled  in  its  complaisant 
imey  to  the  coachman's  feet :  hence  it  makes  a  ditour  amongst  the  fanners, 

order  that  the  steam  may  be  sufficiently  condensed  to  run  down  into  the 
g^esy  which  are  placed  in  the  coolest  possible  situatioui  except  when  they 
ppen  to  be  covered  with  the  non-conducting  substances  of  quartz,  silex, 
apar,  and  mica,^gathered  from  the  road !  It  was  for  such  patented  contrivances 
tnese,  and  those  before  described,  that  Mr.  Gurney,  or  his  friends  in  parliament, 
o^fat  to  obtain  an  extension  of  his  patent  rights  or  a  compensation  in  money 
'  giving  the  public  the  entire  benefit  of  his  *'  sublime  inventions !"  On  the 
ter   proposition  we  have  never  made  a  sinele  remark,  nor  is  it  our  intention 

do  so ;  but  of  the  former  we  cannot  resist  the  expression  of  our  rooted 
UTiction,  that  an  extension  of  Mr.  Gumey's  patents  is  unwished  for,  even  by 
maelf^  because  there  is  not  a  single  contrivance  of  the  whole  ^  happy  series ' 
hich  any  msctoiie  would  be  mad  enough  to  use,  or  rather  try  to  use,  were 
key  freely  oflfered  to  him. 

To  render  more  useful  the  establishment  of  a  railroad  through  a  broken 
Dontry,  it  has  been  a  desideratum  to  construct  a  carriage  which  shall  move 
rith  as  much  facility  upon  a  serpentine,  or  curved,  as  on  a  straight  road ;  and 
t  the  same  time  not  to  lose  the  peculiar  advantages  which  the  common  method 
f  fixing  the  wheels  on  the  axis  possesses.  It  is  also  desirable  to  lessen,  if 
ossible,  the  amount  of  friction,  by  means  not  too  complex.  These  two  ends, 
(r.  William  Howard  proposed  to  uttain  in  the  construction  of  carriaffes  upon 
le  following  principles : — *<  First,  the  connexion  of  the  two  beds  of  toe  axles 
t  a  point  equidistant  from  each ;  and  in  the  same  manner  the  connexion 
etveen  the  mnd  bed  of  one  waggon  and  the  fore  bed  of  that  following  it ;  or 
i«  fore  bed  of  the  leading  waggon  with  any  system  of  guide-wheels,  so  that 
M»  wheels  not  only  of  one  waggon,  but  of  a  train^  will  follow  one  another  in 
te  lame  curve,  without  more  lateral  friction  than  when  on  a  straight  line, 
^oond.  The  making  of  the  axle  revolve  in  its  journals,  and  at  the  same  tims 
^'^dering  either  one  or  both  wheels  capable  of  revolving  independent  of  the 
^^  as  in  a  common  carriage.  Thiro,  the  application  of  a  simple  friction- 
■^«d  to  diminish  the  friction  of  the  axis  upon  its  journal."  Mr.  Howard 
?^t  proceeds  to  explain  these  principles  in  detail.  First, ''  If  there  be  a  track 
^  railroad  of  a  circular  form  and  we  wish  a  carriage  to  move  on  it  without 
^^til  fKction,  the  planes  of  the  wheels  must  be  paraBeJ  to  the  tar^ents  of  the 
^^^  elides  at  the  points  where  they  rest  on  them,  and  each  axle,  consequendy,  in 
Erection  of  tiie  radius  of  the  circle.  To  find  the  point  at  which  the  ajde 
be  connected  to  produce  this  efiect,  draw  a  perpendicular  firom  the  middle 
^   fBsch,  and  the  intersection  of  these  two  perpendicular  lines  will  be  the  point 

jukction  required.  The  advantage  of  tnis  over  the  common  construction  is 
^^  there  the  pivot  of  the  beam  connecting  the  axles  is  on  the  foremost  axle, 
^  consequently  in  turning,  the  hind  wheels  do  not  follow  the  tracks  of  the 
f^most  ones,  but  describe  a  curve  of  smaller  radius,  causing  great  lateral 
ll^tloD  on  the  rails.  Second,  The  principle  of  making  the  wheels  revolve 
'^  or  wltboiit  the  ajdes  in  the  present  case,  ia  to  secure  the  advantages  of  thp 
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axle  generally  revolving  with  the  wheeli,  and,  at  the  same  time,  to  pennit 
one  wheel  to  revolve  faster  than  its  fellow,  when  moving  on  a  curved  part  of  tbi 
road.  The  trifling  relative  improvement  which  this  would  produce  between  tbe 
axle  and  the  wheel,  would  admit  of  these  beinff  adapted  with  considerable  exactnen. 
Third,  In  the  application  of  the  friction-wneels,  instead  of  an  axle  resting  on 
the  summit  of  a  wheel,  as  is  the  usual  method  of  application,  and  the  only  one 
known  to  the  inventor,  the  wheel  with  its  load  is  here  made  to  rest  upon  the 
axle.  According  to  these  principles,  the  combination  of  which  into  a  railway 
carriage  forms  the  ground  of  a  patent  granted  to  Mr.  Howard,  the  construction 
is  to  be  as  follows : — 

"  The  size  of  the  wheels,  their  distance  apart,  and  the  distance  betweea  the 
axles,  are  in  the  common  proportions  used  in  railway  carriages.   The  conneetiBg 
beam  between  the  fore  and  hind  axles,  is  fastened  firmlv  thereto  by  jaws  cr 
frames,  to  prevent  lateral  motion.    This  beam  is  divided  m  the  centre,  betwcci 
the  axles,  one  end  haviuff  a  tooth,  and  the  other  a  socket,  cut  of  the  epiCTcIdd 
form,  to  keep  the  point  of  action  at  an  equal  distance  from  the  centres  of  Mch 
axle.    The  axles  are  kept  together  by  fastening  the  body  by  bolts  to  the  bedi 
resting  upon  each.    Another  method  of  construction  is,  to  extend  the  bein 
from  3ie  nind  axle,  until  the  end  of  it  rests  upon  the  bed  of  the  fore  sik^ 
while  the  beam  from  the  fore  axle  reaches  to  a  short  distance  only  behind  tbe 
central  point  of  action.    A  bolt  then  passed  through  the  centre  of  the  hifld 
firame,  and  the  end  of  the  fore  frame,  and  equi-distant  from  the  axlea,  fonni 
the  pivot  or  point  of  action  between  them.   In  this  case,  the  waggon  is  fasteaed 
firmly  to  the  hind  bed  only,  and  to  the  extremity  of  the  hind  beam,  which  reiti 
on  the  fore  bed,  which  is  made  to  traverse,  laterally,  more  easily  by  a  naiH 
roller  upon  a  curved  strip  of  iron.    The  friction-wheels  are  contamed  between 
upright  stands  or  supports,  of  cast  or  wrought  iron ;  each  wheel  having  one  oo 
each  side,  connectea  at  the  top  by  a  bolt  and  nuts,  and  having  jaws  at  the 
bottom,  wide  enough  to  admit  toe  axle  in  contact  with  the  friction-wheel;  each 
pair  of  friction-wheels  is  connected  bv  iron  bars  passing  through  each  arm  of 
the  jaws  of  the  supports,  and  secured  by  nuts :  between  these  ban  the  axlo 
revolves,  and  the  oars,  rising  above  the  axle,  receive  the  beam,  and  form  the 
fore  and  hind  bends,  to  which  the  frames  of  the  beam  are  securely  nutted. 
To  obviate  the  little  friction  which  may  arise  from  the  centre  of  the  fiictioa- 
wheel  being  directly  above  the  centre  of  the  axle,  it  may  be  placed  a  little 
obliquely,  and  a  small  friction-roller  used  in  one  of  the  arms  of  the  jawi,  to 
destroy  the  additional  friction  there.    The  axles  have  two  shoulders  at  each 
end,  one  of  which  supports  the  wagcon  wheel,  and  is  either  firmly  fixed  to  it, 
or  only  secured  by  a  hnch-pin,  and  the  other  revolves  upon  the  friction-wheel 

"  Inese  principles  are  not  new,  but  the  combination  of  them  into  a  railwty 
carriage  is  new,  and  entitles,  the  inventor  believes,  that  his  inventioo  b* 
secur^  by  patent  The  peculiar  application  of  friction-wheels  is  also  neW|  uA 
claimed  as  original." 

J^ff,  1,  (aee  opposite  page,)  represents  a  perspective  view  of  the  whole  ctf* 
riage,  with  its  friction-wheels  attached. 

jrkr.  2,  represents  the  plan  of  the  waggon,  showine  particularly  the  msniK' 
in  which  the  beds  of  the  two  axles  are  connected,  a  is  the  iron  waggon  wheel 
made  as  usual,  except  that  it  is  arranged  so  as  to  turn  on  the  axle,  to  which  i 
is  secured  by  the  hnch-pin  6,  or  any  other  contrivance,  c  is  a  whed  bd 
upon  the  axle,  as  in  the  common  radroad  carriage,  d  dj  the  frictko  wbeci^ 
moving  upon  the  axles  e  e,  and  supported  by  the  supports  f  f,  1^ 
whole  of  these  parts  are  of  wrought  or  cast  iron,  and  the  names  aif 
secured  together  by  screws  and  nuts,  so  as  to  keep  them  solid,  and  as  i^wB  JB 
the  figure  ^,  one  of  the  bars  connecting  the  two  frames  together,  and  secured  i> 
like  manner,  h  and  i  are  the  two  fhimes  by  which  the  two  beds  are  connected 
by  a  bolt,  at  the  point  k,  equi-distant  from  the  centre  of  each  azletree;  the 
frame  i  c^f  the  hind  bed  is  prolonged,  and  rests  on  part  of  the  fhune  k 
immediately  over  tlie  fore  axle,  the  motion  of  its  ena,  laterally,  being  6e^ 
litated  hy  a  small  roller  at  /. 

**  If  It  be  fpund  objectionable  to  place  the  body  of  the  waggon  entireff 


oar  Blmoaphere  Iiai  been  often  propoaed  to  be  employed  for 

ji  fixed  ei^iinet.     The  fint  prmodtioii  UiRtve  can  recollect 

fa)  A  patent  granted  in  1709,  to  Hie  late  Mr.  Oeoige  Medhunt,  entitled  "  ■ 
bonng  wind-engine,  capable  of  being  applied  to  ul  kindi  irf  putpoaea,  in 
li  rtcam,  water,  wind,  or  borsea  toe  eniploved."  It  doea  not  ^ipear,  from 
jM^Sca^on  of  the  patent,  that  he  appUed  hii  invention  to  tbe  pnmulnon 
■nluM;  tboogb  we  have  heard  it  itated  that  he  did  lo  applj  it.  He 
ribco  hia  invention  to  conuat  in  "  condenung  Ibe  air  of  the  atmoapbera  in 
BM  and  eloae  veuel,  which  I  call  the  magaiine,  bv  meant  of  a  wmdmiU, 
I  lo  nuke  it  from  ten  (o  twenty  timea  more  denae  than  it  ia  in  ita  natural 
^  Seeondljr,  1  conduct  that  denae  air  from  the  magaiine  throogh  ■  up^ 
■•  tof  of  a  cylinder,  where  it  acta  upon  a  piaton,  bj  ita  elaatidty,  without 
lid  ctf  fire,  and  by  tbeie  meana  keepi  the  machiae  in  coDitant  modon  lor  a 
oned  to  the  capacity  of  Uie  magasine,  though  the  wind  do  not 
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blow.    The  object  of  my  invention  is  to  accumulate  and  preaerre  the 
power  which  the  wind  prodnces,  so  that  it  may  be  applied  to  machinery 
produce  an  uniform  and  regular  motion  whenever  it  is  wanted."    The  ingenio^^ 
mventor  then  proceeds  to  describe  his  condensing  mechanism^  and  the  coq. 
struction  of  his  vessels  for  containing  the  condensed  air.    But  as  no  particulir 
objects  are  specified  for  its  application  (except  cursorily,  the  raising  of  water,) 
it  would  be  out  of  place  here  to  enlarge  on  the  subject ;  and  our  only  reason 
for  noticing  it  now,  is  to  show  what  degree  of  originality  appertains  to  the 
next  invention  we  have  to  introduce  to  the  reader's  attention. 

This  was  the  subject  of  a  patent  granted  to  Charles  C.  Bombaa,  Esq.  It  wu 
especially  designed  for  the  propulsion  of  carriages  or  boats,  and  is  dated  the 
29th  of  April,  1828.  The  patentee  specifies  it  as  consisting  in  the  condemiDg 
of  atmospheric  air  or  gas  in  strong  cvlindrical  reservoirs  having -spherical  endi; 
whence  it  b  to  be  discharged  through  proper  valves  and  tubes  into  a  cylindei^ 
where  it  is  to  operate  upon  a  piston  in  the  same  manner  aa  izi  steamrenginO) 
and  communicate  motion  to  the  wheels  of  a  carriage,  or  the  paddles  of  a  bott. 
The  vessels  to  hold  the  condensed  air  or  gas,  are  proposed  to  be  from  12  to  18 
inches  in  diameter,  and  of  as  great  length  as  can  be  conveniently  stowed,  or 
removed  into  or  out  of  the  vehicle,  from  or  to  the  stations  which  it  is  propotcd 
to  establish  along  the  line  of  road  whereon  the  traffic  takes  place,  for  the  pin^ 
pose  of  receiving  the  exhausted  vessel,  and  supplying  a  cnarged  one  in  ill 
place ;  which  it  is  proposed  shall  contain  from  30  to  150  atmospheroa.  Tfao 
particular  construction  of  the  engine  and  machinery  of  the  carriage  are  sot 
eiven  ;  but  it  is  directed  on  the  plan  of  the  high  pressure  steam  engme,  and  to 
be  worked  expansively. 

An  efficient  mode  of  workinj^  an  engine  with  an  uniformity  of  force^  ky 
means  of  a  fluid  that  is  constant^  diminishing  in  its  elasticity,  is,  we  behefc,  s 
problem  not  yet  solved.  Another  patent  for  precisely  the  same  object  si  BIr. 
Bombas's,  was  granted  on  the  1st  of  June  following,  to  Afr.  W.  Mann,  of 
Effira-road,  Brixton,  Surrey,  who  was  of  course  uninformed  at  the  time  of  bii 
havine  been  anticipated.  Nevertheless  Mr.  Mann  pursued  bis  ondeitakiB^ 
publisned  a  pamphlet  descriptive  of  his  plans,  accompanied  by  drawingi,  asd 
endeavoiu'ed  to  raise  a  company  to  carry  his  project  into  operation.  Wbitbff 
he  actually  carried  it  experimentally  into  practice  we  are  uncertain,  but  s 
drawing  of  the  carriage  and  reservoirs  of  compressed  air  are  given  in  the  5tb 
Vol.  N.  S.  of  the  Register  ofArU:— 

*'  Mr.  Mann  proposes,  like  his  predecessors,  to  employ  a  seriea  of  ftffK% 
metallic  recipients,  similar  to  the  C3rlindrical  vessels  usea  for  portable  gai)  inti 
which  thirty  or  more  atmospheres  are  to  be  condensed  by  the  power  ofaitesm' 
engine,  water  mill,  or  other  adequate  prime  mover.  A  sudmcient  number  d 
these  vessels  are  stowed  in  a  case  adapted  for  the  purpose,  which  is  to  be  ined 
underneath  the  carriage ;  a  tube,  communicatinfi;  with  all  the  redpienti,  it  ^ 
convey  the  compressed  air  to  two  working  cylin&rs,  havine  the  apparatDieoB' 
mon  to  high  pressure  steam-engines,  the  piston  rods  of  which  wiU  give  molioa 
to  a  crank  on  the  axis  of  the  hind  runnmg  wheels.  It  is  proposed  to  tnA 
expansively,  and  to  vary  the  cutting  off  the  stroke,  according  to  the  dsgRO  d 
elasticity  of  the  air. 

"  The  velocity  Mr.  Mann  proposed  to  travel,  was  14  miles  in  the  boiir,«bieb 
he  calculates  will  require  2000  cubic  feet,  of  the  natural  density,  to  propd  • 
carriage  weighing,  with  its  load,  two  tons.  When  the  roads  are  in  a  bod  ititi^ 
it  is  intended  to  charge  the  vessels  with  a  greater  number  of  atmospheres,  0 
overcome  the  increased  resistance. 

"  The  patentee  states,  that  the  carriage  is  constructed  (?)  to  carry  75  eubie  fitt 
of  compressed  air,  which,  at  a  density  of  thirty-two  atmoapherea,  is  wdBeeA 
to  propel  it  14  miles ;  and  if  the  air  were  compressed  to  be  equal  to  48  stai' 
spheres,  that  quantity  would  propel  the  carriage  23  miles;  and  if  to04slBi' 
spheres,  34  mues.  The  average  cost  of  the  power  is  calculated  at  one  vsttj 
per  inile ;  that  is,  if  a  steam-engine  be  employed  to  e^ct  the  compRSOOB  ef 
the  air  into  the  recipients,  the  cost  in  coab  of  such  steam  power,  to  coadenie  i 
▼olume  of  air  sufficient,  by  its  subsequent  expansion,  to  propel  a  earrisge  obi 
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mile,  is  one  penny.  Mr.  Mann,  however,  must  know  that  this  would  only  form 
one  item  in  tlie  expense  of  working  a  carriage.  The  proposition  of  propeUing 
by  a  process  of  this  kind,  is  certainly  specious ;  but  those  who  have  given  the 
fubject  their  best  attention,  consider  that  no  practical  means  have  yet  been 
devised  to  compensate  for  the  constantly  decreasing  expansive  force  of  the  air 
in  the  recipients." 

A  suspension  railway,  combining  the  characteristic  features  of  Mr.  Palmer's 
and  Mr.  Fisher's,  previously  described,  was  patented  by  Mr.  Maxwell  Dick,  of 
Irving,  in  Ayrshire,  on  the  21st  of  May,  1829  ;  doubtless,  in  ignorance  of  those 
precedents,  as  we  were  personally  assured  by  the  latter  patentee.  The  chief 
object  of  this  gentleman  was,  as  is  stated  in  the  title  of  his  patent,  **  for  the 
conveyance  of  passengers,  letters,  intelligence,  packages,  and  other  eoods,  with 
preat  velocity.  The  means  which  he  adopts  for  this  purpose,  are  designed  to 
obviate  the  necessity  and  enormous  expense  of  cutting  and  embanking  resorted  to 
on  railways  of  the  ordinary  kind.  The  rail  is  supported,  like  Mr.  Palmer's,  upon 
vertical  pillars,  but  carrying  a  double  track  for  the  carriages,  like  Mr.  Fisher's. 
Mr.  Dick  has,  however,  added,  what  he  denominates  ''  safety  rails,"  one  on  each 
side  of  the  track,  against  which  anti-friction  wheels,  attached  to  the  carriages, 
are  made  to  act,  in  case  of  the  carriages  receiving  from  any  cause  an  impulse  up- 
wards. The  patent  likewise  embraces  a  curious  combination  of  wheel-work,  for 
communicating  a  high  velocity  to  the  carriages.  A  large  and  well  constructed 
working  model  of  this  invention  was  publicly  exhibited  for  several  weeks  at 
Charing  Cross,  London,  in  1830,  and  drew  crowds  of  visitors,  who  were  surprised 
and  delighted  at  the  velocity  with  which  the  carriages  darted  along  the  wire 
rails  across  the  room,  by  the  application  of  a  smaU  force.  The  notoriet3rof 
this  invention,  as  well  as  the  capability  of  its  being  usefully  applied  under 
many  circumstances  and  situations,  for  light  loads  at  high  velocities,  seems  to 
require  from  us  something  more  than  this  brief  historical  notice.  Accordingly 
we  proceed  to  give  a  few,  out  of  the  many  details  and  modifications,  which  the 
prolific  mind  of  the  inventor  has  thrown  together  in  his  specification.  From 
this  document  we  learn  that  the  patentee  especially  designed  his  invention  for 
traversing  undulating,  rugged,  and  abrupt  ground,  the  crossing  of  rivers,  mosses, 
marshes,  &c.  Pillars  are  to  be  erected  of  brick  or  stone  with  lime,  at  given  dis^ 
tances  apart,  suppose  fifty  yards ;  between  each  of  these  may  be  placed  four  or 
five  cast  metal  pillars,  according  to  circumstances,  for  bestowing  the  requisite 
stability  and  keeping  the  rail  free  from  undulations.  On  the  top  of  each  of 
the  pillars  is  to  be  fastened  a  frame,  to  which  the  rails  are  to  be  secured,  and 
to  tne  frames  are  connected  grooved  fViction  wheels  or  pulleys,  between  which 
the  drag-line  is  conducted.  The  rails  are  to  be  made  of  the  best  wrought  iron, 
such  as  is  used  for  chain  cables,  and  they  are  to  be  duly  connected  together  in 
great  lengths,  and  secured  to  the  frames  in  such  manner  as  to  make  the  top  sur- 
face smooth,  and  free  from  all  obstruction  to  the  motion  of  the  carriages. 
Between  each  firame  there  are  to  be  introduced  three  or  four  cast-iron  braces, 
to  prevent  vibration  and  stiffen  the  structure.  The  method  proposed  for 
dragging  the  carriage  along  the  railway,  is  by  fixed  or  stationary  engines  acting 
with  drag-lines  or  ropes  attached  to  the  carriage,  which,  if  the  railway  be  double, 
(as  in  the  subjoined  illustration)  will  act  in  an  endless  round ;  but  if  the  line 
of  railway  be  single,  then  the  engine  will  be  interchangeable  and  reciprocal. 

Fig.  I. 


FSg,  1  represents  a  stde  elevation  of  one  span  of  a  double  suspension  railway, 
tnpported  at  the  extremities  by  a  pier  of  masonry,  dd,  and  at  equal  distances  by 
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(bur  east-metal  pillars  eeee.  a  is  the  upper  or  '*  bearing  rail  ;**  b  the  lower  or 
"  safety  rail,"  which  are  bound  together  by  intermediate  stay  braces,  better 
shown  on  a  larger  scale  at// in  figures  2,  3,  and  4. 

Fiff.  2  shows  a  front  elevation  of  a  frame  ccc,  for  a  double  line  of  rail,  with 
a  carriage  on  one  of  them  at  ff.  The  letters  of  reference  in  this  figure,  as  in 
all  the  others,  designate  similar  parts ;  it  therefore  need  only  be  said,  that  the 
stay  braces //are  seen  in  section  between  the  rails  a  b. 

Fig.2. 


^^ 


Fig,  3  gives  a  side  elevation  of  a  carriage  on  a  portion  of  rail;  AAA  being 
tlie  running  wheels,  and  i  i  i  the  anti-friction  rollers,  whichprevent  the  ctrria^ 
from  being  thrown  off  the  railway.  An  examination  of  Fig.  2,  which  ediibiti 
the  end  view  of  this  carriage,  will  fhlly  explain  its  form  and  constm^on. 

Fig,  4  is  a  perspective  sketch  of  one  of  tne  stay  braces  on  a  larger  scale  The 
expense  of  one  mile  of  railway  on  this  principle  is  calculated  at  1395iL  lOt.6^ 
The  advantages  contemplated  are  statea  by  Mr.  Dick  as  follows :  "  Id  die  fint 
place,  as  vou  save  distance,  so  do  you  save  time;  which  all  must  admit,  tibst  in  t 
commercial  as  well  as  in  a  political  point  of  view,  is  of  the  utmost  importance- 
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The  suspension  rail  takes  a  straightforward  point  from  one  town  to  anotberi 
without  regard  to  the  surface  of  country  over  which  it  has  to  go,  whether  risiDg 
or  falling,  crossing  of  rivers,  or  otherwise.    All  are,  by  regulating  the  heights  rf 
the  pillars,  with  the  same  ease  gone  over ;  and  by  that  means  saving  of  ^ 
tance,  saving  of  surface  ground,  saving  bends  in  the  formation  of  the  rail ; 
which  bends,  besides  the  extra  expense  of  originally  laying,  are  always  liable  to 
great  derangement  from  the  lateral  friction  of  the  waggons  coming  nwiid 
them,  compared  to  that  of  a  straight  line  of  rail.     Secondly,  the  suspeowa 
railway,  over  that  of  the  ground  railway,  has  another  immense  advantage*, 
that  is,  as  far  as  expense  is  concerned,  which  is,  in  the  saving  of  all  embnik* 
ments,  excavations,  building  of  bridges,  cutting  of  tunnels,  besides  the  put 
breadth  of  surface  ground.    Thirdly,  and  which  I  think  the  most  tmpoMt 
of  all,  is  the  great  despatch  to  be  gained  by  the  suspension  railway,  without,  ii 
the  least  degree,  endangering  either  persons  or  property,  its  height  being  iiA' 
cient  at  all  places  to  allow  every  agricultural  and  commercial  intercouxae  to  ft 
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m  under  it  without  interruption ;  and  then  the  carriages  being  so  cooipletelv 
ocked  within  the  rail,  prevents  any  chance  of  their  escape,  vhalever  may  be  their 
'elocity ;  so  that  I  do  not  stretch  a  point  when  I  say,  with  light  carriages  con- 
aining  the  mail,  and  all  small  packages,  a  velocity  of  sixty  miles  an  hour  is  to 
)e  obtained,  including  all  stoppages,  and  that  with  the  greatest  ease  and 
afety*" 

Of  all  the  railways  hitherto  constructed,  that  which  now  connects  Manchester 
irith  Liverpool  is,  beyond  all  comparison,  the  most  perfect  and  the  most  exten- 
sively useful.  Tlie  peculiar  commercial  connexion  between  those  towns 
renders  a  cheap  and  rapid  communication  not  merely  of  local,  but  of 
national  interest  Liverpool  is  the  port  whence  Manchester  receives  all 
her  raw  materials,  and  to  which  she  returns  a  large  portion  of  manufactured 
goods  for  shipment  to  all  parts  of  the  world,  by  means  of  the  railroad, 
the  transit  of  goods  is  now  effected  in  about  two  hours,  which  is  about  one- 
eighteenth  part  of  the  time  previously  occupied  by  the  water  carriage  of  fifty 
miles,  besides  a  saving  of  fifty  per  cent,  in  the  cost  per  ton  of  carriage ;  making 
an  annual  saving  in  carriage  to  the  cotton  manufacturers  of  20,000/. ;  rendering 
it  unnecessary  for  them  to  keep  a  stock  on  hand  to  meet  sudden  orders.  Man- 
chester, we  may  observe,  has  now  all  the  advantages  of  a  sea-port,  since  a  cargo 
may  be  delivered  into  a  warehouse  at  Manchester  on  the  same  day  that  it  is 
received  at  Liverpool.  These  towns  are,  by  thirty-two  miles  of  railway,  as 
much  connected  for  the  purposes  of  business  or  pleasure,  as  the  eastern  and 
western  extremities  of  London ;  the  facilities  of  communication  between  the 
latter  are,  in  fact,  not  so  great  as  the  former.  The  immense  public  advantages 
attending  this  great  mechanical  work,  have,  however,  been  so  often  and  so 
ably  set  forth,  in  poetry  as  well  as  prose,  that  it  will  be  quite  needless  to  make 
any  further  remark  on  this  head. 

The  undertaking  was  commenced  in  June  1826,  under  the  direction  of 
Mr.  Geo.  Stevenson.  It  was  proposed  to  lay  the  railway  as  nearly  as  possible 
in  a  straight  line ;  but  the  nature  rendered  this  work  one  of  immense  labour 
and  difficulty.  Upwards  of  200,000/.  were  expended  in  excavations  and  em- 
bankments ;  in  bridges  alone,  over  and  under  the  railway,  upwards  of  99,000/. ; 
and  oat  of  a  total  expenditure,  amounting  to  820,000/.,  only  the  sum  of  67,932/. 
for  the  railway  itself,  the  particulars  of  which,  as  furnished  by  Mr.  Booth,  we 
subjoin;  namely, 

£        f.    d. 

Rails  for  a  double  way  from  Liverpool  to  Manchester, 
with  occasional  lines  of  communication,  and  addi- 
tional side  lines  at  the  different  depdts,  being  about 
thirty-five  miles  of  f  double  way,  weight  35^  lbs. 
per  lineal  yard  =  3847  tons,  at  prices  averaging 
something  less  than  1 2/.  1  Os.  per  ton 48,000. 

Cast-iron  chairs,  1428  tons,  at  an  average  of  10/.  lOs,  15,000 

Spikes  and  keys,  to  fasten  the  chairs  to  the  blocks,  and 

the  rails  to  the  chairs 3,830 

Oak  plugs,  for  the  blocks  .     .     .     , 615 

Sundry  freights,  cartages,  &c 487 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total     ....     £67,932     0     0 


The  foHowing  summary  view  of  the  working  of  the  concern,  during  the  first 
lllecn  months  of  its  existence,  obtained  from  an  Annual  Report  from  the 
directort  to  the  proprietors,  we  insert,  as  furnishing  some  important  data  to  all 
pcnona  interested  in  similar  undertakings : — 
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£        f.  d. 

The  profits  of  the  Company,  from  the  openmg  of  the 
railway  on  the  16th  September,  to  31st  December, 

1830,  were 14,432  19  5 

Ditto  for  the  half  year  ending  3(Hb  June,  1831 .     .     .  30,314    9  10 

Ditto  for  the  half  year  ending  31st  December,  1831    .  40,783    3  7 

85,530  12  10 

Paid  to  the  proprietors  in  dividends 80,165  12  6 

Leaving  a  balance  in  the  hands  of  the  treasurer  of    £5,365    0  4 


to  meet  those  coutingencies  to  which  the  working  of  every  extensive  and  new 
undertaking  may  be  considered  more  or  less  liable. 

The  following  general  abstract  of  the  expenditure  of  the  railway,  to  the 
31st  of  May,  1830,  showing  the  cost  of  the  different  branches  of  the  under- 
taking, may  be  of  considerable  use  to  those  who  shall  hereinafter  embark  in 
similar  adventures :  — 

£        t.    d. 

Advertising  account 332     1     4 

Brick-makmg  account 9,724    4    4 

Bridge  account 99,065  11     9 

Charge  for  direction 1,911     0    0 

Charge  for  fencing 10,202  16    5 

Cart  establishment 461     6    3 

Chat  Moss  account  * 27,719  11  10 

Cuttings  and  embankments  f 199,763    8    0 

Canying  department,  comprising  ac- 
count expended  in  land  and  build- 
ings for  stations  and  depdts, 
warehouses,   offices,   &c.   at   the 

Liveipod  end £35,538     0    O 

Expended  at  the  Manchester  station       6,159    0    0 

Side  tunnel 2,485     0    0 

Gas-light  account,  including  cost  of 

pipes,  gasometer,  &c 1,046     0    0 

Engmes,  coaches,  machines,  &c.     .      10,991  11     4 

56,219  11     4 

Formation  of  the  road  t 20,568  15    5 

Rail  account 67,912    0    0 

Carried  forward £479,880  16    8 


*  The  embankments  included  under  this  head  consist  of  about  277,000  cubic  yards  of  rstv  moss 
earth»  in  the  formation  of  ^hich,  about  677,000  cubic  yards  of  raw  moss  have  been  used;  the  dif- 
ference in  measurement  being  occasioned  by  the  squeezing  out  of  the  superabundant  water,  and 
consequent  cons(didation  of  the  moss.  The  expenditure  on  this  part  of  the  line  has  been  less  than 
the  arerage  expenditure. 

t  Under  this  head  Is  comprised  the  earth  woik  on  the  whole  line,  exdusire  of  the  Chat  Mots 
district.  The  cuttings  somewhat  exceed  the  embankings ;  the  surplus  is  principally  deposited 
along  the  border  of  tne  Great  Kenyon  Cutting.  The  excavations  consist  of  about  722,000  cubic 
yards  of  rock  and  shole,  and  about  2,006,000  cubic  yards  of  marl,  earth,  and  sand.  This  aggregate 
mass  has  been  removed  to  various  distances,  Arom  a  few  ftirlongs  to  between  three  and  lour  miles; 
and  DO  inconsideraUe  portion  of  it  has  been  hoisted  up  by  machinery,  from  a  depth  of  thirty  to 
aixty  feet,  io  be  deposited  on  the  s urflice  above,  either  to  remain  in  permanent  spoil  banks,  or  to 
be  afterwards  earned  to  the  next  embankment. 

t  By  this  is  understood  what  Is  termed  ballasting  the  road,~-that  is,  depositing  a  layer  of  tart^Mi 
rock  and  sand,  about  two  feet  thick ;  via.  one  foot  below  the  blocks,  and  one  foot  diatributaA 
between  them,  serving  to  keep  them  Arm  in  their  places.  Spiking  down  the  iron  chaina  to  the 
blocks  or  sleepers,  festening  the  rails  to  the  chains  with  iron  keys,  and  adjusting  the  railway  to  the 
f xact  widthi^  and  curve,  and  level,  come  under  this  head  of  expenditure. 
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mgfU  forward ^(470,880  10    8 

laqpenditure  comprisei  the  following  itemt : — 
'  a  doable  way  trom  Liver- 
»  Manchester^  with  occa- 
lines  of  communication,  and 
mal  side-lines  at  the  different 
\,  being  about  35  miles  of 
I  way  =  3|847  tons,  at 
averaging  something  less 
.2iL  lOf.  per  ton  .  .  .  .£48,000  0  0 
i  chains,  1,428  tons,  at  an 

^oflO/.  lOr 15,000     0     0 

nd  keys  to  fasten  the  chains 
blocks,  and  the  raib  to  the 

3,830    0    0 

» for  the  blocks  ....  615     0     0 

Teights,  cartages,  &o.     .     .  467    0    0 

account  (balance) 3,629  16     7 

count 95,305     8     8 

tablishment 4,929     8     7 

mtary  and  law  expenditure 28,465    6  11 

)eks  and  sleepers  * 20,520  14    5 

ig  account  19,829    8     7 

ig  account 1,423     1     5 

iccount     .    • 34,791     4    9 

compensation  account 9,997    5     7 

I  used  in  the  progress  of  the  work      •     .     .      24,185     5     7 

payments  for  timber,  iron,  petty  disburse- 

,  arc. 2,227  17    3 

Total    .     .     .      £739,185    5    0 
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02.  more  were  required  to  complete  the  work. 

teriod  mentioned.  We  understand  that  the  traffic  on  the  railway  hai 
:ly  increasing.  We  have  already  described  the  nature  and  con- 
;he  rail  employed  in  this  road,  but  it  becomes  necessary  to  a 
n  of  the  great  effects  produced  upon  it,  to  add  some  account  of 
1  inclined  planes  of  which  it  is  formed;  and  this  information  is 
e  annexed  table. 


er  the  Town  of   Liverpool,  from) 
oEdge-hin J 

of  Whiston,  or  Rainhill  Plane  .  . 

Hnation 

el 


Iter 


Total 


Miles.  Yds. 


1     240 

0  1000 

5  220 

1  880 
1  1540 

1  880 

2  880 

6  880 
5  880 
4  880 


30  1240 


Planes. 


Rise,  1  in  48. 

Level. 

Fall,  1  in  1092. 

Rise,  1  in  96. 

Level. 

Fall,  1  in  96. 

Fall,  1  in  2640. 

Fall,  1  in  880. 

Rise,  1  in  1200. 

Level. 


r-ooe  mites,  eighteen  are  laid  with  stone  bkmka,  and  thirteen  with  woodaa  tleepers 
«r  b«ing  laid  principally  across  the  embankment  and  acroM  the  two  diftriett  of 
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The  tunnel  under  Liverpool,  wliich  commences  in  Wapping,  near  tlie  Queen's 

Dock,  and  ends  at  Edge  Hill,  outside  the  town,  was  constructed  in  seren  or 

eight  separate  lengths,  each  communicating  with   the  surface   by  means  of 

perpendicular  shafts.     This  tunnel  is  whitewashed  throughout,  and  lighted  with 

gas,  and  the  effect  produced  is  very  singular  and  picturesque.     The  whitened 

roof  and  sides  contiguous  to  each  light  are  so  strongly  illumined,  that  the  whole 

vista  (observes  Mr.  Walker,  in  his  "  Description  of  the  Railway,")  appears  like 

a  succession    of  superb   arches   formed   through   massive   parallel  walls,  the 

intervening  spaces  being  left  in  comparative  darkness.     About  half  a  mile  from 

the  tunnel  the  railroad  crosses  Wavertree<-lane.     Half  a  mile  to  the  north  of 

Wavertree,  at   Olive  Mount,  there  is  an  excavation  through  the  solid  rock, 

70  feet   below   the  surface,  and    two  miles   in    length.     The   road  is  then 

carried  by  means  of  a  great  embankment,  varying  from  15  to  45  feet  in  height, 

and  from  60  to  135  feet  in  breadth  at  the  base,  across  a  valley  at  Roby,  or 

Broadgreen,  two  miles  in  length.     It  then  crosses  the  Hayton  turnpike  road,  a 

little  past  Roby ;  six  miles  and  three  quarters  from  Liverpool  there  is  a  junction 

railway  for  the  conveyance  of  coals  from  the  neighbouring  mines  ;  on  the  right, 

and  at  a  distance  of  seven  or  eight  miles  from  the  Liverpool  station,  it  comes 

to  tlie  Whiston  inclined  plane,  which  is  one  mile  and  a  half  long,  and  rises 

about  1   in  96.     There  is  here  a  stationary  engine  to  assist  the  carriages  in 

their  ascent.     For  nearly  two  miles  the  road  is  then  on  an  exact  leveL     It  was 

on  this  part  of  the  road  that  the  contest  of  locomotive  carriages,  for  the  premiam 

of  500/.,  took  place  in    October,  1830,   the   result   of  which  determmed  the 

directors  to  make  use  of  locomotive  engines  instead  of  stationary  ones.    About 

half  a  mile  from  the  WHiiston  plane,  at  Rainhill,  the  Liverpool  and  Manchester 

turnpike-road  crosses  the  railway,  at  an   angle   of  thirty-four   degrees.    On 

leaving  the  level  at  RainhUl,  the  railway  crosses  the  Sutton  inclined  plane, 

which  is  of  the  same  extent  as  that  at  Whiston,  and  descends  in  the  same 

proportion  that  the  other  rises.     There  is  here  another  stationary  engine.   A 

little  beyond  Rainhill  several  collieries  communicate  with  the  road  by  means  of 

railways,  and  the  Runcorn  Gap  railway  will  here  cross  the  line  to  St.  Helen's. 

The  next  object  of  interest  is  Parr  Moss,  the  road   over  which  is  formed 

principally  of  the  clay  and  stone  dug  out  of  the  Sutton  inclined  plane,  and 

extends  about  three  quarters  of  a  mile.     The  moss  was  originally  about  twen^ 

feet  deep,  and  the  embankment  across  it  is  nearly  twenty-nve  feet  high,  though 

only  four  or  five  feet  now  appear  above  the  surface,  the  rest  having  sunk  bdow 

it.     The  road  is  then  carried  over  the  valley  of  Sanky,  by  means  of  a  massirt 

and  handsome  viaduct,  consisting  of  nine  arches,  of  fifty  feet  span  each;  tfaft 

height  of  the  parapet  being  seventy  feet  above  the  Sankey  canal  in  the  vaBef 

beneath.     The  viaduct  is  built  principally  of  brick,  with  stone  facings,  and  the 

foundations  rest  on  piles  of  from  twenty  to  thirty  feet  in  length,  driven  into  the 

ground.     The  breadth  of  the  railway  between  the  parapets  is  twenty-five  feet 

The  viaduct  is  approached  by  a  stupendous  embankment,  formed  principally 

of  the  clay  dug  from  the  high  lands  surrounding  the  valley.     A  little  to  tht 

south  of  the  town  of  Newton  the  railway  crosses  a  narrow  valley,  by  the  short 

but  lofly  embankment  of  Sandy  Mains,  and  a  handsome  bridge  of  four  arches, 

each  forty  feet  span,  under  one  of  which  passes  the  Newton  and  Wairingtoii 

turnpike  road.     The  Wigan  and  Newton  branch  here  enters  the  railway. 

A  few' miles  beyond  Newton  is  the  great  Kenyon  excavation,  from  whidi 
above  eight  thousand  cubic  yards  of  clay  and  sand  were  dug  out  Tht 
Kenyon  and  Leigh  Junction  railway  here  joins  the  Liverpool  and  Mancbeslcf 
line,  and,  as  it  also  joins  the  Bolton  and  Leigh  line,  brings  into  a  direct  coonmB- 
nication  Liverpool  and  Bolton.  The  Liverpool  and  Manchester  railway  then 
passes  successively  under  three  handsome  bridges  ;  and  a  little  beyond  Culchelhf 
over  the  Brosely  embankment,  which  is  about  a  mile  and  a  half  in  length,  and 
from  eighteen  to  twenty  feet  in  height.  It  then  passes  over  Bury-lane,  and  thft 
small  river  Gless,  or  Glazebrook,  and  a  river  at  Chat  Moss.  This  is  a  hi^ 
boff,  comprising  an  area  of  about  twelve  square  miles,  so  soft,  that  cattle  canne* 
walk  over  it,  and  in  many  parts  so  fluid,  that  an  iron  rod  laid  upon  the  sorft^ 

would  sink  to  the  bottom,  by  the  effect  of  its  own  gravity.     It  is  fpom  ten  » 
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feet  deep,  And  the  bottom  is  composed  of  clay  &nd  sand.  It  was 
by  some  an  impossibility  to  carry  the  road  across  this  huge  bog ;  but 
ihr  and  perseverance  the  work  has  been  effected,  and  a  firm  road  is 
id  across  the  moss.  Hurdles  of  brushwood  and  heath  are  placed 
wooden  sleepers,  supporting  the  rails  over  the  greatest  part  of  the 
the  road  may  bo  said  to  float  on  the  surface.  The  most  di£Bcult  part 
i  eastern  border,  extending  about  half  a  mile,  where  an  embankment 
feet  in  height  was  made,  and  many  thousand  cubic  feet  of  earth  sank 
OSS,  and  d^ppeared,  before  the  line  of  road  approached  the  proposed 
; length,  however,  it  became  consolidated;  in  1829,  one  railway  wai 
he  whole  moss,  and  on  the  Ist  of  January,  1830,  the  Rocket  steam 
th  a  carriage  and  passengers  passed  over  it  The  line  extends  across 
a  distance  of  about  four  miles  and  three  quarters,  and  the  road  is  not 
any  other  part  of  the  railway.  The  work  was  completed  at  an 
[27,719/.  11*.  lOd, 

ing  Chat  Moss,  the  road  passes  over  the  lowlands  at  Barton,  extending 
ile  between  the  Moss  and  Worsley  canal,  by  means  of  an  embank- 
is  carried  over  the  canal  by  a  neat  stone  viaduct  of  two  arches ;  it 
$eds  through  Eccles,  and  a  portion  of  Salford,  under  six  bridges ;  it  is 
er  the  Irwell  by  a  handsome  stone  bridge  of  sixty-three  feet  span, 
from  the  water,  and  then  over  twenty-two  brick  arches,  and  a  bridge 
er-street,  to  the  Company's  station  in  Water-street,  Manchester,  a 
f  thirty-one  miles  from  the  Liverpool  station.  The  railway  is  there 
with  the  second  story  of  the  Company's  warehouses.  On  the  line 
jlverpool  and  Manchester,  there  are,  besides  culverts  and  foot  bridges, 
3  bridges,  of  which  thirty  pass  under  the  tiunpike-road,  twenty-eight 
ur  over  brooks,  &c.,  and  one  over  the  river  Irwell.  There  are  twenty- 
ick,  seventeen  of  wood  and  brick,  eleven  of  brick  and  stone,  eleven  of 
two  of  stone  and  wood,  at  a  total  expense  of  99,065/.  1  Is,  9d. 
he  top  of  the  Liverpool  tunnel  to  Manchester,  with  the  exception  of 
ed  planes  at  Parnhill,  (one  ascending  and  the  other  descending  at  an 
1  of  one  in  ninety-six,  and  where  some  assistant  power  must  be  used,) 
0  greater  inclination  than  in  the  ratio  of  about  one  in  eight  hundred 
' ;  and  since  the  advantage  on  the  descending  side  will  nearly  coun- 
;  the  disadvantage  in  ascending  so  gradual  a  slope,  the  railway  may  be 
for  practical  purposes,  as  nearly  horizontal.  The  rails  at  the  mouth 
nel,  at  Edge  Hill,  are  forty-six  feet  above  the  rails  at  the  Manchester 
9  line. 

formation  of  the  railway,  there  have  been  dug  out  of  the  different 
ns,  upwards  of  three  millions  of  cubic  yards  of  stone,  clay,  and  soil ; 
^ual  to,  at  least,  four  millions  of  tons ! 

mature  consideration  of  the  reports  and  calculations  of  various 
,  appointed  to  consider  the  most  eligible  description  of  power  for  the 
«r  and  Liverpool  railroad,  they  determined  upon  preferring  locomotive 
ngines,  provided  the  former  could  be  made  sufiiciently  powerful,  and 
ne  time  not  of  so  great  a  weight  as  to  injure  the  stability  of  the  rails, 
would  not  emit  smoke,  which  is  one  of  the  provisions  or  the  Railway 
ith  the  view  also  to  obtain,  if  possible,  an  engine  of  improved  con- 
a  public  reward  was  offered  by  the  directors  in  April  1829,  for  the 
notive  engine,  subject  to  certain  stipulations  and  conditions,  which  may 
briefly  stated :  viz.  to  consume  its  own  smoke :  to  be  capable  of 
ifter  three  times  its  own  weight,  at  ten  miles  an  hour,  and  nave  not 
\  50lb8  pressure  upon  the  square  inch  on  the  boiler  :  two  safety  valveUf 
d  up :  engine  and  boiler  to  be  supported  on  springs,  and  rest  on  six 
it  should  exceed  4^  tons :  height  to  top  of  cnimney  not  more  than 
weight,  including  water  in  boiler,  not  to  exceed  6  tons ;  but  preferred  if 
'ei^t :  boiler,  &c.,  proved  to  bear  three  times  its  working  pressure : 
gauge  provided :  cost  of  machine  to  be  not  more  than  550/. 
B  day  appointed,  the  following  engines  were  entered  for  trial  for  the 
td  the  judges  appointed  to  decide  were,  Mr.  Nicholas  Wood,  of  Killing* 
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worth,  (the  eminent  writer  upon  railways,  to  whose  laboun  we  ttand  much 
indebted  in  this  article) ;  Mr.  Rastrick,  of  Stourbridge,  and  Mr.  Kennedy,  of 
Manchester,  who  made  judicious  arrangements. 

The  Rocket  Steam  locomotive,  by  Mr.  Robert  Stevenson. 

The  Novelty  ditto  by  Messrs.  Braithwaite  &  Errieson. 

The  Sana  Pareil  ditto  by  Mr.  Timothy  Hackworth. 

The  Perseverance  ditto  by  Mr.  Burstall  of  Edinburgh. 

The  Cyclopede        Horse  locomotive,  by  Mr.  Brandreth,  of  Live^KM)!. 
The  trial,  as  before  mentioned,  took  place  on  the  level  at  RainhilL   Several  diji 
Were  employed  in  getting  them  into  the  best  working  condition  for  the  oonteiL 

Ton.  cwt.  qr.  lb. 

The  Rocket  weighed 4     5     0     0 

Tender,  with  water  and  coke  ..3402 
Two  loaded  carriages  attached  .     9  10    3  26 


Total  weight  in  motion  ...     17    0     0    0 

The  rate  of  performance  of  this  engine  was  found  by  the  judges  to  be  70  mOei 
in  about  five  hours,  or  14  miles  per  hour;  with  an  evaporation  of  114g«nolks 
per  hour,  and  a  consumption  of  coke  of  2171bs.  per  hour.  The  greatest  velodtf 
attained  was  on  the  last  eastward  trip,  the  l.j  mile  being  accomplished  inS'ir 
which  is  at  the  rate  of  24^  miles  per  hour. 

On  the  following  day  the  next  engine  brought  up  to  the  starting  post  wsi  tlie 
Sans  Pareil,  but  on  weighing,  it  was  found  to  exceed  the  condition  of  4^  toni 
Upon  four  wheels,  therefore  could  not  strictly  compete  for  the  pri2e.  Nev«^ 
theless,  it  underwent  a  trial  of  its  powers,  in  order  that  the  Directors  might  be 
Hcquainted  with  its  merits. 

Ton.cwt.  qr.  lb. 
The  weight  of  the  Sans  Pareil  ...     4  15     2     0 

Tender  with  water  and  fuel 3     6     3     0 

Three  loaded  carriages  attached  ...  10  19    3     0 

Total  weight  in  motion   ....     19    2     0     0 

In  making  the  eighth  trip  on  the  running  ground,  the  pump  that  supplied  tl»^ 
Water  to  the  boiler  became  disordered  in  its  action,  by  which  the  level  of  tb* 
Water  in  the  boiler  became  reduced  below  the  fire  tube,  and  the  leader  phi^^ 
employed  as  a  safety  valve,  was  melted,  and   put  an  end  to  the  experimea*- 
But  as  far  as  the  experiment  was  conducted,  which  extended  to  27^  miles*  tb' 
berformance  was  creditable,  being  19i  tons  conveyed  at  the  rate  of  15  miles pe^ 
nour.     The  greatest  velocity  attained  was  in  the  fifth  trip ;  the  1 1  mile  b^)^ 
traversed  in  3'  59'',  which  is  at  the  rate  22^  miles  per  hour.     The  consumptJofl 
of  the  coke  in  this  engine  was  enormous,  being  at  the  rate  of  6921bs  per  hottTi 
which  was  found  to  be  owing  to  the  draft  through  the  fire-place  being  ^ 
powerful,  as  to  blow  red  hot  cinders  out  of  the  chimney  shafl. 

The  Novelty t  which  was  not  tried  until  the  1 0th,  owing*^to  unavoidable  ci^ 
cumstances,  carried  its  own  water  and  fuel ;  and,  therefore,  to  place  it  on  tha 
same  footing  as  the  other  engines,  the  same  proportion  of  useful  load  wil  >j 
assigned  to  it  when  compared  to  the  engine,  as  the  useful  loads  taken  b^  ^ 
other  engines  have  to  their  weight.  The  power  and  its  load  were  accordiB|ft 
as  follow : — 

Tons.  cwt.  qrs.  lbs. 
Weight  of  the  Novelty,  with  water  in  the  boiler  .3100 

Tank,  water,  and  fuel 0  16    0  14 

Two  loaded  carriages  attached  . 61700 

Total  weight  in  motion  .     .     .  10  14    0  14 
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In  the  earl;  part  of  the  trial  with  thU  eiigioe,  the  irater  nijraly-pTpe  burvt, 
and  put  an  end  to  the  experiment  for  thai  day.  Two  or  three  days  aflerwardi 
the  Irial  wa«  renewed,  but  another  [unfortunate  accident  (that  of  one  of  th« 
joints  of  the  boiler  giving  way)  terminated  the  proceedings,  at  the  desire  of 
Mr.  Erricson,  nho  voluntarily  withdrew  his  carriage  from  the  conteit.  Tha 
performance  of  the  engine,  while  it  tasted,  indicated  very  excellent  renilta ;  tba 
design,  arrangement,  and  execution  of  the  work,  were  lilcewise  highly  creditaUe 
to  tile  genius  and  talent  of  the  proprietors, 

ThtPerieverance,  after  a  short  trial,  wai  proved  unmiited  to  the  railway,  and 
WM  immediately  withdrawn  by  the  proprietor.  The  course  was  thus  left  clew 
for  Mr.  Stevenson  to  receive  the  fairly  won  prize' of  5001.,  which  was  awarded 
to  him  by  the  judges. 

The  Cgclopeiie,  though  included  in  tiiu  foregoing  list  of  rival  machines,  not 
being  propelled  by  the  power  mentioned  in  the  "  stipulations  and  condltioni,'' 
it  could  not  properly  be  considered  as  entering  the  liata  for  the  prixe  therein 
proposed;  it  van,  however,  an  inquiry  well  worth  the  investigation,  what 
degree  of  power  horses  could  exert  in  a  locomotive  machine  of  tae  kind,  and 
thereby  determine  its  compHrative  economy  with  that  of  steam.  For  theia 
reasons  a  trial  of  the  Cyclopede  took  place ;  but  it  only  attained  a  speed  of 
fivu  or  six  miles  an  hour,  owing,  as  we  believe,  to  the  horses  not  having  miffi- 
cienl  powerto  exert  themselves  in  their  stulla,  aa  well  as  to  an  injudicious  cMl- 
stniction  of  some  parts. 

Having  now  stated  the  results  of  this  memorable  contest,  it  become*  neoc^ 
sary  to  ^ve  some  account  of  the  machines  engaged  therein. 

The  Socket,  constructed  by  Mr.  Stevenson,  of  which  an  external  side  eleratloa 
is  given  in  tlie  following  figure,  possesses  many  of  the  chu-acteristie*  of  thoM 
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which  were  worked  upon  other  railways,  as  already  described.     The  funiace  at 
A  is  a  square  box,  about  3  feet  wide,  and  2  feet  deep.     This  furnace  has  to 
external  casing,  between  which  and  the  fireplace  there  is  a  space  of  3  inches  filled 
with  water,  and  communicating  by  a  lateral  pipe  with  the  boiler.     The  heated 
air,  &c.  from  the  furnace  passes  through  twentv-five  copper  tubes,  3  inches  in 
diameter,  arranged  longitudinally  on  the  lower  half  of  the  boiler,  and  then,  enten 
the  chimney  C.  D  represents  one  of  the  two  steam  cylinders,  which  are  placed  in 
an  inclined  position  on  each  side  of  the  boiler,  and  then  enters  the  chimney  Ci 
D  represents  one  of  the  two  steam  cylinders,  which  are  placed  in  an  indioied 
position  6n  each  side  of  the  boiler,  and  communicating  by  their  piston  rod% 
through  the   media  of  connecting  rods  £,    motion  to  the   running  wheels. 
P  G  are  safety  valves ;  £  is  one  of  two  pipes  on  each  side  of  the  boiler,  bv 
which  the  eduction  steam  from  the  cylinders  is  thrown  into  the  chimney,  and, 
by  the  exhaustion  thus  caused  in  the  latter,  producing  a  rapid  drall  of  air 
through  the  furnace.     At  M  is  exhibited  part  of  the  tender,  which  carries  the 
fuel  and  water  for  the  supply  of  the  engine. 

A  little  reflection  upon  the  construction  of  this  boiler  will  evidently  show  the 
great  advantages  it  possesses  of  generating  steam  with  rapidiU',  and  hence  the 
superior  effects  in  propelling  the  carriage  and  its  load.  There  are  twent/ 
square  feet  of  heated  metallic  surface  surrounding  the  furnace,  the  flames  and 
heated  matter  from  which  infringe  afterwards  upon  the  twenty-five  copper  tubes 
lying  immersed  in  the  lower  part  of  the  boiler.  These  tubes  contain  117 
square  feet  of  surface,  making  altogether  137  superficial  feet  of  heated  metal 
in  contact  with  the  water.  We  understand  that  Mr.  Booth  suggested  the 
arrangement  of  the  flue  tubes  leading  from  the  furnace  to  the  chimney;  and 
we  make  no  deubt  that  it  was  mainly  owing  to  this  contrivance  that  the  prize 
was  won  by  Mr.  Stevenson's  engine. 

The  Novelty,  by  Messrs.  Braithwaite  and  Erricson,  is  exhibited  in  the  sul>- 
joined  sketch,  representing  a  side  elevation  of  the  machine. 

F  is  the  carriage-frame ;  £,  one  end  of  a  long  horizontal  cylinder,  formiag^ 
the  principal  part  of  the  boiler,  which  extends  to  the  large  vertical  vessel  A,  at 
the  other  end  of  the  carriage,  and  contains  forty-five  gallons  of  water;  Li  a 
hopper  to^  supply  the  fuel,  (which  is  carried  in  small  baskets  placed  on  the 
carriage,)  whence  it  is  conducted  by  a  tube  in  the  centre  of  the  steam-chamber 
A,  into  the  furnace  S,  beneath.  At  C  is  a  blowing  machine,  the  air  from  which 
is  conducted  by  a  pipe  under  the  carriage,  and  proceeding  by  the  tube  K  entere 
the  ash-pit  M,  under  the  fnrnace ;  Q  is  a  pipe  for  the  escape  of  the  heated 
gases  after  the  combustion,  and  forms  the  only  chimney  used  ;  B  is  the 
water-tank ;  at  D  N  are  two  working  cylinders  with  their  steam-pipes  and 
valves;  the  cylinders  are  six  inches  in  diameter,  and  have  a  twelve-inch  stroke ; 
O  G  are  connecting-rods,  which  impart  the  force  of  the  engines  to  the  runnings 
wheels.  T-he  axletrees  are  fixed  to  an  iron  rod,  and  slings  are  introduced  to 
prevent  the  side  action  between  the  rod  and  the  carriage  frame ;  and  to  prevent 
the  effect  of  the  springs  from  counteracting  the  action  of  the  engine,  the 
connecting-rods  are  placed  as  nearly  as  possible  in  a  horizontal  position,  sd° 
the  motion  is  communicated  to  them  by  bell-cranks  on  each  side  of  the  carriag^' 
being  connected  by  the  slings  to  the  piston  rods.  The  pistons  used  are  the 
patent  metallic  of  Barton  (see  Piston)  ;  and  the  running  wheels,  the  ^^^ 
suspension  kind,  of  Theodore  Jones  and  Co.  (see  Wheels.) 

The  figure,  on  page  514,  exhibits  a  section  of  the  boiler  introduced  by  Me*"** 
Braithwaite  and  Erricson,  into  the  Novelty  steam- carriage,  which  w«  *^ 
induced  to  insert  here,  as  it  has  been  deemed,  by  some  persons,  to  be  thegrt|J| 
desideratum  in  this  branch  of  practical  mechanics.  It  is,  therefore,  deiiivf 
that  its  real  merits  should  come  under  the  consideration  of  the  reader.  SJ 
the  furnace,  surrounded  by  water;  and  L  the  tube  by  which  the  fuel  issapp>^ 
to  feed  the  fire ;  M  is  the  ash-pit,  through  which  the  air  is  forced  by  the  pip^J^ 
from  the  bellows  of  the  engine.  The  vessel  containing  the  water  that  snirou^ 
the  furnace,  and  the  long  cylinder  that  proceeds  horizontally  from  it,  constito^ 
the  boiler,  as  shown  at  £  £  e.  The  flames  and  heated  air  from  the  fon^ 
after  ascending  by  the  action  of  the  bellows,  enter  a  long  tortuous  floe^  v^ 


niokei  three  lums  in  the  entire  lengtli  of  the  horizontal  boiler,  escaping  finillj 
at  the  cbimney.     The  fuel  in  the  furnace  baa,  therefore,  a  direct  action  upMi 


the  water  lurrounding  it;  and  the' water  in  the  long  cylinder  ia  c^wratcd  ^a 
by  the  gaaei  in  the  flue,  which  gradually  tapers  ffmn  the  fnmace  to  Ibe  ehian^i 
and  haa  a  constant  inclination  downward.  This  part  of  the  amngemenl  tteta 
to  be  good,  4*  affording  convenient  means  of  cleansing  the  fluei  of  an;  not 
that  may  deposit  itself  in  tbem,  wbicb,  it  is  presumed,  may  be  peHwmtd'il 
any  time,  by  an  energetic  application  of  the  blowing  machine;  and  h  i* 
whole  of  the  furnace  and  flue  i<  surrounded  by  the  water  of  the  boilet,  (lint 
can  evidently  be  very  Itltle  of  the  heat  from  the  fuel  misapplied. 

The  Sedu  Pareil  of  Mr.  Hackworth,  (see  the  engraving  on  the  oppodte  ytp,) 
does  Dot  materially  difierlrom  the  Rocket,  the  most  conspicuous  Tariauon  bcii^  ik 
vertical,  instead  of  the  inclined  position,  of  the  working  cylindeta.  neboScrB 
is  cylindrical,  of  the  Trevilhick  kind,  with  one  of  ita  ends  convex  outwiidi,tid 
the  other  flat.  The  fire-bars  were  of  greater  extent  than  usual,  having  siiin* 
of  ten  feet ;  and  the  fluc'tube  is  returned  to  the  front  on  one  side  of  tlie  fin- 
place,  where  it  enters  the  chimney  C.  This  fire-l«be  is  of  course  Mlir^ 
surrounded  by  the  water  in  the  boiler,  and  hence  a  considerable  surface  [tliiagii 
not  BO  great  as  in  the  Rocket  and  NovtUg)  of  heated  metal  is  brouglil  ii''' 
contact  with  the  fluid  to  be  evaporated.  D  represents  one  of  the  two  woriisg' 
cylindersi  these  were  seven  inches  in  diameter,  and  had  an  eigbteen-incli  itr^f- 
The  piston  rods,  through  the  medium  of  the  verUcal  connecting  rods,  apentt^ 
upon  the  hind  pair  of  wheels;  and  the  latter  being  connected  to  the  fiirewbtd* 
by  the  horizontal  connecting  rods,  shown  acting  in  the  manner  of  cranks,  mMiii^ 
was  communicated  to  both  pair  of  wheels, — an  arrangement  which  ,is  denp*^ 
to  cause  a  greater  adhesion  of  the  wheels  to  the  rails,  and  of  enabling  llKar~ 
riage  to  draw  a  greater  load,  than  if  only  one  pair  of  wheels  was  opoWv 

The  Cgclopede,  by  Mr.  Brandreth,  which  was  also  tried  upon  the  nil*^i  ^ 
represented  ni  the  cuts  on  pp.515,  516;  Fig.  I  being  a  side  elevation,  sidiif-' 
a  plan  of  the  same.  It  conaiata  in  an  endless  chain  a  a  a,  made  of  p'*^ 
about  an  inch  and  a  half  tlijck,  and  four  inches  wide,  eitendiitK  across  thtb^  J 
of  the  carriage,  attached  at  their  eitremities  to  ropes,  and  carried  oreradnun^A 
ut  each  end  of  the  carriage,  as  shown  in  the  plan  at  fig.  2.  To  strmgthai  1^ 
cross  pieces,  and  to  prevent  one  oFthem  from  slipping  down  by  tlad(  adcsl  (<• 
ia  nailed  on  the  cm!  of  each,  and  extends  half-way  across  those  next  to  il  • 
each  side :  the  Doaition  of  these,  aa  they  paas  over  the  drums  A  i,  will  Ix^*.^ 
their  extent  and  attachments.  The  chain  platform  is  itipported  on  a  wa*  ' 
aiili-frictiou  rollers  etee.    The  hotte  i*  yoked  to  the  frame,  ant^  b;  lR*'*f  . 
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on  tlic  movable  platform,  drivei  it  round,  by  vhich  the  druma  i  6  ate  made  In 
revolve,  and,  through  the  medium  of  the  spur  wheeli,  ihown  in  the  plan,  put 


in  motion  the  caniage  wheels.  Tvo  sets  of  tpur-gear  are  provided,  one  at  aA 
end  of  the  drum,  lo  that  either  may  be  put  in  action  at  pleatnre,  and  be  adjoMd 
according  to  the  nature  of  the  road,  whether  aacenta,  descenta,  or  on  horiuoid 
planes,  the  ipeed  or  power  being  duly  proportioned  to  the  ptame  operated  upoa; 
ra  repreienti  the  rope  nhkh  la  attachea  to  ^e  endlen  chain,  and  v»  ih* 

It  will  be  obaerred,  that  by  thii  arrangement  tha  hoTM  eatplayeA  to  pnpd 
the  carriage  ii  carried  along  with  it,  and  ihm  a  Telocity  of  motion  ia  pwJawil 
In  the  machine  far  beyond  tha  limit*  at  which  *  horse  can  exert  hu  power. 
Now,  as  it  baa  been  ascertained  that  (he  reaiitance  from  firiclion  on  i  Im' 
railway  does  not  increase  with  an  increase  of  speed,  it  follows,  that  in  muj 
tasea  much  advantage  might  be  obtained,  by  an  increase  of  setoeity  grritly 
exceeding  that  at  which  a  horse  could  exert  his  power,  or  ereu  tnvel  en  Ae 
road,  without  exerting  any  power  of  traction.  The  principal  objection  rsiwd 
against  this  plan  is,  that  the  horse  has  to  cairy  his  own  weight;  bat  tba 
objection  equally  appliea  to  the  locomotive  steam-engine,  in  which  the  w^U 
of  one-horse  power,  including  the  water  and  fuel,  falls  very  Lttlt^  if  at  all,  wt 
of  the  weight  of  a  draft  horse.  If  we,  however,  suppose  that  the  wetgfal  ii 
increased  thereby  half  a  ton  for  the  horse,  it  only  amounts  to  a  tbiitielh  putof 
his  power  of  traction.  An  ordinary  horse  exerts  tAroughoat  the  dag  a  nra  (f 
150  Iba.  when  moving  at  the  rate  of  two  miles  en  hour,  and  this  is  eqninleil 
to  36,000  Iba.  moved  upon  the  Manchester  and  Liverpool  railway.  It  bsabtca 
shown  upon  several  railways,  that  horses  can,  and  do,  move  the  load  ■* 
have  mentioned  at  their  ordinary  working  pace.  But  it  is  to  be  presDmed  ills' 
auch  an  arrangement  of  mcchaiiiam  may  he  (tlioush  it  haa  not  yet  been)  jn- 
duced,  as  will  enable  a  horae,  duly  trained,  to  app^  a  portion  of  hia  we^  *• 
a  mechanical  force,  in  addition  Ut  liia  muscular  exertion,  which  would  ita^ 
this  mode  of  employing  animal  power  highly  effective  and  uselii}.  Tbtfs  lian 
been  many  attempts,  prior  lo  Mr.  Brandreth  s,  to  apply  horse  power  on  the  >■> 
principle ;  and  it  {nav  be  considered  that  they  have  hi^erto  all  &iled,  fm 
their  not  being  continued  in  use:  we  are,  nevertheleis,  of  ojaniod, Ihiltb 
■ulnect  ia  still  worthy  of  the  attention  of  tba  mechanic. 

To  discover  the  cause  of  the  great  increase  of  speed,  and  the  variaUe  qon* 
titles  of  fuel  consumed  by  the  different  locomotive  engins*,  which  competed  tv 
the  prize  at  tha  Manchester  and  LivenMol  railway,  Mr.  Wood  isitituted  tb 
comparative  view  of  each,  which  is  exhibited  in  the  following  table,  and  to  vUa 
we  shall  append  his  judicious  comments. 

"  In  examining  the  above,  we  find  a  very  important  eSect  in  tlie  Mdun;  <* 
fuel,  produced  by  the  Rocket  over  the  old  engines,  in  the  propoctiM)  of  ll.ru 
1S.34,  supposing  the  heating  powers  of  coke  and  cool  be  equal.  ThtaoKit 
this  ia  very  uhvioua,  and  ia  entirely  attributable  to  tha  use  Mthe  ttdmofau" 
diameter,  presenting  such  an  area  of  aurtace  to  the  water  in  the  boiler.  TheK 
tube*  were  used  at  Uie  niggcstion  of  Mr.  Booth,  tieosorer  to  the  tinrpo)'  i^ 
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Names 

of 

Engines. 

Area  of 

Fire-grate, 

in  feet. 

Aiea  of 
radiant 
Surface, 
in  feet. 

Area  of 

eommuniealive 

Surface, 

in  feet. 

Cubic  feet  of 

Water 

evaporated 

per  hour. 

Pounds  of 

Coke  required 

to  evaporate 

a  Cubic  Foot 

of  Water. 

Rocket   .  .  . 
Sans  Parefl  . 
Novelty  .  .  . 
Old  Engines. 

6. 
10. 
1.8 
7. 

20. 
15.7 
9.5 
'  11.5 

117.8 
74.6 
33. 
29.75 

18^24 
24. 

15.92 

11.7 

28.8 

18.34 

Manchester  Railway  Company,  and  nothing,  since  the  introduction  of  those 
engines,  has  given  such  an  impulse  to  their  improvement. 

**  With  a  less  area  of  fire-grate  than  the  old  engines,  the  surface  exposed  to 
the  radiant  heat  of  the  fire  is  as  20  :  11.5,  and  the  surface  exposed  to  the  com- 
miinicative  power  of  the  heated  air  and  flame,  as  117.8:29.75,  nearly  four 
times  as  pre&t. 

*'  Nor  IS  this  the  only  difference ;  in  the  old  engines,  the  area  of  the  tuhe  (of 
22  inches  diameter)  for  the  passage  of  the  flame  and  heated  air  to  the  chimney, 
380.13  inches ;  and  of  this  large  hody  of  flame  and  air  passing  through  the 


was 


tube,  only  an  extent  of  surface  of  69.11  inches  was  exposed  to  the  water  m  the 
boiler.  In  the  Rocket  engine,  the  area  of  heated  air  and  flame  in  25  tubes, 
3  inches  each  in  diameter,  was  176.7  inches,  while  the  surface  exposed  was 
235.6  inches. 

**  It  is  not  necessary,  perhaps,  to  pursue  the  comparison  further.  The  economy 
of  fuel  which  must  result  from  the  exposure  of  so  much  greater  surface  to 
the  water,  cannot  fafl  to  insure  a  more  perfect  abstraction  of  the  heat,  and  thus 
not  only  save  the  fuel,  but  prevent  great  part  of  the  previous  destruction  of  the 
chimney,  by  the  intense  heat  of  the  wasted  caloric. 

''  The  same  remarks  apply  to  the  Sans  Pareil  of  Mr.  Hackworth,  as  to  the  old 
enfl^ne,  though  in  a  less  degree.  In  the  Rocket,  the  surface  exposed  to  the 
ramant  heat  of  the  fire,  compared  with  the  area  of  fire-grate,  is  as  3}  :  1,  while 
in  the  Sans  Pareil,  it  is  only  1| :  1  ;  the  same  proportion  as  in  the  old  engines. 
In  the  Rockety  the  surface  exposed  to  the  heated  air  and  flame,  compared  with 
the  area  of  fire-grating,  is  as  19i  :  1 ;  whfle,  in  the  Sans  Pareil,  the  proportion 
II  only  7|  :  1.  The  bidk  of  air  passing  through  the  tube  of  the  latter,  will,  at 
its  exit  into  the  chimney,  be  176.7  square  inches,  the  exposed  surface  beine 
47.12,  or  25  :  1,  nearly;  whfle,  as  before  stated,  the  bulk  of  air  passing  through 
the  tubes  of  the  Rocket,  is  176.7  inches,*  or  precisely  tliat  of  me  Sans  Pareil, 
wlule  the  sur&ce  exposed,  is  235.6  inches,  or  11  ^  1*  These  wiU  sufficiently 
account  for  the  great  difierence  in  the  economy  of  fuel  between  the  two  engines; 
^  Rocket  requiring^only  11.7  lbs.  to  convert  a  cubic  foot  of  water  into  steam, 
whfle  the  Stms  Pareil  required  28.8lbs. ) 

*'  Some  explanation  is,  perhaps,  necessary,  why  the  Sans  Pareil  should,  in 
this  respect,  be  more  extravagant  than  the  old  engines,  while  the  extent  of  sur- 
fiice,  compared  with  the  area  of  fire-grate,  is  much  greater,  and  therefore  should 
exhibit  a  more  economical  result ;  and  this  explanation  is  the  more  necessary, 
aa,  though  not  appearing  at  first  sight,  it  involves  a  principle  of  the  greatest 
importance  in  the  economy  of  those  engines;  and  which,  if  not  acted  upon, 
would  render  the  use  of  tne  tubes,  however  otherwise  valuable,  considerably 
leas  efiective. 

"  It  will  readfly  occur  to  any  one,  paying  a  little  attention  to  the  matter,  that 
the  system  of  tubes  may  be  carried  so  far,  as  to  reduce  the  temperature  of  the 
fiame  and  heated  air  nearly  equal  to  that  of  the  water  in  the  bofler ;  in  which 
case,  when  it  reaches  the  chimney,  it  will  be  incapable,  from  its  reduced  tem- 
perature, of  producing  a  sufficient  draught  of  air  through  the  fire-grate.  This 
would  prevent  aU  the  advantages  being  taken  of  the  refracting  powers,  which 


518  RAILWAYS. 

•k. 

would  otherwise  result  from  the  use  of  these  tubes.  It  is  stated  in  another 
part  of  this  work,  that  on  the  introduction  of  those  engines,  it  was  neceuaiy 
to  resort  to  the  application  of  waste  steam  thrown  upwards  into  the  chimney, 
to  create  a  sufficient  current  of  air  throuj?h  the  fire ;  which  was  afterwards  laid 
aside,  or  only  partially  used,  when  only  slow  rates  of  speed  were  required. 

**  Mr.  Hackworth  had,  it  appears,  in  his  engine,  resorted  to  the  use  of  itm  in 
a  more  forcible  manner  than  before  used,  throwing  it  up  as  a  jet,  and  which, 
when  the  engine  moved  at  a  rapid  rate,  and  the  steam  thereby  almost  constantly 
issuing  from  the  pipe,  had  a  most  powerful  effect 

"  This,  though  effecting  the  object  for  which  it  was  intended,  being  carried 
too  far,  partly  m  consequence  of  the  rapid  speed  at  which  the  engine  was  made 
to  travel,  was  productive  of  another  evil,  which,  though  operating  fatally  to 
far  as  regarded  that  particular  experiment,  was  capable  of  easy  remedy. 

"  The  consequence  was,  that  when  the  engine  began  to  travel  at  the  rate  of 
12  or  15  miles  an  hour,  the  draught  was  so  great,  that  it  actually  threw  the 
cinders  out  of  the  chimney  with  considerable  force,  producing  a  destructioii 
of  fuel  enormously  great,  so  much  so,  that  the  Consumption  was  at  least  692Ibfc 
per  hoiu*. 

''The  area  of  fire-grate  of  the  Sans  Pareil  was  10  feet;  supposing  that  the 
area  of  the  fire-grate  of  the  Rocket  had  been  the  same,  the  consumption  of  the 
latter  engine,  with  its  power  of  exhaustion,  would  only  have  been  361  lbs.  ,* 
showing  that  the  force  of  draught  was  so  much  greater  in  the  Scms  PareU^  ai  to 
consume  nearly  twice  the  quantity  of  fuel  in  the  same  time. 

''  This  will  satisfactorily  account  for  the  apparent  anomaly  in  the  consumption 
of  fuel  with  this  engine,  compared  with  that  of  the  old  engines,  having  a  auglo 
tube  ;  otherwise,  though  not  liKely  to  come  up  to  the  Rocket  in  point  of  economy 
of  fuel,  we  should  have  expected  an  effect  considerably  greater  than  in  the  oU 
engines.  The  combustion  of  the  fuel  being  so  very  rapid,  and  the  abstracting 
surface  so  small,  the  heated  air  would  pass  off  at  a  very  high  temperature;  thm 
accounting  for  the  loss  of  effect  The  knowledge  of  this  fact,— or  rather, 
availing  ourselves  of  this  power  for  the  purpose  of  creating  a  dimight  in  the 
chimney, — leads  us  to  an  mquiry  of  great  interest  By  an  extension  in  theoe 
of  these  tubes  of  small  diameter,  there  is  little  doubt  of  our  being  able  (s9- 
posing  we  can  force  the  necessary  quantity  of  air  throi^h  them),  to  reduce  the 
temperature  of  the  heated  air,  before  its  exit  into  the  chimney,  neariy  equal  to 
the  water  in  the  boiler.  This  would  be  abstracting  all  the  usefUl  heat,  and  pro- 
bably effecting  all  the  economy  of  which  the  Aiel  is  susceptible. 

''  Perhaps  it  would  not  be  advisable  to  carry  it  quite  so  far  as  this ;  for  when 
the  temperatures  become  nearly  equal,  the  abstraction  of  heat  would  be  so  slor 
as  to  require  a  greater  length  of  tube  than  it  would  be  convenient  to  emnbf. 
We  maj^,  therefore,  suppose  that  in  all  cases  the  temperature  of  heated  anr 
passing  into  the  chimney  will  be  greater  than  that  of  tne  water  in  the  bailer.^ 
This  heat  will,  however,  be  insufficient,  in  engines  of  this  kind,  to  cause  a  nfr^ 
cient  quantity  of  air  to  pass  through  die  fire  for  the  purpose  of  eombustioop 
and  it  becomes  a  question,  whether  we  shoidd  allow  a  portion  of  the  beat  1^ 
escape  for  that  purpose,  or,  by  contracting  the  exit  of  the  escape  of  the  sleas 
from  the  cylinders  mto  the  chimney,  to  effect  the  same  object 

**  Whether  the  last  method  is  the  most  economical  or  not,  though  there  i^ 
every  reason  to  suppose  it  is,  perhaps  it  is  the  only  one  with  these  engines  diat^ 
is  suitable  for  their  action  upon  railways,  especially  for  quick  travelling.    Ili^ 
performance  of  those  engines  depends  entirely  upon  the  quantity  of  steam  thejT 
can  raise  in  a  given  time ;  and  when  travelhng  at  the  rate  of  fifteen  mfles  ap 
hour,  or  upwards,  the  production  of  steam  is  required  to  be  very  n^id  indeed  z 
the  mode  of  producing  a  proper  draught  through  the  fire,  by  tmowinf  tb^ 
steam  into  the  chimney,  after  its  passage  through  the  cylinders,  is,  penm 
tlierefore  the  best ;  as  the  quicker  the  engines  travel,  and  when,  conseqtienay* 
the  necessity  for  steam  is  the  greatest,  the  then  rapid  and  almost  oontinaoa^ 
exit  of  the  steam  into  the  chimney,  increasing  in  proportion  to  the  inereaw^ 
speed  of  the  engine,  produces  at  the  same  time  a  correspondingly  greater  quan- 
tity of  steam. 
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locket  engine,  this  mode  of  increasing  the  draught  of  the  chim- 
partially  used ;  the  steam  was  made  to  pass  into  the  chimney 
one  from  each  cylinder,  and  the  size  of  the  aperture  was  not, 
Bdently  small  to  cause  the  steam  to  pass  into  the  chinmey  with 
e;  still,  in  that  engine,  we  find  it  only  reauired  11.7  lbs.  to  evapo- 
Toot  of  water, — 36  per  cent,  less  than  witn  the  old  engines.  We 
ds  find,  that  this  has  been  considerably  more  reduced  in  the  engines 

teliy  engine  is  on  a  different  principle  from  those  previously  con* 
necessary  supply  of  air  to  the  fire  being  produced  by  a  bellows, 
a  chimney  becomes  unnecessary,  and  from  the  way  in  which  the 
onstructe^  the  air  was  forced  through  the  fire  m  a  very  con- 
npressed  state.  The  area  of  fire-grate  being  little  more  than  one- 
if  the  Rocket,  and  the  surface  exposed  to  the  radiant  action  of  the  fire 
•half  the  temperature  to  which  the  fire  was  raised,  must,  of  course, 
ily  greater,  to  evaporate  an  equal  quantity  of  water  in  the  same  time, 
on  of  heat  would  be  probably  more  perfect  in  the  Novelty^  for  the 
which  the  flame  and  heated  air  passed  in  its  exit  to  the  atmo- 
S  feet  in  length  in  one  tube ;  whereas  in  the  Rocket  there  was  the 
though  submvided  into  six  tubes.  It  is,  however,  extremely  ques^ 
ther  one  tube,  36  feet  Ion? ,  or  6  tubes,  each  6  feet  long,  of  the 
i  area,  are  more  preferable ;  the  latter  would,  of  course,  give  a 
:  exposure  of  siurface.  The  area  of  exit  of  the  heated  air  into  the 
)f  the  Rocket,  was  25  times  that  of  the  Novelty  ;  from  which  we 
the  degree  of  compression  necessary  to  force  the  same  quantity  of 
he  fire ;  though  we  do  not  say,  that  to  raise  an  equal  quantity  of 
lal  quantity  of  air,  in  that  highly  compressed  state,  is  necessary, 
luch  to  be  regretted,  that  the  experiment  with  the  Novelty  could 
lued  sufficiently  long  to  ascertain  the  power  of  raising  steam  by 
the  inquiry  was  of  the  utmost  importance.  Theoretically  consi- 
re  of  opmion,  that  this  mode  of  generating  steam  is  more  econo- 
it  of  fuel,  than  in  engines,  the  combustion  of  the  fire  of  which  is 
e  rarefication  in  the  chimney ;  but  there  are  practical  objections  to 
lis,  of  which  the  destruction  of  fire-bars,  and  the  power  required 
bellows,  are  not  the  least  We  say  theoretical,  because,  suppose 
rs,  the  area  of  the  grate-bars,  extent  of  radiant,  and  communicative 
in  both  the  same,  except  the  area  of  exit  pipe  into  the  chimney, 
he  generator  worked  by  the  bellows,  is  one  naif  of  thai  by  exhau»- 
liimney.  If  the  same  quantity  of  air  pass  through  the  grate-bars 
with  the  bellows  will  necessarily  be  in  a  more  compressed  state,  to 
le  quantity  of  heated  air  through  the  narrow  exit ;  and  this  com- 
of  the  heated  air  will,  of  course,  cause  more  of  the  caloric  to  be 
an  in  the  other  case ;  for  we  suppose  the  temperature  reduced  to 
both  cases,  in  the  exit  pipe.  For  if  the  heatea  air,  in  both  cases, 
limney  of  the  same  area,  and*  equal  to  that  of  the  exit  pipe  from 
*,  on  the  exhaustion  principle ;  the  temperature  of  the  neated  air 
ed  to  be  the  same,  in  both  cases,  in  the  exit  pipe :  the  heated  air 
erator  with  the  bellows  wiU,  therefore,  have  to  expand  itself  in  the 
>  twice  its  volume,  which  will,  of  course,  reduce  its  temperature 
'  the  other ;  thus  proving  a  more  complete  abstraction  of  toe  heat. 
!8tion  is,  whether  the  disadvantage  in  practice,  consequent  upon 
of  such  a  principle,  does  not  counterbalance  any  advantage  gained 
ay  of  fuel ;  and  this  we  must  leave  to  experience  to  determme. 
stion  between  the  two  modes,  however,  assumes  a  new  charac- 
application  of  the  steam  from  the  cylinder  to  create  a  current  of 
mn^ ;  as  in  that  case  we  can,  by  the  use  of  a  greater  number  of 
\y  reduce  the  temperature  so  low,  until,  if  advisable  to  do  so,  it  is 
of  the  water  in  the  boiler.  And  it  then  becomes  a  subject  of 
'.h  of  the  two  modes  occasions  a  greater  loss  of  power  in  obtain- 
NHuy  current  of  air ;   the  working  of  the  bellows  in  the  one  case^ 
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or  the  lots  of  power  by  the  ab«tnict«d  passage  of  the  steam  into  tlie  cUmnej, 
in  Ihe  other. 

*'lt  iaperhapa  neceisary,  after  the  above  disquisilion,  to  explain,  K)fBTBin 
are  able,  the  cause  of  tlie  failure  of  the  Nov«Uy  engine  at  the  Liverpool  elfieri- 
ments ;  to  show  that  it  arose  from  no  defect  in  the  principle,  but  onlv  in  dn 
construction  of  that  engine.  It  will  be  seen  by  the  sketchet  ij  thii  enginr,  that 
the  flame  and  heated  air,  after  leaving  the  tire,  paiaed  through  die  viodilig 
pipe  of  the  horizontal  generator.  The  generator  was  only  12  inchea  diamelfr, 
and  there  were  three  folda  of  the  Sue-tube  within  it,  in  ^ameter  from  4  iKba 
atone  end,  to  3  inches  at  the  other;  very  little  space  was  therefore  leflfaetwtn 
the  flue-tube  and  the  top  of  the  generator.  The  temperalure  of  the  flune 
within  this  tube,  when  the  engine  was  running  at  a  quicS  rate,  would  be  toj 
great,  especially  where  it  left  the  upright  generator ;  and  the  evolution  of  best 
would,  therefore,  be  so  rapid,  that  die  passage  of  the  steam  out  would  ptenat 
the  water  from  flowing  along  this  horizontal  generator;  and  the  conieqiintn 
was,  that  (he  flue-tube  got  dry,  and  either  collapsed  with  the  heat  and  ptetmrr, 
or  gave  way  at  the  joint.  This,  it  will  be  seen,  however,  atiaes  from  no  defrcl 
of  principle,  and  was  easily  remedied." 

The  performance  of  the  improved  locomotive  engines  upon  a  level  railwtf, 
has  been  estimated  at  from  30  to  40  tons,  moved  at  the  rate  of  15  milnii 
hour;  according  to^ which  the  following  table,  reduced fhira  Mr.  Wood's  ctten- 
lations,  will  show  the  quantity  at  different  inclinations  of  plane. 
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The  following  extracts  from  the  newspapers  (which  we  bellere  are  Kilal* 
tially  correct)  anbrd  an  account  of  some  interesting  experiments,  whid  A** 
what  the  locomotives  and  the  railway  are  capable  of 

"On  Saturday,  the  4th  of  December,  1830,  the  P}met  ensme,  Mr.  SKn«- 
•on's,  took  the  flrst  load  of  merchandise  which  has  passed  SUmg  llw  ni*9 
from  Liverpool  to  Manchester.    The  team  consisted  of  18  onrugei^  caaH^ 
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hag*  and  bslea  of  American  cotton,  200  barrels  of  floar,  63  Mckt  of  oat- 
,  and  34  lacki  of  malt,  weighing  altogetlier  51  torn,  II  cwt.  1  quurtei. 
liU  nuist  be  added  the  weight  of  the  waggons  and  oil-clothi,  23  tons,  8  cwL 
irten.  Tender,  water  and  fuel,  4  tons,  and  15  persons  on  the  team, 
I,  making  a  total  weight  of  SO  tons,  exclusive  of  tlie  engine,  about  6  tons, 
inume;  was  performed  in  2  hours  and  S4  minutes,  including  tlireeatoppagei 
minutei  each  (one  only  being  necessary  under  oMinary  circumstancei),  for 
J,  watering,  and  taking  in  fuel ;  under  the  disadvantages,  alio,  of  an 
[•e  Kind,  and  of  a  great  odditional  tViclion  in  the  wheel*  and  axles,  owin|; 
rir  being  entirely  new.  The  team  was  assisted  up  tbe  RainhiU  inclined 
;  by  other  engines,  at  the  rate  of  9  miles  an  hour,  and  descended  tlie 
Cl  incline  at  the  rate  of  IG}  miles  an  hour.  Tbe  average  rate  on  the  other 
of  the  road  was  12}  miles  an  hour,  the  greatest  speed  on  the  lerel  being 
DiIeB  an  hour,  which  was  raaintained  for  a  mile  or  two  at  different  periods 
e  journey." — Lieerpoai  Paper. 

IB  annexed  experiment  snows  the  velocity  of  motion  that  had  been 
led  on  the  railway  at  the  period  mentioned. 

The  journey  between  the  two  places  was  on  the  23d  of  November  (IB30) 
imed  by  tbe  Planet  engine  in  60  minutes,  including  2  minute*,  the  lime 
oyed  in  taking  in  water  on  the  road,  as  usual. 

The  motive  tor  performing  the  journey  was  that  the  engine  had  been 
gad  to  bring  up  from  Manchester  to  Liveipool  some  voters  for  the  election, 
bjr  some  cause  or  other,  the  lime  of  setting  out  was  delayed,  rendering  it 
uary  to  use  exiraordmary  dispatch  in  order  to  convey  the  voter*  to  Liver- 
tn  ume." — Lherpooi  Paper. 

be  application  of  compressed  air  to  the  propulsion  of  carriages,  was  also 
opt^  by  the  ingenious  Mr.  Samuel  W.Wright,  who'had  a  patent  for  the  same 
ipiil,  1828.  As  the  mechanical  combinations  of  this  gentleman  usually 
Ma*  great  interest,  from  their  originality  and  a  skilfiil  mode  of  applying 
n,  we  shall  here  introduce  a  description  of  hia  locomotive  machine,  wiw 
renee  to  tbe  following  cut. 


k  above  figure  represent*  a  tide  view  of  the  machine,  partly  in  section. 
b2  tbe  other),  having  semisphcrical  ends  ^r  containing  the  compreued 


iue  ue  mounted:  at  b  there  i 


being 
ither 


Mpberic  air;  these  vessels  are  filled  by  niEansof  pipes 
I  a  stationary  reserroir  under  the  required  pressure,  or  by  iiicmis  ui  mi- 
ft.  For  tbe  purpose  of  increasing  the  elastic  force  of  the  compressed  air, 
dlowed  la  enter  through  pipes  and  cocks  at  d  into  a  tliird  cylinder  e, 
A  abore  tbe  two,  and  extending  over  one  of  their  extremities ;  under  tha 
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middle  of  this  third  cylinder  there  is  a  small  furnace,  whereby  the  air  is  heated, 
and  its  expansive  force  increased  before  entering  llie  working  cylinders  of  tbe 
engines,  which  are  situated  at  L  This  heating  is  chiefly  effected  by  a  pipe  g, 
proceeding  from  the  furnace,  and  entering  a  series  of  tubes  contained  in  the 
cylinder  e.  When  the  air  has  acquired  suflicient  elasticity,  it  is  admitted 
through  a  pipe  h  into  the  slide  valves  i,  and  thence  into  the  cylinders ;  tlie 
valves  being  worked  by  eccentrics  and  rods  in  the  U!«ual  manner,  as  partly 
shown.  The  force  is  communicated  by  the  piston  rods  to  connecting  rods  at 
n  71,  which  give  rotation  to  the  cranks  at  o,  the  shaft  p,  and  the  drums  g,  which 
are  connected  by  bands  or  straps  to  the  drums  at  s ;  these  being  fixed  upon  the 
naves  of  the  running  wheels  /  /,  comnnuiicate  motion  thereto,  and  propel  the 
carriage. 

Steam  may  be  generated  by  the  furnace /in  a  small  boiler  or  pipes,  and  he 
then  conducted  to  the  cylinder  e,  where  giving  out  a  portion  of  its  neat  to,  and 
combining  with,  the  compressed  air,  the  air  is  thereby  rendered  more  elastic. 
Thtt  heat  or  steam  from  the  furnace  /  may  be  conducted  to  the  engines  (without 
nsing  the  third  cylinder  e  e),  and  there  unite  with  the  compressed  air  from  the 
cylinders. 

Mr.  Wright  does  not  describe,  but  merely  mentions  that  tbe  man  baviBg 
charge  of  the  machinery  may,  by  **  any  proper  connecting  gear,  control  the 
working  of  the  engines,  valves,  cocks,  and  force  pump,  and  stop  or  abate  the 
speed  of,  or  set  the  carriage  going,  as  may  be  requisite  ;"  and  he  proposes  thai 
an  eccentric  motion  be  added  to  the  shaft  p,  which,  by  a  connecting  rod,  shall 
**  work  a  pump,  to  compress  and  force  air  into  either  of  the  cylinders,  when  the 
carriage  is  going  down  hill,  and  which  will  serve  also  as  a  brake  to  check  the 
speed  in  descending."     When  the  carriage  is  to  be  guided  out  of  the  straight 
line,  the  winch-handles  1  1  arc  to  be  turned  round,  and  a  bevel  wheel  f»n  theff 
shaft  2,  acting  on  another  bevel  wheel  on  the  end  of  the  upright  rod  #3,  comna- 
nicates  motion  to  the  pulley  4 ;  upon  this  pulley  are  attacncd  the  ends  of  two 
chains,  5,  their  other  ends  being  connected  to  the  pulley  6,  upon  the  shaft  7; 
on  this  shaft  is  another  pulley  8,  with  the  ends  pf  two  chains  9  9  fastened  t«  it^ 
their  other  end  being  connected  to  the  opposite  sides  of  the  axle  of  the  fore- 
wheels  ;  upon  motion  being  given  to  these  drums,  the  chains  are  wound  on  and 
off  them,  and  cause  the  axletree  9  9  to  turn  out  of  the  right  angle  to  the  track 
of  the  carriage,  thus  causing  it  to  travel  in  a  curved  line.    At  different  staboiM 
on  the  road  on  which  the  carriage  is  intended  to  travel,  strong  metal  resenroiii 
are  to  be  placed,  which  are  to  be  filled  with  atmospheric  air,  compressed  to  the 
required  density  by  a  common  force  pump,  worked  by  steam  or  water  power. 
From  these  reservoirs  the  air  is  to  be  passed  through  proper  connecting  pip^ 
and  cocks  into  the  cylinders  hb  contained  within  the  carriage,  for  the  mypy^ 
the  engines. 

Mr.  Wright's'patent  also  includes  a  rotative  engine,  to  be  worked  by  air  * 
steam,  for  propelling  the  carriage,  which  possesses  no  peculiarities  6etDMD^ 
of  notice  in  this  place.  The  claim  as  to  the  application  of  tbe  locomotive 
power,  relates  "  to  the  propelling,  drawing,  or  moving  wheel  carriages  by  tke 
agency  of  compressed  air,  heated  and  used  in  the  manner  above  desoibed.'' 

Mr.  Clive,  of  Chcll  House,  Staffordshire,  took  out  a  patent  on  the  latof  Jwf 
1830,  for  "  certain  improvements  in  the  construction  of,  and  macbintfy  ^> 
locomotive  ploughs,  harrows,  and  other  machines  and  carriages,**  in  which  W» 
chief  objects  appear  to  be  twofold ;  Jirst,  the  enlargement  of  the  wherfi  * 
which  the  locomotive  engine  is  supported  and  moves  ;  and  tecaU,  ^ 
enlargement  of  the  radius  of  the  crank,  by  which  the  rotation  of  the  beantf 
wheels  is  produced.  He  considers  that  the  bearing  wheels  might  be  vari«J 
according  to  circumstances,  from  about  five  to  ten  feet ;  and  that  the  radiiv* 
the  cranks  should  vary,  according  to  the  quality  of  the  road  or  land,  if  emphjp 
for  ploughing  and  harrowing,  on  which  they  are  to  be  employed,  from  abc^ 
eighteen  to  twenty-four  inches. 

This  gentleman  has,  we  believe,  under  the  signature  of  Saxufa,  written  maiy 
ingenious  papers  in  the  Mechanics  Afagazine,  in  support  of  his  theory,  of  th* 
necessity  of  long  cranks  to  the  effective  action  of  locomotive  machines  op* 
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amnion  roads  where  the  hills  are  considerahle,  or  the  obstructions  of  an  abrupt 
ature.  It  will  not  accord  with  our  limits  to  enter  the  controversy  which  has 
risen  upon  the  subject ;  but  we  will  just  briefly  state,  that  from  a  cursory 
lance  at  the  matter  in  dispute,  it  appears  to  us  tl^t  Saxula  considers  the 
ropelling  power  is  exerted  only  in  a  vertical  direction  downwards;  and  that 
>nsequent]y  any  obstacles,  such  as  a  stone  lying  before  the  path  of  a  wheel,  at 
greater  distance  from  the  lowest  point  of  it  than  is  the  length  of  the  crank, 
uinot  by  any  power,  however  great,  be  surmounted.     But  on  the  other  hand 

is  contended,  that  the  propelling  power  acts  uniformly  throughout  the  circle, 
le  same  as  if  it  were  communicated  directly  by  the  piston  of  a  rotatory  engine. 

A  machine  for  ''  propelling  carriages,  vessels,  and  locomotive  bodies,"  was 
wented  and  patented  by  Mr.  Robert  Crabtree,  of  Haleswbrth,  in  Suffolk,  on 
lie  4th  of  July  1829,  the  arrangement  of  which  exhibits  considerable  mecha- 
ical  skill ;  but  the  **  principle '  of  its  locomotive  action  having  already  been 
atented  by  Mr.  Holland,  as  described  by  us  in  a  previous  page,  Mr.  Crabtree*a 
Qgenious  modification  will  serve  him  but  little ;  there  is,  however,  no  proba- 
ility  that  either  can  be  brought  to  compete  with  the  machinery  now  in  general 
Me,  on  account  of  the  greater  degree  of  friction  and  liability  to  derangement, 
rhich  numerous  reciprocating  levers  must  necessarily  cause  over  the  continuous 
otatory  movement  Mr.  Crabtree  thus  explains  the  nature  of  his  invention,  in 
lie  introduction  to  his  specification  : — 

'*  This  invention  consists  in  a  machine  or  apparatus,  or  arrangement  of 
aechanism,  which  is  put  in  motion  by  means  of  a  pendulum,  or  lever,  acting 
ipon  two  lever  chains,  or  systems  of  levers,  commonly  called  "  lazy  tongs," 
rnich,  by  their  alternate  expansive  and  contractive  motion  in  propelling 
reights  to  and  fro  upon  a  main  beam,  balance,  or  lever,  act  by  means  of  crank 
ods  upon  the  cranks  of  paddle  wheels  in  relation  to  vessels,  and  upon  common 
rheels  in  relation  to  carriages,  and  upon  toothed  wheels,  drums,  straps,  or  bands, 
a  relation  to  fixed  machinery  ;  and  also  by  means  of  propellers  in  relation  both 
0  vessels  and  carriages,  thereby  producing  progressive  motion."  Mr.  Crabtree 
heo  proceeds,  by  means  of  drawings,  to  show  the  application  of  the  invention 
0  the  propulsion  of  vessels;  by  one  method  he  gives  motion  to  a  paddle  wheel, 
ind  by  another  to  propelling  sticks,  which  are  to  push  out  against  the  ground  at 
the  bottom  of  a  canal.  Having  described  these  navigating  propellers,  the 
patentee  observes  that,  "  it  is  obvious  that  the  same  mode  of  operation  equally 
applies  to  the  propelling  of  locomotive  bodies  upon  land ;  for  which  purpose, 
nothing  more  is  necessary  than  to  apply  the  cranks  to  the  axes  of  the  carriage 
wheels,  instead  of  the  paddle  wheels,  or  to  propel  them  by  the  action  of  the 
inain  lever  on  the  propellers." 

The  next  candidate  for  the  Royal  letters  appears  to  be  Mr.  John  Moore,  of 
thtcity  of  Bristol,  to  whom  they  were  granted  on  the  30th  of  September,  1829, 
»*  "certain  new  or  improved  machinery  for  propelling  carriages;  also  for 
Mteelling  ships,  vessels,  or  other  floating  bodies,  and  for  guiding  propelled 
nonages,  and  apparatus  for  condensing  the  steam  of  the  steam-engines  after  it 
^  propelled  the  steam-engine  piston.'  The  details  of  all  these  things  would 
'cciipy  too  much  space,  and  the  quality  of  the  inventions  do  not  seem  to 
^Qire  it  from  our  hands ;  we  shall,  therefore,  briefly  notice  the  principal  heads, 
*^  refer  the  reader  to  the  inrolled  parchment  "  for  further  particulars."  The 
'^^^elliog  is  eflected  by  a  series  of  vibrating  levers  (actuated  by  a  steam 
''^^Bs)*  and  operating  upon  the  running  wheels  of  the  carriage.     The  mode  of 

SUidfog  propelled  carriages "  is  by  means  of  a  vertical  spindle  carrying  a 
NW,  around  which  a  cord  or  chain  is  passed  as  well  as  around  other  pulleys, 
V  wnich  the  frame  of  the  fore  wheels  is  placed  at  the  required  obliquity  to  the 
i^nik ;  and  the  mode  of  condensing  the  steam,  after  it  has  propelled  the  piston, 
^  by  allowing  it  to  escape  from  the  eduction-pipe,  into  a  box  opened  to  the 
•teaogphere. 

A  patent  for  "certain  improvements  in  steam  boilers,  and  in  carriages 
Jwinected  therewith,  "  was  taken  out  on  the  2d  of  November,  1829,  by  Colonel 
Viney  of  the  Royal  Artillery ;  the  specification  of  which  informs  us,  that  they 
Coniiat,  first,  in  a  boiler  made  up  of  a  serieB  of  cylinders  or  tubes,  placed  m 
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witllin  each  other.  The  difference  bclireen  the  diameten  «( Ac 
tubes  is  such  as  to  leave  annular  tpacea  between  tliem.  The  tubea  ture  mule 
■omewhat  conical,  and  they  are  placed  altemnlely  vith  their  wide  and  nimnr 
ends  upvarda,  so  that  (Jie  spaces  between  them  ellematel;  taper  towatda  the 
top  and  bottom.  Those  spaces  which  taper  towards  the  top  are  open  at  bol)i 
ends,  and  used  ai  ffues  for  the  passage  of  flame,  smoke,  &c.,  from  a  fiinuce  U 
the  bottom  of  the  apparatus ;  and  tne  spaces  which  widen  toward*  the  top.  in 
closed  at  both  ends,  and  used  to  contain  water  anditeam.  A  communiatiRl  il 
introduced,  for  the  passage  of  steam  from  one  space  to  another.  There  are  i 
aeries  of  opening  fur  the  escape  of  smoke,  and  to  produce  a  draft  through  llw 
flues.  We  have  only  described  one  of  a  series  of  boilen  which  the  paltntn 
proposed  to  employ  when  much  power  is  required  ;  and  these  he  arrangn  in  ( 
circular  position,  or  any  other  which]  may  be  found  most  niitable  to  llw 
apace  to  be  appropriaied  to  the  boilers  of  steam  carriages,  the  propelling  gf 
which  seems  to  be  his  principal  aim.  The  advantages  contemplated  by  lUi 
arrangement  are  the  great  extent  of  surface  exposed  to  the  beat ;  bat  h  wiB 
be  readily  perceived  that  tliis  docs  not  possess  the  strength  of  a  tnbular  boikr, 
as  all  parts  will  necessarily  be  subjected  to  the  same  degree  of  preanire,  andtk 
exterior  vessel  must,  from  its  size,  be  regarded  rather  aa  a  cylindrical  thin  a 
tubular  boiler. 

The  foregoing  is  what  the  Colonel  (now  General)  Viiiey  describes  as  hii  in- 
vetilion ;  but  he  claims,  in  addition,  the  doing  away  with  the  ose  of  sepsntm 
and  blowing-machines  in  eteam  carriages.  With  respect  to  the  firrt  of  ikeN 
extraordinary  prohibitions,  we  must  leave  Mr.  Gumey  to  contest  the  pMSt  wiA 
the  gallant  General. 

One  of  the  chief  difRculties  in  the  application  of  locomotive  carriaeM  to  nil- 
ways  has  been  to  obtain  tufScient  friction  or  adhesion  between  the  driring 
wheels  and  the  rails  to  cause  them  to  ascend  planes  of  conaiderable  in 
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a  third  or  friction  rail  between  tbe  two  bearing  rails.  This  friction  rail  consists 
of  a  flat  piece  of  iron  extending  along  the  middle  of  the  road,  and  securely 
fixed  in  a  vertical  position,  as  represented  in  section  in  the  annexed  figure.  On 
each  side  of  this  friction  rail,  which  is  made  of  considerable  deptb,  is  placed  a 
horizontal  friction  roller,  as  shown  at  c  d.  The  roller  c  being  made  considerably 
laiger  than  d,  and  fixed  upon  its  vertical  shaf^  e,  while  d  is  permitted  to  turn 
fireely  on  its  vertical  shaf^  /.  On  the  driving  axis  g  is  fixed  a  bevel  wheel  A, 
which  turns  another  bevel  wheel  t,  fixed  upon  the  vertical  shafl  e  of  the  driving 
roller  c.  The  bearings  of  this  driving  roller  and  its  shaft  are  firmly  fixed  to  the 
under  side  of  the  locomotive  carriage  by  the  block  shown  at  k,  and  the  bearings 
of  the  friction  roller  d  are  hinged  to  the  block  at  /,  that  it  may  at  pleasure  be 
p^ed  against  the  friction  rail  a,  by  the  lever  ira.  This  lever  is  wrought  by 
■''^Sing  it  within  reach  of  the  engineer  or'his  assistant,  who,  acting  upon  the  long 
arm  of  a  powerful  lever,  causes  any  degree  of  pressure  upon  the  friction  rail  by 
nipping  it  between  the  rollers,  c  d\  hi  the  same  time  the  driving  wheels  n  and  o 
of  the  carriage  are  released,  and  permitted  to  turn  independently  of  the  driving 
axis  Qy  by  shifting  the  binding  rings  p  q.  When  the  friction  driving  apparatus 
is  in  action,  the  wheels  n  and  o  become  simply  supporting  wheels,  and  run  or 
the  supporting  rails  r  r.  The  patentees  confine  their  claim  to  the  driving 
apparatus  which  we  have  described,  though  they  state  that  it  may  be  put  in 
motion  through  the  medium  of  the  driving  axis,  by  the  steam  engine  employed 
to  actuate  the  driving  wheels,  of  the  usual  constniction,  or  a  separate  cylinder 
may  be  employed  to  give  motion  to  the  patent  driving  apparatus.  The  depth 
of  the  friction  rail  a  must  necessarily  be  varied  to  correspond  with  the  inclination 
of  the  steepest  plane  on  which  it  is  to  be  applied. 

There  is  evidently  considerable  ingenuity  displayed  in  these  arrangements, 
bat  we  doubt  whether  the  patentees  have  hit  upon  the  readiest  way  of  obtaining 
an  increase  of  adhesion  by  an  increase  of  tne  surface,  and  pressure  of  the 
movable  and  stationary  parts  in  contact 

The  next  locomotionist  who  received  the  great  seal,  was  Mr.  Nathan  Gough, 
of  Salford,  some  of  whose  arrangements  possess  originality,  and  are  not  desti- 
tute of  merit.  The  form  of  the  vehicle  for  the  reception  of  the  passengers  is 
nmilar  to  that  of  an .  ordinary  stage  coach,  having  a  great  boot  behind,  and 
another  in  front,  for  containing  the  principal  parts  of  the  propelling  machinery. 
Under  the  back  seat  of  the  carriage,  extending  its  entire  length,  and  about  a 
foot  more  in  depth,  is  an  iron  case,  which  encloses  four  vibrating  engines  on 
trunnions,  working  as  many  throws  of  a  crank,  radiating  from  their  common 
axes  at  uniform  angles  of  90o  with  respect  to  each  other.  This  cranked  axis 
ia  lengthened  out  beyond  the  range  of  the  engines  about  one  foot  on  each  side, 
whereon  are  placed  two  pitch  chain  wheels;  around  these  pass  two  endless 
jatched  chains,  which  also  go  round  two  similar  chain  wheels,  fixed  to  the 
rmminff  wheels  of  the  carriage.  The  chain  wheels  are  made  so  as  to  run  loose 
opon  the  cranked  shaft,  and  are  fixable  thereto  at  pleasure,  by  means  of 
coupling  boxes,  placed  under  the  control  of  the  guide  or  steersman,  so  that  he 
may  slide  them  mto  or  out  of  gear  according  to  circumstances,  by  simple  pres- 
amre  with  his  feet  upon  two  "  foot  levers,"  one  for  each  foot,  so  that  by  pressing 
on  the  right  the  chain  wheeb  are  locked  to  the  axis,  and,  by  pressure  on  the 
left,  the  wheels  are  unlocked  by  sliding  back  upon  the  axis  when  they  run 
looae;  that  is,  the  rotation  of  the  axis  by  the  force  of  the  engines  does  not 
import  motion  to  it  By  another  movement  the  chain  wheels  are  brought  into 
action,  with  contiguous  gear  for  producing  a  slow  motion,  as  in  ascending  a 
hSXLi  but  when  the  work  becomes  lighter,  the  steersman,  by  his  foot,  shifts 
hack  the  chain  wheels  to  the  quick  motion,  or  he  may  entirely  disengage  the 
emmecting  parts,  and  thereby  stop  the  progress  of  the  carriage. 

Tbe  firont  wheels  of  the  carriage  have  separate  independent  axles,  which  turn 
horixontally  upon  a  perpendicular  column  affixed  to  the  fore  framing.  To  guide 
the  carriage,  the  steersman  sitting  in  front  turns  a  vertical  spindle,  the  lower 
extremity  of  which  carries  two  arms,  that,  by  connecting  rods  attached  to  the 
aeparate  frames  of  the  two  fore  wheels,  places  them  in  the  oblique  direction 
required  according  to  the  curve  of  the  road.     Each  of  the  fore  wheela  hcviv^ 
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thus  made  to  turn  on  its  own  centre,  renders  the  action  of  guiding  exceedingly 
easy. 

The  boiler  is  situated  quite  at  the  back  of  the  carriage)  and  it  is  judicioiuljr 
formed  of  a  large  cylinder,  with  a  series  of  small  tubes  passing  through  it  for 
the  furnace  flues.  The  lower  part  of  the  boiler  is  divided  by  perpendicular  pu^ 
titions,  to  prevent  the  water  from  leaving  it  uncovered  during  the  ascent'  or 
descent  of  nills  or  inclined  planes,  or  from  the  effects  of  other  disturbing  causes. 
To  regulate  the  admission  of  the  steam  to  the  cylinders,  and  its  exit  therefrom, 
a  species  of  three-way  cock  is  employed ;  this  is  placed  under  the  control  of  ihe 
guide,  so  that  he  may  diminish  or  increase  the  quantity,  and,  by  a  further  ttun, 
should  it  be  desired  to  stop  the  carriage  suddenly,  allow  the  steam  to  blow  off.  Tbe 
steam  from  the  last-mentioned  cock  next  passes  through  a  **  distributing  eock/'aod 
then  enters  each  cylinder  through  passages  on  its  trunnions,  regulated  by  acock 
fixed  on  each,  which  admits  the  vapour  alternately  on  each  side  of  the  pistons,  as 
the  cylinders  vibrate  on  their  centres.  The  steam  which  is  forced  out  of  the  work- 
ing cylinders  by  the  back  stroke  of  the  pistons,  is  conducted  through  a  pipe  into 
a  chamber,  which  the  patentee  calls  the  heating  chest;  wherein  is  also  recei?ed 
the  steam  that  blows  off  from  the  safety  valve.  There  is  a  vessel  connected 
with  the  boiler,  containing  a  float,  by  means  of  which  the  amount  of  water 
forced  into  the  boiler  is  regulated.  Tliis  pump  is  worked  by  a  lever,  acted  opon 
by  a  cam,  that  revolves  upon  the  crank  shaft.  The  water  for  the  supply  of  tbe 
boiler  is  forced  by  the  pump  through  a  long  winding  tube  in  the  heating  chest, 
by  which  the  temperature  of  the  fluid  becomes  considerably  heated  before  it 
enters  the  boiler.  There  is  also  a  float  in  the  boiler,  connected  with  the  water 
way  of  the  pump,  which,  as  the  water  rises  in  the  boiler,  closes  the  supply  vaivv^ 
so  that  if  the  pump  continues  in  action,  no  more  water  can  be  injected,  bat  it 
will  be  returned  through  the  cold  water  pipe.  There  are  two  water  tanks,  one 
on  each  side  of  the  carriage,  next  to  the  hind  or  propelling  wheels,  and  betweoi 
these  tanks  is  the  coal-hole. 

The  introduction  of  railroads  and  other  facilities  of  transport  has  for  many 
years  past  occupied  the  attention  of  the  citizens  and  legislature  of  tlie  Uoitea 
States  of  America,  and  every  improvement  made  in  that  country  of  a  decided 
or  specious  character,  soon  after  makes  its  appearance  here,  under  the  pro* 
tection  of  the  great  seal.  Amongst  the  many  ingenious  men  who  have  impcvted 
themselves  along  with  their  inventions,  is  Mr.  Ross  Winans,  of  Vernon,  in  New 
Jersey,  whose  patent  is  dated  the  28th  of  May  1830,  and  is  entitled,  "  Certain 
improvements  in  diminishing  the  friction  of  wheel  carriages,  to  be  used  on  laH 
or  other  roads."  Mr.  Winans'  proposition  for  effecting  this  desirable  achievement, 
is  a  very  ingenious  modification  of  various  other  abortive  plana  (which,  in  tbe 
language  of  mechanics,  and  for  the  want  of  a  more  suitable  term,  ia  denomi- 
nated) on  the  same  principle.  Mr.  Winans  suspends  the  weight  of  the  ctrriafe 
on  the  interior  of  a  set  of  friction  wheels,  whose  peripheries  extend  conaidertbiy 
beyond  the  axes  on  which  they  turn.  One  of  the  advantages  pointed  out  iNf 
the  patentee  is,  that  in  cases  of  slight  turnings,  or  [inequalities  in  the  railrotd, 
the  pivots  resting  on  the  peripheries  of  the  friction  wheels  will  pass  a  littlt 
backwards  or  forwards,  and  thus  permit  the  wheels  to  accommodate  themaelTCf 
to  the  rails.  Some  comparative  experiments  on  the  friction  of  the  axles  ef 
these  carriages  were  instituted  by  the  Manchester  and  Liverpool  Railwaf 
Company,  under  the  superintendence  of  Messrs.  Hartley  and  Rastrick,  of  wkicB 
Mr.  Wood  has  given  us  an  account,  which  we  are  induced  to  insert  inthispbec^ 
as  it  tends  to  throw  considerable  light  on  a  subject  upon  which  much  study  aad 
ingenuity  has  been  wasted. 

The  carriages  tried  were  the  several  contrivances  of  Messrs.  Wuuu, 
Brandreth,  and  Stephenson,  and  were  of  the  following  constniction.  In  Mr. 
Winans*  carriage  the  axles,  projected  through  the  naves  of  the  wheel,  were  naade 
to  run  upon  the  interior  of  the  periphery,  or  inside  of  the  rim  of  the  friction 
wheels.  The  body  of  the  carriage  No.  1  of  the  experiments,  consisted  of  a 
platform,  with  four  cast-iron  wheels,  each  20  inches  diameter,  which  ran  opon 
the  rails;  the  axles  of  these  projected  through  the  naves,  the  ends  being  ]| 
inches  in  diameter,  and  2  inches  long,  and  rolled  ujion  the  inside  of  the  rim  s* 
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foar  friction  wheels,  8    inches  in  diameter,  which  friction  wheels  were  sup- 

Sorted  by  a  journal,  1  inch  in  diameter,  and  l^  inch  long.     No.  2  did  not 
iffer  from  this  in  construction,  except  the  travelling  wheels,  which  were  in  this 
case  30  inches  in  diameter,  and  case  hardened. 

Mr  Brandreth's  carriage  was  also  mounted  on  friction  wheels,  but  the  axles 
of  the  traveDing  wheels  in  this  ran  upon  the  outside  of  the  rim  of  the  friction 
wheels,  and  were  kept  upon  the  apex  thereof,  by  guides.  The  carriage  No.  1 
was  a  platform,  resting  on  four  case-hardened  wheels,  30  inches  in  diameter ; 
the  axles  3  inches  in  diameter.  One  of  the  axles  rolled  upon  the  apex  of  the 
rim  of  two  friction  wlieels,  12  inches  in  diameter,  and  3  inches  broad  on  the 
rim  :  the  other  axle  rested  on  the  middle  upon  one  friction  wheel,  similar  to  the 
otber ;  this  arrangement  was  for  the  purpose  of  causing  the  four  travelling 
-wheels  always  to  preserve  their  parallelism  with  the  rails.  These  friction  wheels 
ran  upon  bearings  2  inches  diameter,  and  2^  inches  long.  No.  2  was  another 
carriage  of  similar  construction,  with  a  body  for  the  loading. 

Mr.  Stephenson's  carriage  consisted  of  a  platform  resting  on  four  travelling 
wheels,  3  feet  diameter,  case  hardened ;  the  axles,  as  shewn  in  the  drawing, 
passed  through  the  nave,  were  turned  down  to  14  inch  in  diameter,  and 
rested  upon  bearings  of  bras?,  3|  inches  in  length,  working  upon  springs. 
Knowing  that  the  friction  of  rolling  is  less  than  that  of  attrition,  Messrs. 
Brandreth  and  Winans  expected,  by  disposing  a  much  greater  portion  of  the 
motion  of  the  working  parts  into  a  rolling  motion,  than  in  the  common 
carriages  they  would  effect  a  corresponding  reduction  in  the  amount  of  friction. 
Hie  experiments  given  in  the  following  table  were  made  upon  a  part  of  the 
Lirerpool  Railway,  wrought  iron  rails  21  inches  broad  on  the  top,  and  the 
experiments  were  conducted  by  Mr.  Rastrick  in  the  following  manner : — The 
carriages  were  allowed  to  run  down  a  descending  plane,  at  the  bottom  of  which 
the  inclination  was  in  a  contrary  direction,  along  which  the  momentum 
icquired  in  their  descent  on  the  other  plane  caused  them  to  run  until  the 
friction  brought  them  to  rest  :  the  difference  of  level  between  the  two  planes, 
[in  the  space  passed  over)  with  the  distance  traversed,  giving  the  amount  of 
IHction.     The  Table  on  the  following  page  will  shew  the  result. 

In  making  these  experiments,  the  rails  were  swept  quite  clean,  and  kept  free 
Irofn  any  extraneous  matter  that  would  have  the  eftect  of  diminishing  fnction  ; 
though  when  worn  bright  with  use,  the  surfaces  will  be  much  smoother  than 
the  state  in  which  the  rails  were  when  the  experiments  were  made,  and 
therefore  we  may,  perhaps,  take  them  as  the  average  resistance  with  experi- 
mental carriages.  During  the  time  of  making  the  experiments,  the  wind  is 
Hated  to  have  been  blowing  across  the  line  of  the  road,  sometimes  with  a 
relocity  equal  to  three  miles  per  hour,  and  at^  other  times  quite  calm : 
temperature  varying  from  32^  to  35<>. 

On  examining  these  experiments,  it  will  be  seen,  that  the  reduction  of 
friction  which  was  anticipated  by  the  adoption  of  friction  wheels,  does  not 
miear  to  have  been  realised  ;  neither  does  the  reduction  in  the  diameter  of  the 
axles  of  Mr.  Stephenson's  carriage  produce  that  effect  which  might  have  been 
expected. 

Messrs.  Summers  and  Ogle  had  a  patent  in  April,  1830,  for  a  tubular  boiler, 
especially  designed  for  locomotive  purposes,  which  has  already  been  described 
Under  our  article  Boiler  ;  since  that  period  several  steam  carriac^es  have,  we 
believe,  been  constructed  by  the  patentees,  in  which  their  tubuiar  boiler  has 
been  introduced.  We  have  never  seen  any  of  these  machines,  except  the  frame 
of  one  that  was  constructing  at  the  premises  of  Mr.  Hayne,  the  engineer,  which 
appeared  to  us  to  be  very  ably  designed  and  executed.  Three  vibrating  cylin- 
ders were  placed  upon  it  at  the  back,  which  were  to  work  a  three-throw  crank 
«m  the  axis  of  the  running  wheels;  and  as  each  of  these  throws  were  120o 
apart,  or  equidistant  in  the  circle,  the  conversion  of  the  rectilineal  motion  into 
Rotatory  was  effected  with  great  uniformity  of  force.  Messrs.  Summer's  and 
Ogle's  carriages  were,  however,  seen  in  action  upon  many  of  our  public  roads 
by  niyriads  of  people,  and  the  reports  of  their  performances,  in  the  newspapers, 
generally  of  a  very  fiattenng  description  ;  but  sometimes  of  an  o\)^o«ilQ 
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luitaeter.  It  was  our  intenUon  to  have  inierted  tome  drawinpt  and 
boa  of  them,  which  we  have  been  promised,  hat  their  non-amval  at  the  tiine 
'€  are  going  to  preas,  obliges  us  to  omit  them.  In  lieu  of  them  we  shall  here 
laert  the  inventors'  own  accomU  of  the  construction  and  performance  of  their 
iniagesy  as  given  in  evidence  by  them  before  a  Committee  of  the  House  of 
cmimonsin  1831. 

**  Mr.  NalhamUl  Ogle  examined. — Has  (in  conjunction  with  Mr.  Summers) 
imbined  the  greatest  heating  surface  in  the  least  possible  space  with  the 
rongest  mechanical  ibrce,  so  Uiat  they  work  their  boiler  at  250  Ids.  pressure  of 
team  on  the  inch  with  perfect  safety.  Their  experimental  vehicle,  weighing 
Kmt  3  tons,  has  been  propelled  from  London  to  Southampton,  and  on  the  roads 

the  vicinity  of  Melbrook,  at  various  speeds.  The  greatest  velocity  obtained 
rer  rather  a  wet  road,  with  patches  of  gravel  upon  it,  was  from  32  to  35  miles 
I  hour,  and,  on  a  £ood  roao,  could  have  increased  that  velocity  to  40  miles. 
liej  have  asoendeda  hill  with  a  soft  wet  bottom,  rising  1  foot  in  6,  but  at 
ther  a  slow  rate.  They  have  ascended  one  of  the  loftiest  hills  near  Southamp- 
Dy  at  164  miles  an  hour.  Went  from  the  turnpike-gate  at  Southampton  to 
e  4-miIe  stone  on  the  London  road,  a  continued  elevation  with  one  very  slight 

•cent,  at  a  rate  of  24^  miles  an  hour,  loaded  with  people Their  present 

perimental  boiler  contains  250  superficial  feet  of  heating  surface  in  the  space 
3  feet  8  inches  hieh,  3  feet  long,  and  2  feet  4  inches  broad,  and  weighs  aoout 
BWt.  The  two  c^^ders  communicate  by  their  pistons,  with  a  crank-axle,  to 
a  ends  of  which  either  one  or  both  wlieels  are  affixed,  as  may  be  required. 
le  wheel  is  foimd  sufficient,  excepting  under  very  difficult  circumstances,  and 
len  the  elevation  is  about  1  in  6,  to  impel  the  vehide  forward.  Explosion  is 
pcMsiUe,  because  the  cylinders  of  which  the  boiler  is  composed  are  so  small 

to  bear  a  greater  pressure  than  could  be  produced  by  tne  quantitv  of  fire 
Death  the  bnler ;  and  if  any  one  of  these  cylinders  should  be  injured,  it 
mid  become  me:ely  a  safety-valve  to  the  rest.  Have  never,  even  with  the 
••lest  pressure,  burst,  rent,  or  injured  their  boilers ;  and  th^  have  not  once 
qpured  cleaning,  afler  having  been  twelve  months  in  use.  Work  usually  at 
pressure  of  247  lbs.  on  the  square  inch,  but  they  have  worked  at  a  greater 
•BMure  than  that.  Always  travel  with  the  safety-valve  on  the  left ;  when  the 
re  is  onlv  moderatelv  good,  the  steam  is  always  blowing  o£^  even  up  the 
eepest  hifk.  The  fuel  uey  use  is  soft  and  ^ood  coke ;  and  there  is  no  smoke. 
Hicn  going  at  10  miles  an  hour,  can  stop  within  a  less  space  than  a  carriage 
lawa  l>y  horses  can.  Their  present  carriage  has  only  Uiree  wheels ;  so  that 
le  centre  or  cuiding  wheel  rolls  that  portion  of  the  road  which  has  been 
ithsrto  cut  up  by  the  action  of  the  horses*  feet  The  front  wheel  is  4|  inches 
toad  in  the  tire ;  the  two  hind  ones  about  3  inches  broader,  that  the  carriage 
■B  draw  double  its  own  weight  very  well.  Has  seen  nineteen  persons  upon  it 
vliaD  going  at  the  rate  before  mentioned.  Thinks  the  injury  done  by  steam 
■Kriiges  not  one-half  of  that  which  is  caused  by  horse-drawn  carriages.  Their 
'Wis  are  cylindrical,  with  flat  tires,  and  5  feet  6  inches  in  diameter.  Have 
l^vir  met  with  any  accident ;  not  one  bolt,  not  one  screw,  has  ever  given  way 
ving  twelve  months,  and  under  circumstances  which  would  have  destroyed 
'^  cuer  carriage.  They  have,  beyond  all  question,  realized  the  power  of  {>ro- 
'diqg  vehicles  of  any  weight  at  any  required  velocity,  and  the  remaining 
^imements  they  are  engaged  in  regard  slight  details  merely.  Finds  from 
^ptticnce  that  tbe  larger  the  cylinder  the  better.'* 

**  Mr,  W.  j^Utqft  Summers,  engineer,  examined. — Has  superintended  the 
wilding  of  two  steam  vehicles ;  the  lightest  of  the  two  weighed  about  2  tons 
^  cwt  Travelled  in  it  when  there  were  ten  persons  upon  it,  at  the  average  rate 
'  4oiit9  mfles  an  hour,  from  Cable-street,  Wellclose-sauare,  London,  to  within 
^  md  a  half  miles  of  Basingstoke,  when  the  crank  shaft  broke,  and  the  car- 
^  was  put  into  a  barge  and  sent  back  to  town.  This  is  not  the  cariiase, 
''^•ver,  to  which  the  previous  evidence  of  Mr.  Ogle  refers,  nor  is  it  upon  the 
^principle,  except  that  the  boiler  with  which  it  was  ftimished  has  been 
''isfenred  to  the  vehicle  described  by  Mr.  Ogle.  When  going  to  Basingstoke, 
H  to  increase  the  speed,  but  were  unable  to  do  it,  because  the  siae  of  the 

^OL.  II.  3    X 


530  RAILWAYS. 

engines  would  not  consume  the  quantity  of  steam  generated.  There  were  ibw 
cylinders,  each  4  inches Jn  diameter,  and  the  stroke  of  the  piston  in  each  was  IS 
inches ;  in  the  carriage  described  by  Mr.  Ogle,  the  cylinders  are  7 J  inches  each, 
the  diameter  and  the  stroke  of  each  is  18  inches.     Has  travelled  in  this  new 

carriage  15  miles  per  hour,  with  nineteen  persons  on  the  carriage Hai 

no  doubt  of  its  being  able  to  carry  3  tons  at  the  rate  of  10  miles  an  bonr, 
exclusive  of  its  own  weight ;  and,  after  certain  improvements  which  they  have 
in  view  are  completed,  feels  assured  that  much  greater  weights  may  be  carried  at 
that  rate.  Has  never  tested  this  by  experiment,  but  grounds  his  opinion  on  hariiig 
seen  the  steam  blowing  off  at  both  safety  valves  with  tremendous  violence  wbea 
travelling  at  the  rate  of  upwards  of  30  miles  per  hour.  Has  continued  trarelliDg 
at  the  rate  of  30  miles  an  hour  4j  miles  very  frequently,  and  could  have  con- 
tinued longer  had  they  not  required  a  fresh  supply  of  water,  the  tank  not  heisg 
quite  large  enoi^h.  Since  the  last  improvement  in  the  furnace,  they  have 
never  found  any  mfficulty,  when  the  fire  is  in  good  order,  in  travelling  over  the 
worst  and  most  hilly  roads.  On  arriving  at  the  brow  of  a  hill,  they  urottle  or 
wire-draw  the  steam,  in  order  to  check  the  velocity  of  the  engines ;  and  when 
they  find  the  hill  is  so  steep  that  the  carriage  would  run  faster  than  tney  with, 
they  attach  two  drags  to  the  hind  wheels,  and  with  the  foot  they  press  oo  one 
drag,  or  both,  as  may  be  required,  and  by  that  means  regulate  the  velocity  of  the 
carriage.  The  drag  does  not,  however,  prevent  the  wheel  revolving ;  it  conssli 
of  a  kind  of  iron  band,  or  strap,  which  goes  round  a  portion  of  the  tire  of  the 
wheel,  and  the  power  of  breaking  is  multiplied  by  levers  to  a  very  great  extent. 
Were  the  carriage  to  go  at  the  rate  of  5  miles  an  hour  only,  instead  of  10,  it 
would  be  able  to  carry  a  much  greater  weight  than  3  tons ;  cannot  exactly  fly 
how  much.  Has  used  water  of  every  description,  but  has  never  found  the  boikr 
in  the  least  encrusted.  Every  time,  afler  arriving  at  a  journey's  end,  thej  open 
a  cock  communicating  at  the  bottom  of  the  boiler,'  and  perhaps  it  may  be  tW 
they  do  not  give  the  extraneous  matter  time  enough  to  rest,  rtoved  ttie  boikr 
before  it  was  put  into  the  steam  carriage  at  364  lbs.  on  the  square  inch;  it  vill 
support  740  lbs.  Work  usually  at  a  pressure  of  from  240  to  260,  whidi  tkijr 
find  more  economical  than  any  other.  The  surface  of  iron  ezpoaed  to  the  fin 
and  heated  air  is  245  superficial  feet ;  the  weight  of  the  boiler  b  8  cwt  S  qn* 
The  iron  is  about  one-tenth  of  an  inch  thick.  Thin  boilers  last  longer  in  ]■•* 
portion  than  thick  ones,  because  the  heat  passes  sooner  throufi:h  into  the  vtUr, 
and  has  not  time  to  act  upon  the  iron.  The  passengers  are  placed  in  front  an' 
the  middle  of  the  vehicle ;  the  boiler  entirely  behind  the  body  of  the  cairisft 
and  the  passengers.  Has  never  had  any  accident  from  horses  being  alimiel; 
the  noise  is  not  so  great  as  that  of  a  vehicle  drawn  by  horses.  Gmsiden  the 
mode  they  have  adopted  of  disposing  of  the  waste  steam  preferable  to  that  d 
Mr.  Stephenson.  Instead  of  blowing  it  into  the  chimney,  in  order  to  eaose  • 
draft,  they  have  a  fan  or  blower,  which  is  driven  by  the  engines  when  in  open* 
tion,  and  this  gives  intensity  of  heat  in  the  furnace.  The  waste  steam  fron  the 
engine  goes  into  a  double  casing  round  the  furnace ;  they  admit  a  small  psrii* 
underneath  the  fire-bars  of  the  grate,  and  allow  the  remainder  to  expnd 
itself  into  the  double  casing,  after  which  it  comes  over  the  top  of  the  fire  aa^ 
escapes  in  the  form  of  invisible  vapour.  Finds  this  better  than  throwing  th^ 
steam  direct  into  the  chimney  to  produce  a  draft;  because  where  vak'^ 
done,  the  aperture  must  be  so  much  diminished  that  Uie  watte  steftm  ia  dioki^ 
in  escaping  from  the  engines,  and  produces  a  greater  loss  of  power  thaai^ 
required  for  working  the  fan.  Finds  that,  when  travelling  on  a  paved  roii 
and  that  of  a  rough  description,  they  do  not  consume  more  than  the  fiMVtkef 
the  steam  they  do  on  a  soft  graveUy  road.  The  steepest  hfll  they  have  evtf 
ascended  was  1  foot  in  6 ;  that  was  the  hill  at  Shirley,  for  a  distance  of  ahci^ 
200  yards.  Both  the  wheels  were  in  gear  at  the  time,  and  there  was  not  ^ 
slightest  symptom  of  their  slipping.  Ascended  it  at  a  velocity  of  Beady  ^ 
miles  an  hour,  with  fourteen  or  fifteen  persons  on  the  carriage.  Can  stop  the 
vehicle  within  a  distance  of  12  feet  ....  The  engine  is  calculated  at  2(HMI* 
power." 

On  the  19th  of  July,  1830,  a  patent  was  issued  to  Messrs.  Rawe  and  Bo0^ 
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of  Albany-street,  London,  for  "  improvements  in  steam  carriages  and  in 
boflers;  and*a  method  of  producing  draft"  The  specification  of  their  patent 
contains  a  description,  with  drawings,  of  a  complete  locomotive  carriage  for  the 
common  road. 

The  boiler  is  entirely  composed  of  stout  wrought-iron  tubes,  having  ap.  inter- 
nal diameter  of  an  inch  and  three-quarters.  The  length  or  number  of  the  tubes 
«re,  of  course,  arbitrary,  depending  upon  the  capacity  of  the  boiler;  in  the 
instance  before  us,  the  boiler  consists  oi  12  tubes;  each  individual  tube  is  bent 
into  a  roiral  figure  of  three  turns,  which  are  of  equal  diameter  or  breadth. 

The  first  spural  tube  thus  formed,  .would  contain  within  its  coils  a  cylinder  of 
1  foot  in  diameter ;  the  second  spiral  tube  is  ciurved  in  a  parallel  line  to  the 
fint,  but  of  about  four  inches  greater  diameter,  so  that  it  will  lie  outside  of  the 
first,  and  exactly  circumscribe  it,  leaving  between  the  two  a  space  of  about  an 
dghth  of  an  inch.  Each  successive  tube  of  the  whole  twelve  is  curved  in  like 
manner,  the  coils  of  the  whole  being  equidistant,  but  the  diameter  of  each 
separate  spiral  is  in  succession  4  inches  greater  than  the  preceding  one.  By 
this  arrangement,  it  will  be  perceived,  is  produced  a  spirally  inclined  plane  of 
tubes,  which  are  inclosed  in  a  cylindrical  case ;  at  the  Dottom  of  this  the  fiur- 
nace  is  situated,  about  one  foot  beneath  the  lowest  ends  of  the  tubes,  and 
oecnpying  the  whole  area  of  the  circle.  The  upper  ends  of  the  range  of  tubes 
open  into  a  strong  receptacle,  being  secured  in  both  in  a  thoroughly  steam-tight 
manner,  by  means  of  hollow  screwed  bolts,  with  nuts  and  collars,  in  the  follow- 
n^  maimer: — A  small  tube  is  fixed  to  the  end  of  each  of  the  spiral  tubes,  and 
each  of  these  small  tubes  is  passed  through  tlie  receptacle,  and  the  shoulder 
(bnned  by  the  ends  of  the  large  tubes  are,  with  suitable  packing  interposed, 
brought,  by  means  of  screwed  nuts,  close  up  to  the  side  of  the  receptacles : 
diese  receptacles  are  strong  tubes,  elliptical  in  their  transverse  section,  and 
lattened  at  their  conjugate  axes,  for  tne  convenience  of  screwing  up  firmly. 
War  removing  the  deposit  from  the  water  at  pleasure,  solid  plugs  are  screwed 
Into  the  ends  of  the  small  tubes,  which  can  be  taken  out  whenever  required 
for  tiiat  purpose.  By  the  arrangement  described,  it  will  appear  that  the  heat 
Brhh  the  circular  fire,  about  4  feet  6  inches  in  diameter,  impinges  vertically 
moD  a  similar  extent  of  the  boiler  above ;  thence  ascendmg  the  current 
innds  round  between  the  coils  of  the  inclined  plane  of  tubes,  which  form- 
ing the  flues  as  well  as  the  boiler,  the  heat  is  abstracted  in  its  progress,  by  an 
wonomical  consumption  of  fuel,  through  the  small  spaces  between  the  con- 
xntiic  spirals,  the  neated  air  and  flames  escape  out  of  the  spiral  current,  and 
nr  completely  enveloping  the  tubes,  materially  augment  the  production  of  steam. 
l!'a  increase  tne  combustion,  an  exhausting  fan-wheel  is  placed  immediately  over 
he  boiler,  revolving  on  a  vertical  spindle,  which  passes  through  the  centre  of 
be  boiler  and  furnace,  and  is  actuated  by  suitable  gear  put  in  motion  by  the 
iBgine.  To  avoid  the  inconvenience  that  might  be  experienced  from  the  escape 
£  the  gaseous  products  of  combustion  upwa^rds,  the  patentees  propose  to  dis- 
lenae  with  the  use  of  a  chimney,  ana  by  enclosing  the  upper  part  of  the 
iuft-wbeel,  and  surrounding  the  boiler  with  an  external  casing,  cause  the 
rapours  to  pass  downwards  against  the  ground,  underneath  the  vehicle.  The 
latentees  luLewise  propose  to  force  a  mixture  of  highly  rarefied  steam  and 
leirted  air  through  the  u;nited  air  in  the  furnace  along  a  pipe,  that  makes 
everal  coils  around  the  ash-pit,  before  entering  a  chamber  immediately  beneath 
be  great  bars ;  into  this  chamber  by  another  pipe  is  also  introduced  steam, 
be  mized  air  and  steam  from  this  chamber  proceed  through  a  series  of  short 
vertical  tubes  and  the  hollow  bars  of  the  erate,  and  thence  through  certain 
lerforated  nozzles  into  the  fire  in  minute  jets. 

In  the  centre  of  the  boiler  is  situated  the  float  chamber,  this  is  of  a  cylindrical 
bnn  as  flu*  as  the  boiler  extends ;  but  the  lower  portion,  which  passes  through 
be  Ibmace,  and  the  bottom  of  the  grate,  is  tapered  off*  to  a  reduced  diameter, 
nakinff  ihe  figure  of  an  inverted  fi^trum  of  a  cone ;  to  the  lower  end  of  this 
i\  IS  screwed  an  iron  cap,  and  the  upper  end  is  closed  in  like  manner ; 
through  both  these  caps  and  the  mmdle  of  the  chamber,  is  a  straight 
of  tube  fixed  **  stanch  "  to  the  caps  by  screwed  nuts  and  packing.     'ihU 
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tube  is  left  open  on  the  outside  of  the  vessel  at  both  ends,  and  througb  it 
the  vertical  spindle  of  the  fan-wheel,  at  the  lower  ends  of  which  is  a  spui 
wheel,  to  which  the  motion  is  communicated.  By  this  tubular  passage,  there- 
fore, die  central  situation  of -the  float  chamber  becomes  no  impediment  to  the 
last-mentioned  operation,  and  the  tube  itself  serves  as  a  guide  for  the  float  in 
its  ascent  and  aescent  The  float  is  a  hollow  air-tight  copper  vessel,  bavinf 
an  opening,  to  let  the  tube  pass  to  its  centre,[to  which  it  is  kept  by  a  vertical  rod 
(fixed  to  the  bottom  of  the  float)  that  passes  through  a  Btufling-boz  in  the 
lower  cap,  beyond  which  it  is  connected  to  a  lever  that  operates  upon  tlie 
steam-cock  of  the  engine,  by  which  the  pump  is  worked  that  feeds  the  suj^y- 
pipe. 

Water  being  forced  by  the  lower  receptacle  of  the  bmler,  it  flows  throqgb 
apertures  in  the  short  tubes  into  the  lower  ends  of  tiie  spiral  tubes,  where  ebol' 
lition  takes  place,  and  the  water  mixed  with  the  steam  is  driven  upwards  throqgh 
the  spiral  sheet  of  tubes.  The  inclined  position  of  these  tubes  gives  the  wiler 
a  tendency  to  flow  back  under  the  steam ;  that  which  is  forceS  on  decrease! 
as  it  ascends,  by  being  converted  into  steam  :  on  arriving  at  the  upper  recep- 
tacle, the  steam,  together  with  a  small  portion  of  water,  enters  die  float  dttm- 
ber,  where  the  water  falls  to  the  bottom,  and  supports  the  float,  while  the  steam 
passes  into  the  steam-pipe.  When  a  greater  quantity  of  water  is  aceumukted 
than  is  evaporated  in  the  float  chamber,  a  rise  of  tiie  float  will  be  productd, 
and  a  proportionate  decrease  in  the  quantity  of  water  pumped  into  me  boiler, 
occasioned  by  the  communication  of  the  float  with  the  steam-cock  of  the  eogine. 
By  this  arrangement  it  will  be  noticed  that  the  float  chamber  b  also  the  **  sepa- 
ratory,"  the  upper  portion  constituting  a  steam  reservoir,  and  the  lower  portioiir 
which  is  in  the  centre  of  the  fire,  serves  as  a  supplementary  boiler.  The  steam 
pipe  conunences  at  the  top  of  the  float  chamber,,  and  is  carried  down  by  the 
side  of  and  in  contact  with  the  inner  casing,  and  also  three  or  four  times  round 
the  furnace  chamber ;  forming  a  protection  to  the  casing,  while  the  ateam 
derives,  in  consequence,  an  increase  of  expansive  force. 

The  whole  of  me  frame  and  engine  is  supported  upon  sprines,.  and  to  tSUoW 
of  their  application  to  the  driving  cranked  axle,  two  strong  roas  are  used, 
of  which  IS  flrmly Jointed  at  one  end  to  the  frame,  and  attached  at  the 
end  to  the  cranked  axle  b^  bearings,  by  which  the  frame  is  allowed  to  rise 
faU.     The  g^ding  operation  is  produced  by  means  of  a  little  wheel  run 
behind  (but  centrally  between)  tne  two  fore  wheels,  acted  upon  by  a  sjratem 
levers  moved  by  the  steersman.     The  apparatus  consbts  of  two  rinss  <^  inm, 
equal  diameter,  turned  tnily  to  each  other ;  to  the  lower  ring  is  atta^«d  by 
bearings,  the  axle  of  the  guide-wheel,  and  a  branch  iron  proceeds  from  the 
of  the  upper  ring  to  the  axle  of  the  two  fore  wheels,  where  it  is  connected  by 
joints,  that  allow  the  guide  wheel  and  its  bearings  to  rise  and  fall  fredy, 
prevents  its  side  motion  without  moving  the  two  fore  wheels.     By  turaing 
handles  c^posite  to  the  steersman's  seat,  a  vertical  spindle  communieatea 
motion  to  cross  levers  below,  which  acting  upon  two  rods  connected  therels^ 
and  to  the  opposite  sides  of  the  under  horizontal  ring,  the  latter  traveraea  wdtP 
the  upper  ring,  (which  has  no  horizontal  motion)  and  sets  the  guide-whed  to  thr 
required  angle  to  the  line  of  motion  to  make  the  turn  in  the  road,  in  the  aavr 
manner  as  setting  the  rudder  to  the  stern  of  a  boat     In  the  drawing  of  ibv 
carriage  on  the  opposite  page,  those  parts  that  are  brought  into  view,  conndefadl 
in  connexion  with  the  foregoing  description,  will  afford  the  reader  a  pretty  cofftct 
notion  of  the  general  structure.     The  engines  are  situated  in  a  case  undenieatii 
the  carriage  body ;  one  of  them  is  shown  dotted  in  at  a,  which  with  its  piitaB 
rod  and  connecting  rod  6  gives  motion  to  the  cranked  axle  of  the  lunning  wheelf 
d  of  the  carriage.   To  stiffen  the  wheel,  there  is  a  stout  iron  ring  bolted  to  the 
inside  of  the  spokes,  and  having  arms  communicating  with  a  central  piece  ^ 
is  fixed  to  the  nave.     The  boiler  e  is  bolted  to  a  strong  iron  framing,  and  9 
contained  in  a  double  case ;  the  angular  dotted  lines  across  it  leprBseat  tki 
inclinations  from  a  vertical  line  of  the  spiral  sheet  of  tubes ;  and  the  dotted 
lines  in  the  centre  are  intended  to  express  (which  they  do  but  inqierfectly)  lihf 
position  and  arrangementof  the  float  and  steam  chamher;/is  theguidiogspiiKfl^ 


ilccriiig  wheel,  mimiunded  by  its  two  traTKiiiig  ring*,  iIm  npp«r  ring 
Aid  by  a  curved  iron  urn  to  the  fore  axletree,  uid  the  lower  mm 


s  «f  the  iteeriiig  wheel.  Between  the 
«r  to  which  the  guide-wheel  i«  attached,  there 
n  by  a  acrew,  to  regulate  the  preuUTe, 
'  to  the  state  of  the  roadi. 
Dt  wai  aenled  on  the  Slat  of  August, 
'  "certain  improvements  in  locomotive 
"  by  Mr.  John  Hanson,  of  Hudders- 
Yorkthire.  The  objects  of  the  patent 
Id;  that  of  communicating  the  power 
isiue  from  the  crank  axle  to  the  four 
rtieels,  by  means  of  pitched  chains  and 
uid  that  of  applying  a  ball  and  socket 
id*  of  the  runnme  wheel  axel,  inside 
L,  H)  as  to  permit  the  wheels  to  roll  in 
ed  direction,  as  well  M  nrallel  to  the 
the  curiage,  in  order  that  they  may 
t  euily  over  curved  portion*  of  the 

finHneutioiied  diviuon  (^  the  patent, 
liMorer  nothing  that  is  new  in  priit- 

batter  in  deUil,  than  what  every 
:  ii  familiar  with ;  we  therefore  omit 
lotie*  of  it  in  our  condensed  treatise. 
nd-BBcntioned  claim  of  invention  pot' 
ne  novelty,  and  is  not  without  merit; 
[Ijr,  «•  give  it  a  place  here.  In  the 
eat  i*  represented  a  vertical  section  of 
m  wIiMlii  a  is  the  axis,  terminated  by 
^balli,  into  whichis  fixed  a  stout  pine, 
•a  aniiut  a  stop  in  the  interior  n  the 
md,  uid  cause*  the  wheel  to  revolve 
ule.  The  wheel  is  kept  at  pleasure 
•tical  poaition,  by  mean*  of  a  frame, 
n  it)  the  drawing ;  and  this  fram*  is 
ate  the  contraland  management  of 
nan,  who  sits  in  front  of  the  carriage, 

bflMana  of  connected  le  van,  inclinoa 
a  l«  Aa  right  oc  left,  and  thua  cau*e* 


IB  of  the  fb 

*troDg  ^tral  spring. 
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the  wheels  instantly  to  assume  the  same  position,  and  make  the  deviating  course 
required.  It  is  obvious  that  a  common  axis  would  not  effect  this  operation ; 
and  there  is,  perhaps,  no  better  mode  of  attaining  the  object  of  the  patentee, 
than  the  one  he  has  adopted.  The  ball,  it  will  be  seen,  has  sufficient  play  by 
letting  one  side  turn  against  a  conical  piece  e,  formed  spherically  on  its  inner 
edges,  and  bringing  out  a  boss  /  from  the  outer  plate,  having  at  its  end  a 
concavity,  which  fits  the  sphericity  of  the  ball ;  and  as  Uiese  opposite  cavities 
may  be  made  to  recede  or  approacb,  by  means  of  the  screw-bolts^^,  which 
connect  them,  they  thus  afford  ready  means  of  adjusting  the  surfaces,  so  as  to 
make  the  axis  work  pleasantly. 

Some  improvements  in  the  construction  of  wheels  for  railway  carriages  were 
patented  on  the  31st  of  August,  1830,  by  Mr.  Wm.  Losh,  of  Bentom  House,  in 
Northumberland,  a  gentleman  whose  experience  and  knowledge  in  matters  of 
this  kind  entitles  his  suggestions  to  the  attention  of  the  public. 


Fig.l. 


Fig.  2. 


Fig,  3. 


The  nature  of  this  invention  will  be  at  once  understood  from  inspection  of 
Fig$,  1  and  2,  where  a  a  a  a  represent  the  tire  and  .flags  of  a  wrought-iron 
railway  wheel \  hhhh  spokes  which  are  to  be  made  dove-tailed  at  one  end,  and 
cast  into  the  nave  e,  as  shown  in  section  at  cc^  Fig.  2.  The  other  end  of  the 
spoke  has  a  right  angular  crank  bend,  as  shown  at  ///,  Ftg,  1 ;  being  carried 
round  the  circle  to  the  next  spoke ;  and  thus  each  spoke  and  its  adjoining 
felloe  are  made  of  one  piece  of  iron.  By  means  of  the  crank  bend  at  the  end 
of  the  spokes,  one  felloe  is  permitted  to  pass  over  the  end  of  another,  and  at 
this  double  part  they  are  securely  fixed  together  by  strong  screws,  as  shown  by 
dotted  lines.  The  tire,  which  is  formed  in  passing  finally  through  the  rollers 
at  the  iron  works,  with  a  recess  for  the  felloe,  and  a  ledge  to  keep  the  carriage 
on  the  railroad,  as  represented  at  a  a;  and  it  is  to  be  heated  ana  fitted  on  the 
wheel  in  the  usual  manner,  that  it  may  contract  and  firmly  grasp  the  wheel 
when  it  contracts  in  cooling.  The  ends  of  the  spokes,  too,  must  be  made  hot 
before  the  nave  is  cast  upon  them,  that  the  jimction  of  the  two  metals  may  be 
the  more  perfect.  It  is  stated  that  it  may  be  sometimes  found  more  convenient 
to  weld  several  pieces  of  iron  together  than  to  bend  one  piece  twice  at  right 
angles.  It  is  likewise  stated  that  the  spoke  may  be  sometimes  with  advantage 
welded  on  the  middle  of  a  piece  extendmg  along  a  ring  constituting  the  felloev 
in  both  directions. 

Messrs.  W.  G.  and  R.  Heaton,  of  Birmingham,  have  built  several  steam 
carriages  which  have  operated  with  various  degrees  of  success  in  their  own 
neighbourhood.  Their  patent  is  dated  the  5th  of  October,  1830.  The 
complicated  nature  of  the  machinery  exhibited,  in  the  specification  of  this 
patent,  renders  it  quite  impossible  to  make  it  fiilly  understood  without  a  series 
of  drawings,  and  a  detailed  description,  for  which  we  cannot  find  room  in  this 
article.  We  shall  therefore  conmie  ourselves  to  an  outline  of  Uie  method* 
which  the  patentees  adopt  to  accomplish  the  object  they  have  in  view ;  that  of 
guidance  of  a  locomotive  carriage,  and  the  management  of  the  steam  apparatus^ 
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t  the  power  'and  speed  may  be  accommodated  to  the  nature  of  the  rood, 
ouantity  of  the  load,  &c  For  the  purpose  of  steering  the  carriage,  a  vertical 
Hole  is  ^aced  at  some  distance  before  the  axle  of  Uie  front  wheels,  and  on 
lower  end  a  small  drum  is  fixed  Around  this  drum  is  coiled  a  chain  with 
middle  fixed  upon  the  drum,  and  its  ends  made  secure  to  the  front  axle  at  a 
siderable  distance  fVom  the  middle,  so  that  the  chain  and  axle  may  form  a 
ingle  with  the  drum,  situated  at  the  angle  opposite  the  longest  side.  The 
er  end  of  the  vertical  spindle  is  connected  with  a  fitime  situated  in  front  of 

coachman's,  or  rather  the  steersman's  seat;  and  here  is  fixed  upon  the 
adle  a  horizontal  beveled-toothed  wheel.  Over  this  wheel  an  axis  extends, 
ninatedin  two  crank  handles  proceeding  from  the  axes  in  difierent  directions, 
tliat  one  will  be  down  when  the  other  is  up ;  and  upon  this  axis  is  fixed 
vther  beveled-toothed  wheel  taking  into  the  first  Now  it  is  evident  when 
•e  wheels  are  turned  in  one  direction  the  right-hand  fore  wheel  of  the 
riage  will  be  advanced,  and  the  coach  will  be  turned  towards  the  lefl,  while 
hey  be  turned  in  the  other  direction,  the  left-hand  wheel  will  be  advanced, 
1  the  carrii^e  will  be  turned  towards  the  right.  This  plan  of  steering  will 
immediately  recognised  by  our  readers  as  the  same  with  that  ^adopted  by 
•  James. 

rhe  driving  wheels,  or  those  to  which  the  power  of  the  engines  is  to  be 
>lied,  are  connected  with  the  axle  by  means  of  a  pair  of  ratchets  furnished 
h  a  double  set  of  ratchet  teeth  and  a  reversing  pall.  By  this  contrivance 
9  wheel  can  be  advanced  or  backed  while  the  other  is  stationary,  or  moving 
a  contrary  direction  ;  an  arrangement  which  becomes  necessary  in  the  act 
taming  and  backing.  The  means  of  acting  upon  the  reversing  pall  is 
Hiffht  within  the  reach  of  the  steersman  by  means  of  a  set  of  connecting  rods 
i  lever. 

Motion  is  communicated  to  the  driving  wheels  by  a  double  set  of  spur 
Led  gear,  arranged  to  give  difierent  powers  or  velocities,  by  having  botn  a 
•ge  and  a  small  wheel  &ed  on  the  driving  as  well  as  the  driven  axis.  By 
ifting  the  large  wheel  on  the  driving  axis  into  gear  with  the  small  wheel  or 
e  driven  axis,  speed  is  obtained ;  and  by  shifting  their  relative  position  till  the 
naU  wheel  on  the  driving  axis  comes  into  gear  with  the  large  wheel  on  the 
iven  axis,  power  is  obtained  at  the  expense  of  speed.  These  two  axes  are 
ipt  at  the  same  distance  from  each  other  bv  means  of  connecting  rods, 
Biwithstanding  the  relative  position  may  be  cnanged  by  the  motion  of  the 
mbge  on  rough  roads. 

Thne  patentees  do  not  claim  novelty  in  any  one  of  their  arrangements  in  a 
Mkhed  form,  but  only  the  combination  of  the  whole,  as  they  have  described 
iKQ  in  their  specification.  A  principal  merit  of  the  arrangement  seems  to  be, 
kM  an  the  adjustments  are  brought  within  reach  of  the  man  having  the  guid- 
iBoe  of  the  carriage. 

An  American  inventor  communicated  to  Mr.  Gillet  of  Birmingham  a  new 
modification  for  a  carriage  or  waggon,  for  which  the  great  seal  was  obtained 
■^  ^  4th  of  November  1830.  'Die  invention  consists  in  the  adaptation  of  the 
*iMi  of  carriages  to  what  has  been  called  a  perpetual  railway.  It  is  formed 
^  t  circular  rib  or  rail  placed  round  the  interior  of  the  felloe  of  the  wheel, 
ifBii  which  circular  rib  a  small  wheel  with  a  grooved  periphery  is  intended  to 
^  which  small  wheel  bearing  its  portion  of  the  burthen  of  the  carriage, 

imnning  upon  a  smooth  even  surface,  it  is  presumed  will  greatly  facilitate 
^  progress  of  the  carriage,  when  the  larger  or  runm'ng  wheels  pass  over  heavy 
^  vneven  ground.  In  the  annexed  cuts  are  represented  by  Fig,  1  a  side 
ilcvatiiNi  of  the  large  running  wheel,  and  the  situation  of  the  smaller  one  that 
'^  on  tbe  inside  of  its  felloe ;  and  Fig,  2  shows  a  sectional  end  view  of  two 
Mk  wheels,  with  their  little  companions,  applied  to  a  tram  waggon  ;  a  a  is  a 
^  Irbeel  of  a  common  description,  and  turning  loosely  (with  considerable 
^)  on  Uie  foles  b  b,  which  is  made  in  the  rorm  represented  to  obtain 
^IrideraUe  strength,  and  having  strong  curved  arms  which  form  the  axes  of 
W  little  wheels  c  c  ;  these  are  grooved  on  their  peripheries  to  fit  the  circular 
%e  raflways  dd^  fixes  inside  the  felloes  of  the  large  wheels.    The  patentee 


itstea  tbat   "  altliougb  the  running  wheeli  irill  pui  orer  the  gnand  u  it 
ordinaiy  coniftgei,  yet  the  weight  of  the  eutiagt  end  ill  burthen  u  bone  bf 


pAU  over  loft,  wet,  f  „  .  , 

vGight,  and  upon  which  the  carriage  travels,  move  upon  s  •nooth,  oa 
perpetual  Tailway  on  which  there  ii  little  or  no  miitance."  The  palnU^ 
however,  omits  to  notice  the  obvious  &ct,  that  the  little  wheel  doet  not  Mi 
(he  great  wheel  out  of  the  mite,  but  rather  tends  to  sinlc  it  derper  bv  raHoo  d 
ita  weight  and  the  heavy  iucumbrancei  it  entaila,  to  aay  Dotliing  of  the  oln- 
friction  caused  by  an  unneceMary  increate  of  rubbing  mrfacs  in  the  tnultifU 

"  Thii  eoDtrivance,"  the  patentee  addt,  "  it  equally  «pplicahlii  to  the  whsdi 
of  any  kind  of  carriage,  and  is  oaly  shown  in  the  drawing  at  adapted  to  a  tarn 
w^gon  for  the  pucpote  of  illiutrabng  ita  peculiar  cooHmctioti  and  adapMiKi' 
A  similar  invention  was  patented  by  Mr.  George  Hunter  of  Edinboiwh  in  ItK 

Messrs.  Bramleyand  Parker,  of  Moulsley  Priory,  in  Surrey,  recetved  latat 
grants  for  their  improvements  in  looomoLive  carnages,  awlxMble  to  mi  ml 
other  roads,'  which  we  shall  very  briefiy  descrilw,  as  they  do  not  appevte  ■ 
likely  to  become  of  much  practical  atility  in  the  present  «t*te  of  the  Ht  rf 
locomotion.  The  impmvementa  contemplated  are  of  three  kind*.  Tbt  Cnl 
consists  of  a  carriage  to  be  propelled  by  horsei,  working  a  pair  of  traad-whs^j 
the  second  of  a  light  carriage  to  be  propelled  by  one  or  more  men,  rcUii^  rik 
their  chests  on  cushions,  and  communicating  motion  to  cranka  by  puihing  n( 
with  their  feet,  u  in  the  act  of  iHimming;  the  third consislaof  an uiM^MMt 
for  (Hcserring  the  box  of  the  wheel  on  the  end  of  the  axle.  The  latter  piM  ■ 
very  deficient  in  novel^ ;  the  other  two  are  modiSDations  of  maajr  nA( 
pn^sitioni  to  obtain  mechanical  foroe  from  animal  ^ency;  hut  wa  emit 
agree  with  the  ingenious  patentees  that  they  are  "  certain  imptweBiatitL"  Ha 
dttaUi  of  these  indentions,  with  the  amusing  illustrative  drawing!,  aaqr  hiMn 
at  the  "  Six  clerlu'  office  "  in  Chancery-lane. 

Mr.  Gordon,  in  hisTreadse.oa  Locomotion,  page  58,  statea,  thatia  tha  ttgrn"! 
of  the  year  1831,  the  directors  of  the  MonUand  and  Kiriuatilloch  railw^iMK 
Glasgow,  directed  their  engineer  to  make  out  a  plan  and  ipaafiaatiaa  af  m 
locomotive  en^e*,  able  to  drag  60  tons  gross  weight  at  theral«el'4(cf  aiM 
an  hour.  This  was  done  accordmglyj  and  the  engines  ecmtrsetcd  Ar  If  Umm 
Murdoch  and  Aitksn  engmeers,  HiU-ilreet  Glasgow,  who  brought  As  U 
upon  the  railway  the  lOth  of  May,  and  the  second  upon  tks  lOlh  if  if 
temher  the  same  year.  Both  engines  travelled  aeveral  mile*  npoD  Aa  nihrm 
the  first  day  they  were  brought  out  of  the  yard  at  Glasgow,  and  han  ■■<% 
during  a  course  of  eighteen  months'  trial,  proved  theroselTea  th«  noat  tgiit 
anginas  of  the  kind  ever  made  in  the  kingdom,  being  capable  of  taking  V)  Ml 
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more  on  a  level  railway,  than  any  engine  yet  made  of  the  same  size  of  cylinder 
with  a  pressure  of  SOlbs.  to  the  square  inch  upon  the  boiler.  The  line  of  railway 
on  which  these  engines  daily  travel  is  one  or  the  very  worst  description  for  the 
effectual  working  of  such  engines,  being  8^  miles  m  length,  with  numerous 
abrupt  curves  and  descents.  The  descents  are  1  in  50, 1  in  116, 1  in  120,  &c. ; 
the  curves  are  of  a  radius  of  344,  the  arch  335  feet ;  radius  400  feet,  arch  650 ; 
radius  700  feet,  arch  545  feet,  &c.  The  descents. being  in  favour  of  the  load, 
the  bringing  up  the  empty  waggon  is  considered  the  heaviest,  work,  yet  one  of 
these  engines  nas  frequently  returned  from  Kirkintilloch,  where  the  railway 
ends,  with  50  empty  waggons,  in  the  ordinary  course  of  trade,  the  weight  of 
which  being  about  60  tons ;  but  when  loaded,  they  carry  a  gross  weight  of 
about  200  tons.  The  daily  load  of  engine,  is  from  20  to  50  loaded  waggons, 
according  to  the  circumstances,  and  trade  occurring  on  the  road.  One  of  the 
great  improvements  on  these  engines  is,  the  metallic  packing  of  the  pistons, 
^icli  are  the  first  of  the  kind  ever  used,  and  of  such  a  description,  that  the 
2  engines  have  not  cost  one  shil  ing  in  18  months  for  packing,  and  use  neither 
gfeaae  nor  any  other  unctuous  substance  whatever  for  the  cylinders,  since  their 
commencement :  another,  and  perhaps  the  greatest  advantage  of  these  pistons, 
ia  the  economy  of  labour,  the  reduction  of  friction,  and  the  saving  of  fuel 
thereby  effected,  the  area  of  the  fireplace  being  just  4  feet,  or  one-h^f  of  the 
tixe  of  that  in  the  Liverpool  engines.  These  pistons  are  each  formed  of  two 
iroti  rings  in  three  segments ;  a  wedge  between  each  segment  is  pressed  by  a 
ipiral  spring. 

In  the  report  by  the  directors  of  the  Monkland  and  Kirkintilloch  railway,  to 
the  proprietors  at  their  general  meeting  on  the  1st  of  February,  1832,  these 
engines  are  noticed  in  the  following  manner:  —  <<Your  committee  have,  as 
nentioned  in  last  year's  report,  built  two  locomotive  engines,  which  have  been 
in  employment  on  the  railway  for  nearly  six  months,  and  the  whole  of  the  trade 
from  vie  colleries  to  Kirkintilloch  is  now  drawn  by  these  machines.  The  com- 
Buttee,  after  much  consideration,  devolved  the  whole  form  and  plan  of  these 
cnginef  to  Mr.  Dodds,  the  superintendant  It  was  strongly  urged  by  some  of  the 
proprietors  that  these  engines  should  be  got  from  England,  and  that  the  im- 
Morements  of  the  engines  adopted  on  the  Liverpool  railway  should  be  intro- 
ineed  in  constructing  those  for  the  Company.  On  inquiry,  however,  no  certain 
tea  could  be  obtained  whereby  to  calculate  what  would  be  the  expense  of 
■laintaining  in  repair  such  improved  engines ;  and  it  was  also  ascertained  that 
iSk&w  were  yery  hable  to  be  aeran^ed,  when  working  at  the  high  speeds  for 
which  they  are  calculated.  For  uese  reasons,  the  committee  devolved  on 
Mr.  Dodds  the  entire  responsibility  of  the  planning  of  the  engine,  and  the 
I  full  of  their  confidence  has  been  in  the  highest  degree  satisfactory.  Mr.  Doddi*, 
hi  his  plan  and  specification,  adopted  none  of  the  recent  improvements,  except 
Aat  <H  the  copper  tubes,  suggested  by  Mr.  Booth,  giving  however  a  great 
aMiional  strength  to  these  tubes.  The  contract  for  making  the  engines  was 
ttkeo  by  Messrs.  Murdoch  and  Aitken,  Hill-street,  Glasgow,  and  the  committee 
me  Mtisied  with  their  performance,  except  as  to  the  time  taken  by  them  in 
Ifataishiiig  the  second  engine.  This  is  no  small  praise,  considering  they  were 
tfw  first  focomotiye  engines  constructed  in  Glawow. 

"'Hie  excellence  of  Mr.  Dodds'  plan  and  specification,  so  far  as^several  months' 
trial  can  be  considered  a  proof,  is  most  satisfactory,  as  the  engines  have  never 
heea  one  day  off  work,  except  on  two  occasions,  when  injured  by  the  malice  or 
ovriesiness  of  certain  waggoners  on  the  road.  On  the  other  hand,  the  ennnes 
■WWimed  ftom  England,  by  an  adjoining  railway  company,  (the  Gamkirk,)  nave 
Men  repeatedly  taken  off  the  road,  on  account  of  needing  repairs,  &c.  Since 
te  dirfe  of  this  report,  these  engines  have  done  all  the  trade  to  Kirkintilloch, 
flii  otfier  places,  for  another  year,  and  have  not  been  off  one  day,  or  emnloyed 
asfeigle  horse  to  assist  them.  These  are  facts,  and  the  best  criterion  wmreby 
Imfa6ge  of  tfieir  real  performance,  or  to  make  comparison  between  them  and 
•tfMr  rdlway  locomotive  engines. 

The  cut  on  the  following  page  is  a  view  of  this  engine,  with  the  tender 
■llached*    The  connecting-rod  between  the  two  wheeb  has  a  ball  and  socketr 
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ioi'nt  at  each  end,  maiiog  univenal  JMnti.    The  wheel*  hare  a  j3icf  of  at 
one  inch,  to  aUow  for  turning  in  the  above  oorre.   The  ojrliiHlen  aw  lOJ  int 


diftnteUr  each,  and  Ihe  atroke  i>  2  feet ;  pressure  of  iteam,  50  Ibi.  The  e**^ 
speed  of  these  locomotive enginee,  ii  now  6  milei  per  hour;  the  rwulalieii <■ ' 
milet  per  hour,  but  they  sometimea  even  double  the  regulated  speed. 

"In  February  1831,"  obaervee  Mr.  Gordon,  "Mr.  Gumey  having  ««j 
pleted  three  steam  carriagea  for  Sir  Charlei  Dance,  that  gentleman  cwnnwu" 
running  one  regulnrly  on  the  road  betwixt  Gloucester  and  Clieltenhuo,  e* 
continued  bo  to  do,  conitontiy  and  »acoewfuUy,  for  four  monthi,  until  he  (»■ 
guBted  with  the  opposition)  witiidrew  hie  coaches.''  Tbe*e  steam  eani^ 
were  employed  as  draffs,  to  draw  after  them  the  passengers  contained  in  •  lip 
carriage  of  the  omnibus  kind.  One  of  these  drofft  Itia  been  figured  in  ■  liw 
eraphic  plate,  l>y  Mr.  Gordon,  of  which  the  following  cut  ia  on  outline ;  &■ 
niia,  it  appear!  that  the  "  indiipeniable  "  leparaUirs,  are  entirely  disoiiw* 
The  proportions  of  this  machine  give  it  an  eleeant  and  a  light  appesrsw* 
Its  weight,  however,  having  been  stated  to  be  only  tvro  tons,  it  was  btaugbl" 
the  (est  of  a  weighbridge  at  Clieltenhatn  or  Gloucester,  and  found  lo  be  ''"' 
tons.  This  fact  la  of  little  imnartance,  except  as  it  affects  colculalionl  fwuJ* 
upon  gucb  erroneous  data.  The  public  mind  has  indeed  been  so  abused  ^<°°' 
tradictory  statements  on  this,  as  well  as  other  points  reapecting  these  iMOiin* 


it  i*  waantiy  poniUa  to  extract  ths  trutli.     BfCji*  trie  CoinmiUea  of  tl 
N  of  Commoiu  in  18J1,  Mr.  Gurocy  itaUd  that  hk  lint  ci 


Y^ 


irlou  each;  but  this  bet  did  not  prevent  hi*  "•eientifie  friend,"  who  had 
KMUtificaUy  inveBtigkted  "  it,  from  itating  in  the  "  Times  "  uewipaner,  that 
iKmialt  earriagt  mdmaeUaery  wtigh  atcut  16  aet.,  and  with  tAe/ulleompie- 
mUftnater  atitoke  from  20  to  22  euf."  Mr.  Guraey  further  itatet  in  hie 
Imm — "  33*  carriage  which  ran  between  Olouceiter  and  Chellenham  weight 
1  alatter  froni  a  magiitrate,  produced  to  the  Conunittee,)  nearly  three  ton* ; 
NjjAt  to  wei^  only  4fi  cwL  ;  if  it  weighs  three  tons,  there  is  extra  weighs 
^Widi  I  know  notlung.  TTtott  aarriaget  at  Glouceiler  were  biult  [vineipally 
ris  tb«  aapetinteudence  of  anaOur  ptrtoK.  I  thiiili  it  ii  pouibit  to  reduca 
■  H^a  eonsideraHy  as  impioTGments  go  on."  We  muet  hen  make  a  brief 
IpMioo,  to  ttate  that  we  undentand  the  three  cairioges  were  Iwilt  and  painted 
■(t^  alike,  ao  that  the  public  should  not  know  bow  often  they  were  duraged; 
9tty  we  have  tecorded  in  print  by  our  contemporaries,  "  a  tabular  view  of 
Ujonmen  performed  by  a  steam  carriage."  The  "another  peraon,"  aUuded 
ityUr.Giiniey,  was  that  very  able  engineer,  Mr.  Stone,  who  was  Mr.  Gumey'a 


lit  place  heiore  the  reader,  the  evidence  of  Mr.  Wm.  Crawshay,  jiut.  on 
N point  In  the  "Cambrian"  newspaper,  and  dated  Cyfaithfa, Iron  Woilm, 
tt  MnA,  1630,  this  gentleman  says'to  the  editor  of  the  "  Cambrian :" — 
"  Sv/T<^Aa  I  bave  reaK>n  to  expect  that  a  report  will  be  sent  to  you  of  the 
Afrf  tfiSx.  Gumey'i  steam  carriage  at  my  Other's  works  at  Hirwain,  and 
'  dn-axpoiM^ta  inade  of  its  powers  on  a  railroad  there,  I  think  it  better  t« 
fens  As  pnhlk  (now  «o  much  interested  in  the  sul^ect  cuT  steam  convefaiK«) 
Ma^  TOBT  medinm,  of  the  aetual  /atU  that  have  been  witnewed  in  (he 
flinanU  inad<^  and  under  what  ciicnmstances." 

'  lb.  Ornney,  at  my  moat  eanwit  request,  while  I  was  in  Ltmdon  three 
■ti  ■Mini,  eonamied  to  bring  one  of  his  ateam  cartiages  which  bad  been 
b  Hid  -J-[-'-J  for  drawing  coaohet  on  turnpike  roads,  to  try  her  powars  op 
TMW  rnilroad  on  Hirwain  Common."  Mr.  Crawshay  then  proceeds  to  stale 
4"  ha  had  oonsidaraUe  difficulty  in  persuading  Mr.  Gumey  to  accede  to  hie 
imi"  bowavar,  the  latter  gentleman  at  length  consented  to  gratiAr  tbe  inte- 
MfHUJe;  and  tbe  engine  waa  lent  from  Lwidon  to  Cyfaithfit  Iqr  AonM,.Md 
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there  fitted  with  cast-iron  wheels,  and  otherwise  adiq[>ted  to  the  nOraiid.  Tins 
prepared,  *'  the  engine,  with  water  and  fuel,"  Mr.  Crawahay  aavay  "  wiighij 
thirty  cwt,  !  "  so  that  if  we  admit  Mr.  Gumey's  evidence,  and  Mr.  Crawihaj^i 
'<  actual  facts  "  to  be  both  true,  we  must  be  prepared  also  to  believe  that  tlw 
substitution  of  cast-iron  wheels  for  wood,  and  the  addition  of'  the  charges  of 
water  and  fuel  to  a  carriage  previously  weighing  about  3  tons,  must  have  been 
the  cause  of  the  extraordinary  reduction  of  weight  mentioned.  After  stating  tliii 
''  actual  fact/'  Mr.  Crawshay  makes  out  a  statement  of  the  weight  attached  to 
the  engine  being  20  tons.  8  cwt  2qrs.  (the  pounds  and  ounces  are  omitted.) 
Having  "  faithfiuly  detailed  "  the  particulars  of  this  and  other  experiment!  i 
greater  magnitude,  this  eminent  iron-master  states,  that"  in  all  the  cases  named 
Mr.  Gumey's  engine  has  drawn  from  15  to  16^  times  its  own  weight" 

Now,  if  we  could  exclude  from  our  minds  all  idea  of  the  foregoing  pheno- 
menon, and  were,  for  argument's  sake,  to  suppose  that  Mr.  Gumey's  endeoee 
was  on  this  point  correct,  does  not  the  "actual  fact"  data  become  acUially 
fictitious?  and  hence,  are  not  the  deductions  actual  farces?  Perhaps  Dr.  Lardaer 
or^Mr.  Alexander  Gordon  will  help  us  out  of  the  dilemma  in  which  these  aceounti 
have  placed  us.  We  are  anxious  only  that  the  unalloyed  truth  shall  be  told. 
{Note, — Mr.  Gumey,  upon  being  asked  by  the  Committee  of  the  Home  of 
Commons,  "  What  is  the  greatest  weight  in  proportion  to  its  own  weight,  whidi 
any  carriage  draws  on  a  railroad?"  replied,  "A  carriage  was  originally  nf^wif^ 
to  draw  only  three  times  its  own  weight  upon  a  railroad ;  but  in  some  esperi- 
ments  which  I  made  in  Wales  with  Mr.  Crawshay,  of  Cyfaithfa  Castle,  we  found, 
in  an  experiment,  that  a  carriage  draws  thirty  times  its  own  weight  f") 

The  valuable  testimony  of  Mr.  Crawshay,  just  noticed,  was  so  higUy  prind, 
that  we  find  another  was  boastingly  published  in  the  following  year,  finom  the 
same  gentleman,  and  addressed  to  Sir  Charles  Dance.  It  is  dated,  Cyfiiithfii  Imo 
Workf^  23d  February,  1832.  We  regret  that  our  space  will  only  allow  in  to 
give  the  following  brief  extract,  which,  however,  relates  to  the  main  point  :— 

"  As,  however,  facts  of  past  performances  of  any  kind  are  more  tatiifadaT 
than  anticipations  of  the  future,  I  beg  to  state  to  you,  that  in  the  past  tsrelfo 
months,  between  the  1st  day  of  January  1831  and  me  Ist  day  of  January  183^ 
the  locomotive  engine  which  I  bought  of  Mr.  Gumey,  weighing  only  thntj;^ 
hundred- weight,  including  every  thing  whatever  belonging  to  it,  wito  watariBd 
fuel  in  a  working  state,  conveyed  42,300  tons  of  cqal,  iron-stone,  and  inm,  eidoBT* 
of  the  carriages  on  which  they  were  drawn,  the  distance  of  2^  miles  upon  evnl 
at  Hirwain,  in  journeys  of  from  20  to  30  tons,  as  suited  our  convenience;  dsriig 
which  time  the  entire  consumption  of  coal  was  299  tons,  which,  at  3i.  perto^ 
amounts  to  44/.  17«.;  the  wages  of  the  engineer  52/.,  and  those  of  thekv 
15/.  12«.  together,  exclusive  of  the  trifling  repair  of  the  engine,  and  the  oflw 
other  little  matters  required  for  its  use,  112/.  9«.,  or  less  than  one  fiirthiBg  p* 
ton  per  mile,  for  the  goods  conveyed ;  and  I  must  not  omit  to  obsent  ti 
that  had  there  been  nearly  double  the  work  to  do  on  this  road,  the  t&ff^ 
would  have  done  it  with  little  or  no  increased  expense,  as  she  was  mnai^ 
working  idle  for  the  purpose  of  keeping  the  boiler  full,  about  one  half  of  ker 
time." 

To  readers  who  do  not  calculate,  this  statement  appears  highly  flattrring;  M 
a  very  little  investigation  will,  we  think,  show  it  to  be  the  reverse.  Let  m  fint 
look  to  the  horse-power  exerted  by  the  engine :  if  we  take  the  usual  cttiaiM 
of  horse-power  at  150/.  constant  rorce,  at  2j  miles  per  hour,  and  efttmilatiit 
resistance  of  the  Hirwain  railway,  which  is  upon  a  dead  level,  and  liaf  W* 
formed  since  that  of  Manchester  and  Liverpool,  at  the  same  resistance  as  ^ 
on  the  latter,  which  is  ^l^th  of  the  insistent  weight,  we  have  150  X  240  X  8  he^i 
X  310  davs  =  89,280,000  lbs.  ^2240  =  39857  tons  drawn  by  one  hone  in  th( 
year.  If,  however,  we  take  the  estimate  of  a  horse's  power,  made  by  Mr.  Btii^ 
(whose  results  are  much  more  entitled  to  confidence  than  those  of  aay  ^ 
experimentalist,  on  account  of  the  much  more  extended  acale  of  bis  esff^^ 
ments,)  we  shall  have  163  lbs.  as  our  datum  for  a  horse's  power,  (being  tW 
mean  force  exerted  by  each  horse  out  of  144  at  ploughing;)  and  thb  inui*" 
estimate  wc  find  makes  the  number  of  tons  drawn  by  one  bone's  povtf 
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3,311  in  310  days  of  ordinary  work.  This  powerful  engine,  therefore,  did  th« 
rotk  of  one  of  Mr.  Bevan*s  horses.  Let  us  next  examine  its  economy  in  the 
onnunption  of  fiiel,  as  compared  to  other  locomotive  engines.  Mr.  Crawshay 
1^  that  299  tons  of  coal  were  consumed  in  drawing  3ie  42,300  tons ;  as  to 
te  price  of  the  coals,  the  wages,  and  the  waste  hy  idle  work,  the  same  circum- 
tances  attend  other  engines  on  other  railroads,  and  can  only  affect  this  calcula- 
ion  by  unnecessarily  mystifying  it;  we  shall,  therefore,  not  notice  them. 
few  42,300  tons  conveyed  2^  miles,  are  equal  to  105,750  tons  conveyed  one 
nfle ;  and  from  some  experiments  made  on  the  Manchester  and  Liverpool 
iilway,  it  was  found  that  about  ten  ounces  of  coal  were  sufficient  to  convey  one 
m  one  mile.  But  after  making  every  allowance  for  waste,  Mr.  Wood,  in  his 
"reaUMe  on  Railroads  (see  page  405)  considers  1  lb.  adequate  to  each  ton ; 
Nitequently,  the  105,750  tons  conveyed  one  mile  by  Mr.  Crawshay,  ought  to 
are  been  taken  (at  1  lb.  per  ton)  by  47  tons  of  coal,  instead  of  the  299  tons 
MMumed  by  Mr.  Gumey  s  engine.  Mr.  Gumey*s  improvements  in  railway 
womotion,  therefore,  consist  in  rendering  the  cost  of  fiiel  six  times  greater 
lan  it  was  previous  to  this  notable  experiment,  which  has  cone  the  round  of 
il  Uie  journals,  and,  we  believe,  hitherto,  without  comment! 

The  friends  of  Sir  C.  Dance  state,  that  his  carriages  were  stopped  fVom  running 
etween  Gloucester  and  Cheltenham  owing  to  there  having  been  9  or  10  inches 
epth  of  rough  stones  laid  across  the  road,  at  the  instigation  of  the  horse 
oach  proprietors ;  and  that,  although  the  power  of  the  engines  was  sufficient 
nt  fair  average  roads,  they  were  '<  not  powerful  enough  to  travel  satisfactorily 
a  a  road  so  treated  ;  but  Sir  Charles  Dance  had  seen  sufficient  to  convince 
im,  that  little  more  power  than  what  he  possessed  would  be  sufficient  to 
vfercome  all  the  obstacles  of  common  roads ;  he  did  not  therefore  desert  the 
ante,  but  continued  his  inquiries  and  experiments,  daily  becoming  better 
cquainted  with  his  subject,  and  yet  not  so  well  satisfied  with  himself,  but  that 
e  oecame  desirous  of  consulting  practical  experience,  and  this  brought  him 
equainted  with  Messrs.  Maudslay  and  Field,  whose  practical  skill,  aided  by 
ir  Charies  Dance's  information,  enabled  them  to  fit  up  one  of  the  old  carriages 
I  such  a  manner,  as  to  show  results  far  greater  than  any  thing  which  had  before 
een  accomplished  by  steam  carriages  upon  common  roads."  This  alludes  to  a 
Rmiey  to  Brighton,  the  particulars  of  which  we  cannot  insert,  but  they  arc 
hran  by  Mr.  Gordon  in  his  Treatise.  The  connexion  between  Sir  Charles 
lance  and  the  engineers  just  mentioned  led  to  the  taking  out  of  a  patent  in 
833,  which  we  shall  notice  in  its  proper  place. 

The  specification  of  the  patent  granted  on  tlie  4th  March  1831,  to  the 
leam.  Napier,  of  London  and  Glas^w,  shows,  that  those  gentleman, 
otwithstanding  their  unquestionable  ability  as  practical  engineers,  were  but 
idiflbrently  informed  upon  the  progress  of  invention  in  locomotion.  They 
escribe  their  improvements  to  consist,  "  First,  in  communicating  the  power  of 
le  engine  or  engines  for  propelling  the  carriage  to  the  wheels,  by  means  of  a 
slt^  atrap,  or  band,  made  of  leather  or  any  other  suitable  material,  and  which 
thf  or  band,  works  upon  two  pulleys  or  drums,  the  one  fixed  upon  a  shaft 
oimected  with  the  engine  or  engines,  the  other  fixed  upon,  or  connected  with, 
la  axle  or  wheels  of  the  carriage ;  more  than  one  of  which  belts  may  be 
Bed  if  necessary.  This  will  be  better  understood  by  reference  to  the  cut  on  the 
at  page,  a  is  a  horizontal  steam  boiler,  with  an  nemispherical  end ;  at  b  are 
m  two  cylinders  of  the  engines  working  horizontally,  and  fastened  upon  the 
oflara ;  c  c  is  the  framing  of  engines,  which  is  also  fastened  to  the  boilers  and 
agine  cylinders ;  d  connecting  rod  of  engine ;  e  the  crank  shaft  of  engines, 
poo  which  is  fixed  the  pulley  or  drum  /,  mm  which  pulley  the  strap  g  com- 
nmicatea  the  power  of  the  engine  to  the  pulley  or  drum  h,  which  in  the 
ptaent  case  is  fixed  on  the  middle  of  the  wheel  axle  i  ;  k  &  the  hind  wheeb 
r  carriage ;  /  fore  wheel  of  carriage,  which  turns  on  a  circular  plate  for  the 
iarpoee  m  guiding  the  carriage  on  the  common  roads.  The  boilers  and  engines 
Bing  firmly  fiistened  together,  thus  forming  one  entire  piece,  is  suspended  by 
Kings  nnn,  from  a  n-ame  work  o  o,  resting  upon  the  wheel  axles  of  the 
Briag^  and  having  ito  connexion  with  the  said  carriage  or  frame-work,  but  by 
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The  above  BTrongement  ii  Applicable  k>  oomioDa  or  tunipik*  load*,  and  aij 
be  eaeily  altered  to  be  suitable  for  railwayt.  The  patentee*  laj  no  cfaw  M 
Ibii  or  any  other  arTuigement  of  the  parti  of  the  macfainetj^  but  mardf 
to  the  ap^ication  of  the  belt,  ttrapa  or  hand,  made  of  leathar,  ar  aaj  elk* 
Riitable  material,  with  either  cylindrical  or  conical  pulley*  or  diumit,  to  CM- 
municale  the  power  of  the  engine  or  enginei  to  the  wheels  of  eairiafaa. 

The  ipecification  likeiri«e  deacribea  some  varietie*  of  a  rrlinikinil  Mr 
made  with  a  longitudinal  central  Que,  terminating  in  an  hemiaplifakd  ^n^ 
or  cap,  covering  the  whole  of  the  end  of  the  boiler;  from  tbia  diaakw  lb 
heated  gases  are  compelled  to  return  through  a  series  of  nnaUo'  tadiM  k  lli 
front  end  of  the  boiler,  whence  they  are  conducted  to  the  c1 

We  hare  already  described,  at  page  47T,  a  patents 
Mr.  Robert  StephRDson  on  the  axletrees  of  railway  o 
we  ere  now  treating  of,  another  invention,  from  the  tame  celebnted  (i 
preaenU  itself  to  our  notice;  it  is  dated  the  llthof  ManblSSI,  and  n  nliM 
"Improvement  in  the  axles  and  parts  which  form  the  bearing*  atthecaatm^ 
wheels,  which  are  to  travel  upon  edge  railways." 

in  orier  to  produce  rotation  in  the  whael^  and  cmaaqtMntlj  ]wagra>MBtf 
locomotive  carriages,  it  ia  necewaiy  to  fix  the  wbedt  en  tha  and*  otib*  adH 
and  when  this  fiiture  is  effected  in  the  usual  mannar,  the  wei^t  rf  thtM- 
Rage  and  its  content*  is  supported  by  concave  bearings  railing  in  At  am* 
■urfaees  of  the  cylindrical  ends  of  the  axles,  and  hence  niliii  a 
keeping  the  rubbing  parti  constantly  lubricated,  as  the  oil  m^died  b 
in  contact  will  have  a  tendency  to  eieape  by  it*  gravity  to  a  ma** 
on  the  lower  aides  of  the  azles;  and  the  consaqueoca  of  tbi*  ii,  « 
waat«  of  oil,  with  an  imperfect  lubrication. 

To  remedy  this,  Mr.  Stephenaon  employs  far  each  pair  at  win 
iile,  consisting  of  a  hollow  casing,  o -    .  -  .     . 


ofwhi^  iiMwfaaib« 


firmly  fixed,  and  a  solid  axis  paasmg  through  the  hoUow  caaing,  and  mmmIiV 
on  its  ends  the  weight  of  the  carriage,  through  the  medium  of  boQow  mhV 
attached  to  sprinn  of  the  usual  construction,  which  euweda  dw  beariapai* 
the  side  rails  of  toe  carriage,  placed  neoesiarily  on  the  ootnde  of  &»  .wfcaHi 
Thus  the  supporters  or  wheels  being  fixed  to  the  concave  parta  of  Oa  bemg 
and  th*  suppwted  weight  w  carriage  being  connected  with  tba  conns  Cf  ■■ 
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part  of  the  bearings,  the  oil  will  have  a  tendency  by  its  gravity  to  accumulate 
on  the  rubbing  parts,  and  thus  combine  a  perfect  lubrication  with  an  economical 
supply  of  lubricating  material. 

The  solid  axles  are  made  thickest  near  their  extremities,  so  that  the  parts  which 
pass  through  those  portions  of  the  hollow  axles  which  are  fixed  into  the  naves 
of  the  wheels,  and  at  the  same  time  the  apertures  of  the  corresponding  parts  of 
the  hollow  axles,  are  diminished,  both  being  turned  perfectly  cylindrical,  that 
they  may  be  fitted  together  with  facility,  and  come  into  contact  only  where  the 
bearings  are  intended  to  take  place. 

In  September  1831,  Mr.  G.  H.  Palmer,  of  Manchester -street,  Grays  Inn 
Road,  took  out  a  patent  for  a  variety  of  improvements  appertaining  to  locomotion, 
which  we  shall  proceed  to  notice. 

The  abstract  parts  of  the  engine  and  boiler  which  he  claims  as  being  novel 
either  in  principle,  or  as  regains  their  peculiar  modification,  are, — 

First,  The  self-regulating  blast  apparatus,  by  which  ^e  quantity  of  fuel  to  be 
ignited  in  a  given  time  is  governed,  m  order  to  insure  the  generation  of  a  volume 
of  steam,  suited  precisely  to  all  the  variable  speeds  and  powers  of  the  engine. 

Secondly,  The  steam  cialorific  self-adjusting  apparatus,  which  acts  in  conjunc- 
tion with  the  blast  regulator,  and  is  so  contnvea  as  to  lift  the  weight  from  the 
kiver  of  the  safety  viuve,  and  permit  the  steam  to  escape  from  the  boiler  should 
the  aforesaid  apparatus  fail  of^  instantly  checking  its  evolution. 

Thirdly,  The  self-acting  safety  apparatus,  by  which  the  security  of  the  boiler 
is  insured,  should  the  apparatus  for  supplying  it  with  water  fail  in  its  effect,  so 
that  in  the  event  of  the  water  in  the  boiler  being  reduced  below  a  determined 
level,  the  process  of  combustion  will  be  instantly  suspended,  and  the  boiler  pro- 
tected from  injury. 

Fourthly,  Making  the  products  of  combustion  evolved  from  the  furnace 

eicape  into  the  atmosphere  below  the  level  of  the  furnace  bars,  which  will  most 

-eflfectoally  prevent  the  admission  of  atmospheric  air  into  the  fUmace,  excepting 

that  portion  which  the  blast  and  calorific  regulating  apparatus  pennits  the 

Uowen  to  project  upon  the  fuel  undergoing  combustion. 

fifUily,  The  pipes  leading  from  the  opposite  ends  of  the  horizontal  part  of 
the  boiler,  are  designed  to  convey  the  water  (which  must  be  distilled)  most 
remote  from  the  direct  action  of  the  furnace,  to  replace  that  portion  which  may 
ht  carried  to  the  upper  part  of  the  boiler  by  the  great  volume  of  steam  gene- 
imted  between  the  two  concentric  cylinders. 

Sixthly,  To  insure  a  length  of  stroke  in  high  pressure  ennnes,  and  that 
irithout  mcreasing  the  diameter  of  the  piston  rods  beyond  that  wnich  is  required 
to  withstand  the  alternate  tug  and  thrust ;  and  without  resorting  to  the  very 
oljectionable  short  stroke  and  piston  rod  of  so  large  a  diameter. 

Seventhly,  The  slide  valves,  with  their  various  modifications,  requiring  neither 
eaaiiigs  nor  stuffing-boxes,  the  patentee  claims  as  perfectly  novel ;  the  action  of 
these  Deing  seen,  admit  of  matnematical  adjustment,  and  enables  the  engineer 
inatantly  to  reverse  or  stop  the  engine  at  pleasure. 

£ighthly.  For  a  modification  of  the  crank  and  beam  intended  to  supersede 
tiie  use  of  a  beam  of  the  usual  weight  and  dimensions,  parallel  motion,  cross 
liesdi,  and  costly  fittings  and  bearings  connected  therewitn.  This  mode  of  con- 
vertiag  the  reciprocatmg  into  the  rotative  motion,  the  patentee  says,  "  accom- 
pliiriiet  the  grana  desideratum  of  making  one  cylinder  produce  a  more  regular 
and  equalized  motion  than  can  be  accomplished  by  two  cylinders  when  used  to 
gire  motion  to  locomotive  engines  or  paddle  wheels." 

Ninthly,  The  condensation  by  which  highly  elastic  steam  of  any  temperature 
nay  be  converted  into  water,  without  the  application  of  injections,  or  by  the 
axtenaion  of  surface  by  making  the  cubic  contents  of  the  condensing  chamber 
equal  to  the  number  of  cubic  inches  of  steam  discharged. 

The  laid  condensing  vessel  to  cdnsiit  of  one  or  more  chambers,  which  may 
be  made^of  li^t  copper  or  other  materiaL  The  sphere  is  preferred,  as  combining 
ttyynyth'with  great  capacity.  The  conversion  of  highly  elastic  steam  into  the 
Bq^jd  state  is  to  be  accomplished  exclusively  by  esroansion,  without  regard  to 
cooling  flur&ce.    The  patentee  claims  the  nuking  tne  condensing  chamber  of 
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I,  M  vamiahed  onvH,  >3k,  cotton,  or  otker  tuJtkb]*  4ir  tai 

-ticht  materul,  to  as  to  allow  of  iU  *|[enwt«  inflation  aod  coUapiiiig,  eraj 
'  of  the  engine;  and  to  avoid  rupture  (ihould  the  ateam  e'er  arrive  at  aa 
ity  exceeding  the  atmoapheric  preuure),  it  must  be  enclosed  in  a  wove 
laaing,  la  permit  the  atmoapheric  air  to  enter  and  eaca^  with  great  facility, 
■t  checking  the  inflation,  or  collapaiag  of  the  aJbreaaid  oondeoiing  cham- 
Hle  more  thii  condenaing  chanmer  eiceedt  the  proportioni  given,  the 
efictual  will  be  id  open^m,  a*  the  ateam  will  expand  with  leia  reaUtaoca 
n  a  veaael  of  leu  cspaciQr,  at  it  mora  reaetnblea  the  proccu  of  turning 
'  elaatic  tteam  into  the  atmotphere, 

i  (ana  of  the  engine,  m  ajiplied  to  loconotive  oarriagea,  will  ba  explained 
1  firilowing  figOTM,  and  deacriptive  references  accompanying  them.  Fig.  1 
ipreriodtpaniian  elevation  showing  the  diipoaition  of  the  vsrioni  paita. 
'  u  a  longitudinal  aection  of  the  boiler  and  furnace,  ihowing  the  flueat 
,  ^Hndei,  Ac  ^g.  3  ia  a  (ranaverae  aaction  of  the  btnlar,  furnace,  and 
fie  reguUtoT,  ibowing  ita  connexion  with  the  blaat  regulator.  Hg.  4  ia  a 
oal  pun  of  the  lower  part  of  the  Ixnler,  fiimace,  and  fluaa.     Fig.  5  i*  • 
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nfinal  aection  of  one  of  the  riide  valvea  with  ita  leat  Fig.  S  la  a  plan 
~  aeal,  ahowing  the  ateam  and  condenaing  pataagea.  The  aame  letlera  of 
IC8  are  used  to  denote  the  aame  parti  in  all  the  viewa.  A  ia  die  boiler, 
lower  part  of  which,  and  concentric  with  it,  ia  placed  the  furnace  B, 
]  to  it  bjr  Ban^ei,  bolM,  and  nuta.  The  grate  C  ia  aupported  upon  an  iron 
D,  and  is  retained  in  ita  place  by  a  wedge,  or  other  aimpla  faaiening,  and 
leaaing  whicb,  the  ^ale  may  be  withdrawn  when  required.  The  furnace 
leniahed  with  (hel  through  an  aperture  in  the  crown,  bj  meana  of  a  pipe 
ding  onlaide;  the  boiler  terminatea  fay  two  alidea  or  doora,  which  are  alter- 
'  opened  when  (iiel  ti  admitted;  to  prevent  the  diacbarge  of  the  heated 
a  rake  is  added,  working  in  a  stuffing-box,  to  fbrce  the  fuel  into  the  (iir- 
ihonld  the  pine  get  choked.  It  ia  the  intention  of  the  patentee,  however, 
■pt  a  lelf-acting  mode  of  feeding  the  furnace  with  fiid,  bj  meana  of  fluted 
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rollers,  or  other  equally  efficient  means,  and  which  will  reeeiFe  their  motioi 
from  the  steam-engme.  £  £  £  E  are  four  flue  pipes  connected  to  the  top  of  the 
furnace,  and  descending  helow  the  bottom  of  the  ash-pit,  which  prevents  the 
natural  flow  of  atmospheric  air  to  supply  the  furnace. 

The  exit  of  the  pipes  being  carried  below  the  level  of  the  furnace,  is  adopted 
in  preference  to  cocks,  or  such  like  contrivances,  in  conjunction  with  the  Usit- 
regulating  apparatus.  F  F  are  two  circulating  tubes,  by  which  the  annular  spaee 
round  the  furnace  is  more  uniformly  supplied  with  water.  6,  a  pipe  with  iti 
valves,  through  which  the  supply  of  water  to  the  boiler  is  injected,  to  reolace  tlie 

?uantity  evaporated.    H  the  injecting  pump  for  supplying  the  boiler  witn  water; 
,  the  blowing  apparatus,  for  injecting  the  requisite  quantity  of  atmospheric  air 
into  the  furnace.     K,  a  pipe  through  which  tne  atmospheric  air  is  injected  into 
the  casing  L,  which  surrounds  the  ash-pit,  between  which  a  communication  i» 
formed  by  perforations  in  the  lower  part  of  the  cylinder  which  constitutes  the 
furnace ;  the  blast  is  by  this  means  rendered  less  partial  in  its  action  on  the 
fuel .  To  one  extremity  of  the  pipe  K  is  attached  a  regulating  valve  or  cover  M, 
which,  when  closed,  prevents  the  exit  of  the  air  contained  in  the  pipe,— the 
quantity  of  air  discharged  through  this  aperture  depends  on  the  area  of  the 
opening  given  to  the  valve.     It  is  opened  or  shut,  or  otherwise  adjusted,  hf 
means  of  a  screw  and  handle,  or  may  be  operated  upon  by  any  other  coDve- 
nient  means.     This  valve  is  used  for  regulating  the  quantity  of  atmospheiie 
air  passed  through  the  furnace,  suited  to  all  the  variations  of  resistance.    To 
the  other  extremity  of  the  pipe  R  is  adapted  a  hinged  valve  or  cover  N,  w 
weighted  as  to  counterpoise  tne  pressure  of  the  air  within ;    the  pipe,  when 
closed,  compels  the  air  discharged  by  the  blowing  apparatus  to  pan  into  the 
casing  L,  and  from  thence  into  the  furnace,  through  the  flue-pipes  fe  £,  8te^  into 
the  atmosphere,  excepting  that  quantity  which  may  be  discharged  through  the 
valve  M.    The  use  of  this  valve  is  to  limit  the  temperature  of  the  water,  ind 
consequently  the  pressure  of  the  steam  in  the  boiler,  by  permitting,  when  open, 
the  discharge  of  a  great  portion  of  the  atmospheric  air  otherwise  required  ftr 
combustion.     To  enect  this  object,  the  valve  N  is  connected  by  levers  0  VQ, 
with  their  necessary  rods  of  communication,  to  the  calorific  regithiting  appantu 
R,  which  consists  of  a  piston  of  sufficient  area  to  overcome  the  resistaoce 
opposed  to  it,  working  through  a  stuffing-box  in  a  cylindrical  83rphon  tube,  coo* 
taining  a  quantity  of  mercury  as  a  medium  by  which  the  steam,  passing  from 
the  boiler  into  the  regulating  chamber,  acts  upon  the  aforesaid  piston.    S,  t 
safety-valve,  with  its  graduated  lever  and  weight ;  a  loop  T  is  formed  on  the 
end  of  the  lever,  and  embraces  the  screwed  end  of  the  regulator  piston ;  vbes 
the  nut  V  comes  in  contact  with  the  loop,  ihe  lever  and  safety-valve  are  lifted 
effectuallv,  preventing  the  occurrence    of  accidents,  should  the  nfety-vH^ 
remain  closed  beyond  the  limiting  pressure.     The  action  of  the  safety-nln 
and  lever  is  rendered  simultaneous  by  two  small  connecting  links.     At  J  vt 
chamber  attached  to  the  crown  of  the  furnace,  and  connected  by  a  tube  Y,fith 
a  piston  and  cylinder  of  precisely  the  same  description  and  construction  ai  thit 
used  for  the  calorific  regulator  R,  and  may  be  placed  in  any  convenient  ntet' 
tion  for  operating  on  a  safety  slide  cock  or  valve  Z,  which,  when  the  water  i> 
the  boiler  has  evaporated  so  low  as  to  endanger  its  safety  from  a  deficiency  <^ 
supply  fVom  the  force-pump,  is  closed,  and  completely  prevents  the  passsfe  i^ 
atmospheric  air  into  the  furnace — thus  combustion  instantly  ceases,  Uie  iffOl«^ 
fuel  being  deprived  of  air.     The  motion  communicated  to  the  piston  bjtki 
steam  generated  in  the  chamber  X,  operates  on  the  levers  shown,  until  the  Ttf- 
tical  lever  rising  with  the  piston,  the  detent  passes  the  projecting  fin,  vben 
the  slide  Z  is  instantaneously  released,  and  falls  by  its  own  gravity,  completely 
closing  the  passage  through  the  pipe  K.     The  combustion  being  suspended,  ^ 
temperature  of  the  water,   ana  consequently  the  pressure  of  the  stetfii  * 
instantly  reduced,  thus  preventing  the  destruction  of  the  boiler  by  the  poverihl 
action  of  the  fuel  when  the  heating  surface  is  unprotected  by  the  water,  ff 
facilitating  the  reference,  the  regulators  R  are  arranged  with  a  view  to  pfff*" 
ciiity,  rather  than  mechanical  exactness.     It  will  he  perceived  that  the  f^ 
slide  Z  with  its  appendages,  have  been  omitted  in  J-g.  1,  lest  it  should  hi« 
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D^ered  too  confused.  The  steam  cylinder,  piston,  tnd  ttafflng-boxeiy 
r  the  usual  construction,  do  not  require  a  particular  description,  the 
culiarity  being  the  great  length  of  the  cylinder  comparea  with  its 
r,  and  the  small  diameter  of  the  piston  rod.  The  adjustment  of  the 
I  the  cylinder  is  effected  by  means  of  screws  and  nuts  at  the  two  extre- 
rhere  they  are  connected  to  the  chains  «  «  by  the  loops  r  r.  The  slide 
a  are  connected  together  by  two  adjusting  side  rods  b  6,  and  have  two 
m  each,  with  a  connecting  chamber  c.  The  seats  have  each  three  aper> 
equal  area  with  those  in  the  slide,  so  that  the  alternate  operation  of  admit- 
im  to  the  cylinder,  and  condensing  it,  is  produced  without  the  aid  of  a 
r  cover  over  the  slide.  The  movement  producing  the  alternating  motion 
lidet,  is  of  the  tappet  kind,  capable  of  the  nicest  adjustment,  by  means 
«  and  nuti  at  eacn  end  of  the  tappet  rods  dd,  which  also  connect  them 
chains.  «  b  a  carriage  fbr  supporting  the  tappet  lever/  and  the  guide 
a,  against  irhich  the  tappet  rods  rub,  and  by  which  they  are  prevented 
lecting  out  of  the  right  line  when  brought  into  action.  The  side  rods 
inited  at  h,  the  middle  of  their  length,  by  a  carriage  furnished  with 
rollers,  which  is  embraced  by  the  forked  ends  of  the  tappet  rods/,  and 
\k  the  slides  are  moved.  The  pressure  tending  to  lift  the  slides  from 
its  by  the  action  of  the  steam  in  their  passages,  is  counterbalanced  bv 
nal  pressure  produced  by  two  helical  springs  k  k,  at  the  back  of  each 
d  the  friction  is  diminished  by  two  grooved  rollers  II,  working  on  a  guide 
to  the  face  of  the  slide,  m  is  the  condensing  chamber,  into  which  the 
admitted  after  it  has  performed  its  office  in  the  cylinder,  where  it  is 
d  to  expand  freely.  The  slide  valve  seats  communicate  with  the  upper 
the  pipes  nn,  which  enter  the  chamber  separately,  or  united  in  one 
*he  water  produced  by  the  condensation  of  tne  steam  is  drawn  f^om  the 
*  bj  the  force-pump  H  through  the  pipe  and  valves  o,  which  chamber  it 
d  with  an  inverted  safety-valve  p  to  prevent  collapsing.  The  steam  is 
sly  excluded  from  the  engine  by  closing  the  slide  valve  a.  The  chains 
led  to  the  pulleys  /  /,  whose  axes  turn  in  bearings  on  the  bracket  v  v, 
ecured  to  the  transverse  bearers  of  the  frame  work  of  the  carriage, 
alleys  should  be  more  in  circumference  than  double  the  length  of  the 
stroke.  The  reciprocating  motion  of  the  pulley  /  and  the  engine,  pro- 
I  revolution  or  rotation  of  the  crank  shaft  w ,  by  means  of  a  lever  keyed 
•nd  of  the  pulley  axis,  and  the  intervention  of  the  connected  rod  y,  the 
laft  revolving  in  bearings  attached  to  the  frame  of  the  carriage.  The 
r  the  lever  must  exceed  in  a  trifling  degree  that  of  the  crank  ww,  x,  a 
spur-wheel  working  into  a  pinion  of  half  its  diameter  on  the  axis  of 
iage-wheels  5,  so  that  the  carriage  performs  a  distance  equal  to  twice 
amference  of  the  wheels  5  for  each  double  stroke  of  the  engine.  Any 
roportions  of  the  wheel  and  pinion  may  of  course  be  adopted  as  the 
if  the  machine  or  the  required  speed  of  the  carriage  may  render  necea- 
hk  the  crank  shaft  W  is  a  pulley  6  grooved,  to  receive  a  catgut  band  for 
raae  of  driving  the  machinery  to  work  the  blowing  apparatus.  These 
I  and  pulley  6,  have  been  represented  by  dotted  lines  to  prevent  con- 
The  machinery  for  working  the  blowing  apparatus  consists  of  two 
7  on  an  axis  8,  supported  on  two  brackets  9  fixed  to  the  side  frames  of 
iage ;  one  pulley  to  receive  the  motion  from  the  crank  shaft  W,  and 
r  to  communicate  the  motion  to  the  pulley  10.  On  tlie  axis  of  the 
fiui  a  greater  number  of  pulleys  may  be  found  convenient  to  vary  Che 
of  the  blowing  fan,  according  to  circumstances.  The  pulley  axis  8  is 
,  to  form  a  winch  by  which  the  blowing  apparatus  can  be  worked  b^ 
labour,  where  the  engine  is  at  rest,  and  for  which  purpose  a  provision  is 
disengage  the  pulley  from  the  crank  shaft  W,  by  slidine  the  brass  bear- 
he  bracket  heads  in  the  direction  of  the  crank  shaft  The  catgut  band 
i  be  dackened,  and  the  pulley  will  revolve  without  it  '^  when  it  is  required 
QDeeted  with  the  engine,  the  reverse  of  this  operation  will  be  necessary, 
:  of  which  positions,  the  axis  will  be  retained  by  a  set  screw  11.  The 
Dp  la  worked  by  means  of  an  adjusting  crank  12,  keyed  on  one  end. 
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of  tlie  axis  of  the  pulley  f,  and  eo  Timunicating  with  the  pump  pigfon  bj  a 
necting  rod  and  slings  13.    The  pump  is  secured  to  a  portion  of  the  bracket  r, 
pnnecting  below  the  carriage  frame. 

To  avoid  the  impediment  that  is  likely  to  occur  occasioDally  from  mow  or 
ice  upon  railways,  Mr.  Grime,  of  Bury,  has  proposed,  under  a  patent  rig^ 
dated  the  2l8t  February,  1831,  to  dissolve  the  same  by  making  the  raib  helbf, 
and  causing  hot  water,  steam,  or  h€»t  air,  to  pass  through  them,  ao  as  to  kcA 
them  at  a  temperature  above  the  freesing  pomL  For  this  purpose  a  boiler  a 
to  be  erected  oy  the  side  of  the  railroad,  at  distances  of  two  or  three  mibi 
from  each  other.  One  of  these  boilers  being  supplied  with  water,  and  baft 
applied,  the  water  is  forced,  by  the  pressure  of  steam  on  its  snifiMe,  throi^b 
a  pipe  communicating  with  the  hoUow  rail,  and  leaehing  nearly  to  the  botton 
of  the  boiler,  and  along  the  railway,  till  it  ceases  to  give  out  •  sufficient  foiih 
tity  of  heat  to  melt  the  snow  or  ice  which  may  lodge  on  the  rails,  when  tbt 
water  is  received  into  another  boiler  by  means  of  a  &edin^-  vesael  placed  eror 
it.  This  feeding  vessel  is  connected  with  the  boiler  by  two  pipes, — die  am 
descending  from  its  bottom  to  very  nearly  the  bottom  of  the  boiler,  to  form  i 
water  communication,  and  the  other  from  its  top  to  the  top  of  the  boiler,  t» 
form  a  steam  communication.  Each  of  these  communications  is  pnyrided  witk 
a  stop-cock  and  levers,  from  both  of  which,  as  well  as  one  from  a  cock  on  tbt 
pipe  which  supplies  the  feeding  vessel,  are  connected  with  a  float  in  the  boikr, 
by  means  of  a  wire  passing  through  a  stuffing-box,  in  a  manner  similar  to  tfait 
described  in  Vol.  I.  p.  216,  where  the  float  descends  by  the  escape  of  wster 
through  the  exit  pipe  into  the  rails :  the  steam  and  water  communication  hm 
the  feeding  vessel  to  the  boiler  are  thereby  opened,  while  the  supply  pipe  totbt 
feeding  vessel  is  cloeed,  when  the  water  contained  therein  is  forced,  by  tbe 
pressure  of  steam  on  its  surface,  into  the  boiler,  till  the  float  is  elevated  to  u 
to  close  the  communications  between  the  feeding  vessel  and  the  boiler,  and  ts 
open  that  between  it  and  the  hollow  raik^  for  the  admission  of  a  firesh  so^/ 
of  cooled  water. 

It  is  stated  in  the  speeification,  that  instead  of  the  hollow  rails,  hot  vatar 
pipes  may  be  laid  along  the  line  of  road,  in  contact  with  rails  of  the  usnal  cor 
struction.  The  lengths  of  hollow  rail  are  connected  together  by  jPMCci  d 
copper  pipes  fitting  accurately  into  the  ends  of  the  pieces  of  hoUpw  laus,  wUek 
they  unite,  leaving  a  space  between  them  sufficient  to  allow  of  their  expuMM 
by  the  increased  temperature. 

On  the  2d  August,  1831,  a  patent  was  granted  to  Sir  James  C  Andenfl^ 
Bart,  of  Buttevant  Castle,  Ireland,  for  a  very  judicious  arraDgemeat  Uwf 
chanism  for  propelling  carriages  by  manual  laoour.  This  gentleman  dealgM^ 
a  carriage,  in  which  as  many  as  twenty-four  men  were  arranged  on  seat%  ii  ^ 
manner  of  rowers  in  a  boat,  but  in  two  tiers,  one  above  the  othef ;  the  ufat^ 
was  nearly  the  same  as  the  pulling  of  oars,  the  only  diflerence  being,  that  hy 
Sir  James's  plan,  all  the  men  sitting  on  one  seat  pulled  at  one  horiaontal  cMi 
bar,  each  extremity  of  which  was  fumisl>ed  with  an  anti-friction  roUcr,  fliat  ■• 
between  guide  rails  on  the  opposite  sides  of  the  carriage.  The  ends  of  sich 
of  these  horizontal  bars  were  connected  to  reciprocating  rods,  that  gave  mo60^ 
to  a  crank  shaft,  on  which  were  mounted  spur  gear,  that  actuated  similar  gttf 
on  the  axis  of  the  running  wheels  of  the  carriage ;  so  that  by  sliding  the  gMT 
on  the  axis  of  the  latter,  any  required  velocity  could  be  communicated  to  tk* 
carriage,  or  a  sudden  stop  made.  A  carriage  of  this  kind  it  was  piupossd  i» 
employ  as  a  drag,  to  draw  one  or  more  carriages  containing  passengers  afttrit 
The  worthy  Baronet  informed  us,  that  he  bad  chiefly  in  view  the  moveoMaty 
troops  by  this  method,  which  would  enable  them  to  efieot  their  mmrekn  ^ 
greater  facility  and  despatch ;  hetice  he  justly  considered  that  there  a^|^ 
be  a  great  diminution  of  the  peace  establishment,  without  detriaaaiit  to  v 
service. 

Mr.  Alexander  Gordon,  in  his  Treatise  before  referred  to,  disapproves  sf  4 
attempts  at  *<  homo-locomotion,*'  except  the  use  of  his  legs,  experience  baWV 
proved,  in  his  opinion,  the  utter  vanity,  if  not  impiety,  of  all  propositions  ei^ 
kind.     He  instances  the  Velocipede  as  the  most  promising  of  all,  yet  a  faSv*' 
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be  deduces,  that  "  tHe  inexplicable  vital  principle  bettowed  by  the  omni- 
ilent  God  upon  his  creatures  cannot  be  superseded  by  man's  utmost  know- 
Ige  in  meclianical  science."  In  our  simple  opinion  of  the  matter,  Mr.  Gordon 
m  entirely  overlooked  the  obvious  fact,  that  whatever  mechanical  improvement 
■J  be  effected  by  the  '*  creature,"  it  must  necessarily  proceed  from  the  Creator, 
imitdng,  however,  for  mere  argument's  sake,  that  the  Velocipede  was  a  failure 
ion  the  common  road,  does  it  not  follow  that  upon  a  railway,  where  the  resis- 
nee  to  motion  is  only  a  fifteenth  part  of  the  former,  that  the  effect  would  be 
stiy  increased  by  the  exertion  of  the  same  motive  force  ?  And  although  the 
ilway  is  one  of  the  results  of  our  increased  knowledge,  we  are  far  from  believing 
at  Messrs.  Stephenson  and  Booth  have  yet  attained  the  "  utmost  knowledge 
mechanical  science  "  that  man  is  capable  of;  or  that  the  Omnipotent  may  not 
ucHtafe  Co  man  such  an  increase  oi  his  capabilities,  as  will  cause  the  present 
e  to  be  hereafter  regarded  as  one  of  comparative  darkness. 
A  patent  for  a  locomotive  machine,  bearing  great  similarity  to  Sir  James 
nderaon's,  last  described,  was  taken  out  by  Mr.  A.  Cochrane,  on  the  10th  of 
•  tame  month ;  in  conformity  with  which,  a  carriage  was  constructed  and 
ipelled  through  the  streets  of  London  soon  afterwards ;  but  from  some  deflects 
its  construction,  as  well  as  from  there  being  too  few  hands  to  work  it,  to 
ercome  the  weight  and  friction  of  the  machinery,  it  did  not  perform  satis- 

About  this  period  several  patents  were  taken  out  for  improvements  in  the 
aatmction  of  the  wheels  for  railway  carriages.  Mr.  George  Stevenson's  plan 
Milted  in  combining  wrought  iron  and  cast  iron,  in  the  following  manner : 
le  spokes  are  to  be  made  of  wrought-iron  tubes,  compressed  from  the  circular 
o  an  elliptical  form;  these  are  to  be  laid  and  properly  adjusted  in  the  mould, 
a  true  radial  position,  to  receive  the  nave  and  the  felloes,  of  cast  iron,  made 
IHMiring  the  fluid  metal  round  them.  To  obtain  a  perfect  junction  between 
s  two  different  kinds  of  iron,  the  ends  of  the  tubular  spokes  are  previously 
ised  by  the  application  of  borax  over  the  surface,  and  then  heating  the  metal 
til  the  salt  fuses  over  it  The  ring  which  constitutes  the  felloes  is  cast  in 
-ee  portions,  with  an  open  space  between  them,  which  is  done  to  permit  the 
itmction  in  cooling,  and  to  allow  of  their  being  afterwards  keyed  up  firmly 
their  places. 

Mr.  Geo.  Forrester,  the  eminent  engineer  of  Liverpool,  also  had  a  patent  in 
ptember  1831,  in  which  he  proposed  to  unite  cast  with  wrought  iron,  by  a 
ty  ingenious  and  beautiful  process,  especially  with  the  view  of  constructing 
)  wheels  of  railway  carriages.  The  specification  informs  us,  that  there  is 
It  to  be  made  a  skeleton,  or  light  frame  of  wrought  iron  or  steel,  of  the  form 
luired,  but  of  considerably  less  thickness.  This  skeleton  is  to  be  brightened 
grinding,  scouring  or  filing,  so  as  to  adapt  it  to  be  tinned.  The  artide  to  be 
It  having  been  moulded  in  sand  or  loom,  in  the  common  way,  the  tinned 
sleton  is  carefully  laid  in  the  middle  of  the  respective  parts  of  the  mould, 
Meetii^[  pieces  being  attached  to  the  former,  to  keep  it  in  its  proper  place : 
\  mc«da  IS  now  to  be  closed,  and  the  cavities  formed  bv  the  pattern  are  to  be 
ed  op  with  fluid  cast  iron,  which  completes  the  operation. 
rhe  locomotive  steam  carriage,  contrived  by  l)r.  W.  H.  Church,  of  Bir- 
Dghaniv  now  comes  under  our  observation.  His  first  patent  for  locomotion  is 
iea  the  9th  February,  1832 ;  in  this  the  principal  novelties  claimed  are  as 
[owe: — ^First,  the  frame-work,  which  is  not  to, be  mortised  top^ether  in  the 
uJ  way,  but  imited  together  by  L,  T,  flat,  and  other  shaped  uron  plates  or 
«y  bolted  on  each  side  of  the  wood  work,  to  obtain  strength.  This  frame- 
rfc,  well  trussed  and  braced,  encloses  a  space  between  a  hind  and  fore  bod^  ot 
f  eairiage,  and  of  the  same  height  as  the  latter,  and  it  to  contain  the  engine, 
ler»  Ac.  The  boiler  consists  of  a  series  of  vertical  tubes,  placed  side  by  side, 
o  each  of  which  is  introduced  a  pipe  that  passes  through,  and  is  secured  at 
t  bottom  of  the  boiler  tube ;  the  interior  pipe  constitutes  the  flue ;  each  of 
m  first  passes  up  through  a  boiler  tube,  and  is  then  bent  syphon-wise,  and 
■ed  down  another  till  it  reaches  as  low,  or  lower,  than  the  bottom  of  the 
i-place»  whence  it  passes  off  into  a  general  flue  in  communication  with  an 
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exhausting  apparatus.     Some  other  complications  of  tubes  form  a  part  of  the 
arrangement,  which  our  limits  forbid  us  to  describe.     Two  fans  are  employed, 
one  to  blow  in  air,  and  the  other  to  draw  it  out ;  they  are  worked  as  usual,  bf 
straps  from  the  crank  shaft.     The  wheels  of  tlie  carriage  are  constructed  wiu 
the  view  of  rendering  them  to  a  certain  degree  elastic,  in  two  different  wayi: 
first,  the  felloes  are  made  of  several  successive  layers  of  broad  wooden  hoopi^ 
and  these  are  covered  with  a  thin  iron  tire,  having  lateral  straps  to  bind  the  hoopi 
together ;  second,  these  binding-straps  are  connected  by  hinse  joints,  to  a  kijid 
of  flat  steel  springs,  somewhat  curved,  which  form  the  spokes  of  the  wheek 
These  spring  spokes  are  intended  to  obviate  the  necessity,  in  a  great  measure, 
of  the  ordinary  springs,  and  the  elasticity  of  the  periphery  is  designed  that  the 
Yielding  of  the  circle  shall  prevent  the  wheel  from  turning  without  propelling! 
br.  Church,  however,  proposes,  in  addition  to  spring  felloes,  spring  spokes,  and 
the  ordinary  springs,  to  employ  air  springs,  and  for  tliat  purpose  provides  two 
or  more  cylinders,  made  fast  to  the  body  of  the  carriage,  m  a  vertical  position, 
closed  at  top,  and  furnished  with  a  piston,  with  packing  similar  to  the  cap-leather 
packing  of  the  hydraulic  press :  this  piston  is  kept  covered  with  oil,  to  preserve 
It  in  good  order,  and   a  piston-rod  connects  it  with  the  supporting  frsme 
of  the  carriage.     Motion  is  communicated  by  two  steam  cylinders  made  to 
oscillate,  being  suspended  on  the  ends  of  the  eduction  and  induction  pipes  over 
the  crank  shaft.   Tiie  crank  shaft  and  driving-wheel  axle  are  connected  together 
by  means  of  chains  passing  about  pitched  pulleys ;   and  there  are  two  pairs  of 
these  pulleys,  of  different  sizes  with  respect  to  each  other,  by  which  the  power 
may  be  varied,  by  shiftmg  the  motion  from  one  pair  to  the  other,  by  means  of 
clutch  boj^s. 

Several  successive  patents  have  been  taken  by  Dr.  Church  for  improvements 
connected  with  locomotive  carriages ;  but  we  regret  to  state  that  we  hare 
hitherto  met  with  nothing  in  his  arrangements  which  the  eulogies  of  the  press  1^ 
us  to  hope  for ;  but,  on  the  contrary,  most  of  the  contrivances  app^ar  to  us  to 
be  rather  retrogressions  than  improvements  in  practical  science.  Tne  very  fttals 
and  unprofitable  idea  of  propelling  upon  spheroidal  wheels  (made  so  by  ooo- 
nression),  and  thus  converting,  in  effect,  a  hard  level  surface  into  a  coDiUnt 
tiill,  we  should  never  have  suspected  to  emanate  from  the  mature  and  philoMh 
phic  mind  of  the  patentee. 

It  has  been  stated  in  the  public  papers,  that  Dr.  Churches  carriage  \» 
recently  been  tried  in  the  streets  of  Birmingham,  and  that  it  performed  voy 
steadily ;  how  far  the  arrangements  in  that  carriage  correspond  with  tk 
description  contained  in  the  patents,  we  are  not  informed ;  but  we  suspect 
tliere  must  have  been  a  radical  reform  to  enable  the  machine  to  work  at  li* 
A  beautiful  print  of  Dr.  Church's  carriage  was  published  in  Birmingham  bytf 
artist  named  Lane,  a  copy  of  which  is  given  in  the  Mechanka  Mmatt^ 
No.  533. 

The  next  invention  we  have  to  record,  emanated  from  the  prolific  mmd  tf 
Mr.  William  Henry  James,  of  Birmingham ;  it  blossomed  fairly,  but  tki 
embryo  fruit  never  came  to  maturity,  owing,  we  believe,  to  a  deficiency  of  tUt 
metallic  nutriment  which  is  indispensable  to  the  successfid  culture  of  lUiB 
carriages.  The  specification  of  bis  patent  (which  was  dated  the  15th  tf 
August,  1832,)  is  too  voluminous,  and  the  illustrative  drawinea  too  ebbortfii 
to  enable  us  even  to  condense  an  intelligible  description  within  the  90* 
allowed  us.  We  must,  therefore,  briefly  state  that  the  chief  feature  M  I 
powerful  high  pressure  boiler,  formed  of  a  horizontal  tier  of  cast-iron  piM 
ingeniously  cast  with  tubular  cavities  in  the  body  of  the  metal,  and  throo^M^ 
its  area.  These  cavities  hold'  the  water  to  be  vaporized,  which  is  oonstnllf 
made  to  flow  throughout  the  tier,  by  an  hydraulic  apparatus  which  die  tnreii' 
denominates  a  "  heart-puinp."  The  fire  operates  upon  the  entire  bottom  soifa^ 
of  each  water-plate,  and  the  steam  is  collected  in  the  highest  plate,  to  wW 
ill  addition  to  the  usual  appendages,  is  a  steam  pipe  leading  to  a  tromiH 
which  is  sounded  by  the  motion  of  a  lever  operating  upon  a  valve  at  the  iniW 
tion  orifice.  For  the  other  ingenious  arrangement  of  the  carriage,  we 
refer  the  reader  to  the  enrolled  documents. 
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sry  singular  and  interesting  proposition  has  been  made  by  Mr.  Richard 
n,  for  travelling  upon  undulating  lines  of  railway  in  preference  to 
t  or  level  lines,  with  the  view  of  saving  locomotive  power,  by  the  appli- 
of  the  natural  force  of  gravity  in  the  descent,  so  as  to  obtain  a  grent 
itom  in  making  the  succeeding  ascent  His  plan  is  best  explained  by 
r  in  the  specification  of  a  patent,  dated  the  8th  of  September,  1832,  which 
lined  for  that  object 

a  plummet  suspended  by  a  string,  as  in  Fig,  1,  in  the  annexed  engrav- 
>m  the  point  as,  be  drawn  awa^  from  the  perpendicular  line  to  the  point 

there  let  go,  it  will  fall  by  its  gravity  to  o,  in  the  arc  a  6 ;  but  m  its 


Fig.l. 


Fig,  2. 

it  will  have  acquired  so  much  momentum^  as  will  carry  it  forward  np 
oilar  altitude  at  the  point  c. 

tithe  supposed  that  a  line  of  rails,  or  tram-way  for  carriages,  be  so  con- 
d  from  the  summit  of  two  hills,  as  Ftg.  2,  across  a  valley,  that  the  descent 
oe  hill,  as  a,  to  the  valley  6;  shall  subtend  a  similar  angle  from  the  hori- 
line  to  the  ascent  up  the  other  hill  from  b  to  c.  Now  if  a  train-waggon, 
B  placed  at  the  summit  of  the  declivity  a,  it  will,  by  its  gravity  alone,  run 


entum  that  would  carry  it  torward  witnout  any  additional  torce  up 
ioff  line  to  the  summit  of  the  hill  c,  being  at  the  same  altitude  as  the 
It  is  quite  certain  that  this  would  really  take  place  if  the  force  acquired 
momentum  was  not  impeded  by  the  friction  of  the  wheels  of  the  carriage 
heir  axles,  and  upon  the  rails  on  which  they  run.  Hence,  subtracting 
cant  of  friction  as  a  retarding  force  from  the  momentum  which  the  ear- 
as  acquired  in  descending  from  a  to  i,  it  will  be  perceived,  that  the  force 
nentnm  alone  would  only  impel  the  carriage  part  of  the  way  up  the 
h  c,  say  as  far  as  z.  It  must  now  be  evident,  tne  carriage  d  would  not 
Its  down  the  descending  line  of  road  from  a  to  6,  by  its  gravity,  but  that 
mentum  acquired  in  the  descent  would  also  impel  it  up  the  second  hill 
u  s,  unassisted  by  any  locomotive  power.  In  order,  therefore,  to  raise 
riage  to  die  top  of  the  second  hill,  I  have  only  to  employ  such  an  impel- 
rce  as  would  be  sufficient  to  drive  it  from  2  to  c,  the  whole  expense  of 
tiva  power  for  bringing  the  carriage  from  a  to  k  being  saved.  If  now  I 
f  •  locomotive  power  to  assist  in  impelling  my  carnage  from  a  to  6,  I, 
,  means,  obtain  a  greater  momentum  than  would  result  from  the  descent 
earriage  by  gravity  alone ;  and  arc  enabled  by  that  means  to  surmoiml 
1  tf,  having  travelled  the  whole  distance  from  a  to  c,  on  the  undulating 
load,  with  the  exertion  of  much  less  locomotive  power  than  would  have 
•quisitc  to  have  impelled  the  carriage  the  same  distance  upon  a  perfectly 
ital  plane."      Having  thus  explained  the  principle  of  his  invention, 
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Mr.  Badnall  elumi  the  farmalian  of  tram  and  nilrowlt,  with  nich  iiDduUtiii| 
curve)  u  are  adapted  to  hit  object,  Thii  invention  bax  been  the  nibjectot 
much  able  controveny  in  the  medumct'  Mugaant,  and  lome  otbtr  pi^ 
journals,  of  which  ourlimita  render  it  impoeaible  to  give  anj  account.  The  plo- 
Bible  arguments  which  were  ru'ied  in  tupport  of  the  invenlor'a  theory,  led  to  am 
public  trials  m  the  Mancheiter  and  Liverpool  railway ;  which,  although  as- 
elusive  ai  to  its  inefiicacy  in  the  minda  of  moit  peraoni,  who  doubted  before,  )ui 
apparently  had  the  efiect  of  eoafirmiag  the  patentee  in  bia  prepoiimiona  of  in 

An  improvement  in  the  manufacturing  of  the  railafoT  rail-roadi,  waipaliLled 
by  Sharman  Converse,  late  of  New  York,  but  now  of  London,  on  the  29tbof 
September,  1832,  a.  description  of  which  i>  given  in  the  Reperlory,  fur  Apiil 
1S33.  The  explanation  is,  however,  not  very  clear)  all  that  we  canglllvr 
from  it  being,  that  the  rails  are  to  be  connected  and  luatained  longitudimllT, 
by  a  species  of  truuing  with  wrought-iron  rods,  iimilar  to  that  employrdm 
truuing  girdera. 

In  October,  1832,  Mr.  Redmund,  of  the  City  Road,  patented  a  boiler,  etptcUD; 
deiigned  for  locomotive  uses.  It  coniiata  of  a  aeriei  of  parallel  nrtial 
chambera  with  corrugated  lidet,  for  the  purpose  of  extending  the  htalici| 
aurface,  and  accelerating  the  production  of  steam  in  a  compact  apparatus  Tit 
principal  difference  between  it  and  Mr.  Hancock's,  is  in  the  circumstance  of  tht 
corrugation.  Mr.  Redmund,  ihortly  after  the  grant  of  hij  patent,  comtnxlEdi 
very  elegant  steam  carriagi ,  which  is  represented  in  the  subjoioed  cut   Ha 


wheels,  it  will  he  observed,  are  of  a  peculiu  kind,  and  are,  we  ar«  wSmm^ 
(he  nibjeet  of  &  distinct  patent ;  our  space  will  not  pennjt  us  here  (o  diB^ 
them.  The  arrangement  and  poaltiDD  of  the  chief  part  of  the  fssptOilf 
mechanism  is  the  same  ai  Hanoock's.  The  piidin^  is  eSected  k;  teiu  iai 
aimilar  manner  to  those  of  horaes,  each  rein  iteming  separately  tluai^  tli 
medium  of  leveti  in  turning  ^e  fore  wheels  of  the  carriage  to  tbv  right  <*  kt< 
and  to  facilitate  this  motion,  each  wheel  revolves  cm  a  distinctaxla  suppoitsda 
a  frame  that  tumi  hraiaontally  upon  a  pivot,  alter  the  nwonei  ef  Acknws^ 
patent  of  1816. 

The  great  improvement  in  the  construction  of  inn  laila  nitnidnasi  )f 
Mr.  Birkinshaw  m  1819,  and  described  by  us  at  page  411,  hav*  atood  IW  I' 
of  experience,  and  are  used  now  in  nearly  the  sama  atata  aa  he  lift  lb* 
Malleable  iron  was  thus  substituted  for  cast,  and  at  a  cheaper  rate.  NsrI^ 
the  duart  into  which  the  rails  are  filled  have  been  made  of  cast  ma,  ^u^r 
on  the  supposition  that  there  was  no  other  mods  of  beatowing  upon  tfaeat^ 
Taxied  form,  and  massive  parts,  at  a  moderate  coat ;  and  the  cotntqwaHi  ^ 
this  notion  may  b«  witnessed  in  the  thousands  of  broken  cha^  which  ssif' 
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nd  iloDg  any  of  the  conriderable  Ime«  of  railroad  nov  Iwing^  laid  down.  It 
herefore  witfi  much  iBtii&ctioa  that  we  p«mie  the  (peciScatiQO  of  the  patent 
DtMl  to  Mr.  Harry  Scrivenor,  of  New  Broad-street,  dated  November  6, 1832 ; 
object  of  which  is  to  coDitruct  the  chain  and  pedettalt  of  railways  «f 


object  of  which  IS  to  coDitruct  the  chain  and  pedi 
igni  iron,  slid  caiefly  by  meoni  of  the  ro'ini^  proceai. 


A 
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n  die  preceding  Fig.  \,  ah  repteaent  a  pair  of  cast-iron  roUt  designed  for 
olgect,  and  put  in  motion  by  the  usual  mechonUm  employed  in  iroD-worlu. 
rill  be  observed  that  the  series  of  grooves  or  indenlationa  in  their  peripheries 
n^ond  with  the  several  shapes  which  the  metal  b  intended  to  take,  in 
pnoTss  throDch  these  rollers,  until  it  at  length  attains  the  exact  shape 
aitM  to  form  the  chairs  or  pedestals.  Thus,  for  example,  the  grooves  at  c  if 
|tb«  adapted  to  receive  an  ordinary  diort  thick  bar  of  wroueht  iron,  about 
•  iMt  long,  and  six  inches  square,  pr(g)erly.  heated  fur  coUing.  The  bar  is  first 
wd  throt^gh  the  rollers  at  e  ^  which  causes  it  to  aunnie  the  shape  ahown  at 
Itb  then  pMsed  in  succession  through  the  other  grooves  on  the  rollers  at 
,  llf  n  «,  K  n,  whereby  it  successively  lakes  the  form  shown  tXefgh. 
ring  thus  obtaiosd  a  long  bar  of  iron  of  the  sectional  forni  shown  at  n,  it  is 
t  cut  into  lengths  far  chain,  which  ia  effected  by  the  miQ  ahean  shown  at 
.  2,  which  are  worked  by  the  engine.  Theae  shears  are  provided  with 
il  jaws  to  receive  the  choir  a«  shown  at  v  w,  b  order  that  in  cultine  off  the 
lir  it  may  not  k>e  forced  out  of  sjiape.     The  opeuing  between  the  cheeks  cd* 
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fbre  In  give  Ibesc  parts  n  more  suitable  runii 
for  holding  down  (he  rail.     This  is  effected  by 
making  the  chair  red  hot,  and  pUeing  inside  llie 
recess  a  mandril  of  the  required  b 
which  it  is  again  |>as9ed  through  ai 
of  rolls  shovn  in  the  nnncied  Fig,  3  ;  by  these    I 
the  recess  is  impressed  with  the   required  form 
to  adapt  it  for  receiving  the  intended  keys. 

The  last  invention  of  the  celebrated  Richard 
Trevithick,  of  Cnmborne,  in  Cornwall,  for  which 
he  look  a  patent  on  the  19th  March,  18"" 
was  for  improvements  in  the  steam-engine,  i 
in  their  application  to  navigation  and  locomo- 
tion. Ths  first  of  these  improvementB  consisted 
in  interposing  between  the  boiler  and  the  work- 
ing cylinder,  in  a  situation  to  be  strongly  heated, 
a  long  pipe,  formed  of  a  compact  series  of  curved  pipes,  in  which  the  steam,  after 
it  has  left  the  boiler,  passes  with  great  velocity,  and  is  further  expanded  in 
volume  before  it  enters  the  cylinder.  And  in  order  still  further  to  augment 
this  volutne  of  steam,  he  placed  the  working  cylinder  within  a  case  constttuling 
a  part  of  the  chimney,  where  the  cylinder  was  kept  hotter  than  the  steam 
employed  in  it,  and  by  these  means  employed  the  otherwise  waste  heat  in 
augmenting  the  power  of  the  engine. 

We  have  now  to  notice  the  labours  of  two  gentlemen,  who  are  justly  cele- 
brated for  their  ingenuity  and  skill  in  mechanical  construction,  in  various 
departments  of  art,  besides  that  of  locomotion  by  steam.  We  allude  to  Mr- 
Joseph  Gibbs,  late  of  the  Kent  Road,  nnd  Mr,  Aiigusins  Applegath,  of 
Crayford  in  Kent,  who  had  a  joint  patent,  dited  29lh  March,  1833,  for 
"certain  improvements  in  steam-carriages."  To  give  an  intelligible  descrip- 
tion of  the  many  original  contrivances  contained  In  iheii  elaborate  specification 
would,  with  the  requisite  illustrations,  re<]uirG  five  or  six  of  our  pages  ;  we  must 
therefore  be  content  with  giving  an  idea  of  the  nature  of  the  subjects,  and  refer 
the  curious  reader  (for  the  present)  to  the  enrolled  parchmen  Is. 

The  first  described  improvement  relates  to  the  general  arrangement  of  a 
steam-carriage.  The  bouer  is  of  a  very  novel  description,  and  consists  of  a 
series  of  double  cones  arranged  one  over  the  other,  the  external  angles  or  spaces 
between  which  are  receptacles  for  water,  which  is  circumscribed  externally  by 
a  cylindrical  casing.  The  fire  is  in  the  centre  of  the  series  of  cones,  and  operates 
upon  their  extensive  surfaces  ;  and  the  flue  is  so  an'anged  as  to  repeat  the  heal- 
ing operation  by  a  descending  current.  There  is  also  a  curious  combination  of 
shafts,  wheels,  couplers  and  springs  for  varying  the  speed,  &c. 

The  specification  of  Mr.  Jessop's  patent,  dated  the  31st  June,  1833,  relates 
to  the  manner  of  constructing  the  chairs  in  which  the  rails  are  fixed ;  that  is, 
in  place  of*the  usual  mode  of  Rxing  and  supporting  the  chair  upon  a  sleeper, 
the  chair  is  made  distinct  Irom  the  pedestal,  which  is  attached  to  the  sleeper, 
and  the  chair  and  pedestal  are  connected  by  a  universal  joint  or  binge,  which 
permits  the  pedestal  to  adapt  itself  to  any  irregular  sinking  of  the  block  or 
other  support  on  which  it  rests,  and  insures  a  firm  and  solid  bearing  upon  iL<i 
base.  The  patentee  also  efTects  il  by  the  combined  motion  of  a  hinge  joint,  ot 
other  means  permitting  motion  between  the  pedestal  and  chair,  and  a  movable 
joint  formed  at  the  junction  of  the  chair  and  rail,  so  as  to  produce  the  same 
effect,  and  tliereby  answer  the  purpose  of  a  universal  joinL 

The  following  drawings  represent  several  methods  of  constructing  the  uni- 
versal joint,  in  all  of  wnich  rr  are  the  rails,  cc  the  chairs,  pp  the  pedestals, 
and  b  b  the  blocks  or  sleepers  ;jj  are  junction  bars  of  cast  or  wrought  iron,  by 
which  the  opposite  chairs  are  connected  together,  and  ihe  rails  are  thereby  lield 
parallel  to  each  other,  and  at  a  proper  distance  apart,  and  are  also  relaiDrd  in 


RAILWAYS. 


515 


mitable  position  to  insure  a  flat  bearing  on  the  surfaces  of  the  rails  for  the 
heela  to  travel  upon ;  s  s  are  cast-iron  bed-plates  or  sleepers,  (which  may  be 
led  to  support  the  rails  where  stone  b  expensive,)  so  constructed,  that  the 
festal  may  be  readily  adjusted,  by  the  introduction  of  a  wedf  e  or  packing, 
I  a  proper  level,  without  disturbing  the  seats  which  the  bed-plates  may  have 
;quired  on  the  ground ;  the  same  method  of  construction  bemg  applicable  to 
le  pedestals,  when  they  are  attached  to  stone  blocks, 
i^.  1  is  a  side  view  of  the  railway. 

Fig,  1 


^g,  2  shows  the  plan ;  and  Fig,  3,  the  cross  section.   Two  of  the  stone  blocks 
ir«  drawn  in  an  inclined  position  to  show  the  action  of  the  pedestal. 


Fig.  2. 


Fig   3. 


tigi.  4  and  5,  are  sections  of  the  pedestal  and  chair,  showing  an  orbicular 
■mnal  Joint,  by  means  of  which  the  pedestal  adapts  itself  to  any  irregular 
iikiiig  of  the  stone  block  or  other  aleeper,  whilst  the  connecting  or  junction 
'**■  retain  the  rails  in  their  propei  gauge,  and  their  opposite  surfaces  in  the 
plane  or  straight  line. 


Fig.  4. 


Ftg,  5. 


itl 


^.  0,  7  and  6,  are  other  views  of  the  pedestal  and  chair. 

Fig.  8.  Fig.  7.  Ftg.  6. 
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Fig  10. 


Fig.  11. 


/^.  9  10  and  11,  are  a  ride  view,  plan,  and  sec- 
tion of  a  cast-iron  bed-plate,  used  as  a  salMtitute 
lor  the  stone  blocks  ;  snowing  also  tbe  method  of 
adjusting  the  rails  by  means  of  wedges  or  packings 
introduced  between  the  bed-elates  'and  the  base  of 
the  pedestal,  which  is  made  to  fit  in  the  recess 
formed  in  the  bed-plate,  and  secured  laterally  hj 
means  of  a  wedge  or  key.  The  patentee  states  his 
claim  to  consist  in  *'  constructing  railways,  to  the 
using  of  chairs  and  pedestals^  which  are  capable 
cf  turning  or  moving  on  umvertal  or  other  similar 
joints,  as  above  described,  whereby  the  railway  will 
not  be  so  liable  as  heretofore  to  be  deranged  by  the 
rinking  of  the  blocks  or  sleepers,  whether  of  stone, 
wood,  iron,  or  other  material." 

Until  recently  the  locomotive  engines  upon  the 
Manchester  and  Liverpool  railway,  were  usually  eon- 
ttructed  with  a  double  cranked  axis  upon  the  two 
main  wlieels  of  the  carriage,  which  wheels  were  provided  with  flanges  on  their 
peripheries  to  keep  the  engine  on  the  rails.  But  this  mode  of  construction  has 
been  found  to  be  defective,  owing  to  the  liability  of  the  crank  axis  becoming 
strained  or  broken,  by  the  excessive  friction  of  the  flanges  of  the  wheels  against 
the  rails,  when  the  locomotive  is  entering  sidings,  tummgs,  or  crossings  of  the 
rails,  or  passing  along  curvatures  in  the  line.  For  it  will  be  evident  that  the 
carriage  has  a  tendency  at  these  places  to  run  ofi'the  rail  sideways;  which  ten- 
dency is  counteracted  by  the  flanges  on  the  wheels  bearing  laterally  against  the 
inside  edges  of  the  rails,  on  the  concave  side  of  the  curvature ;  and,  when  it  is 
considered  that  the  great  weight  and  momentum  of  the  movin£^  body  meets 
with  a  sudden  inflexible  resistance  at  the  extreme  end  of  the  lever,  or  peri- 
phery of  a  large  wheel,  we  may  readily  conceive  its  liability  to  be  broken,  or 
at  least  strained.  It  is  evident  that  any  lateral  bending  of  the  cranked  axle, 
although  far  short  of  a  fracture,  will,  by  putting  the  wheels  out  of  square,  pro- 
duce a  violent  sureing  motion  of  the  whole  engine  sideways  in  its  further  pro- 
gress along  the  rails ;  and  such  violent  action  must  be  very  liable  to  break  the 
cranked  axle,  or  run  the  eneine  ofi*  the  rails.  To  obviate  these  disadvantages, 
Mr.  Robert  Stevenson  (under  his  patent  dated  7th  October,  1833),  divests  the 
tires  of  the  main  impelled  wheels  of  their  flanges,  and  in  lieu  thereof,  employs 
two  small  additional  wheels  with  flanges  behind  the  former.  These  additional 
wheels  are  applied  beneath  the  fireplace  end  of  the  boiler,  for  keeping  the 
engine  straight  on  the  rails  in  its  progress  forwards ;  and  the  axles  of  these 
wheels  being  straight,  and,  consequently,  stronger  than  the  cranked,  are  not 
Hable  to  be  broken  or  bent,  as  experience  has  proved  with  respect  to  the  axles 
of  the  fore  wheels,  which  are  precisely  the  same.  In  the  foHowing  cuts  are 
exhibited  a  side  elevation,  an  end  elevation,  and  an  end  section  of  one  of  Mr.  R. 
Stevenson's  improved  enfi;ines,  in  all  of  which  fibres  the  same  letters  of  refer- 
ence indicate  correapenmng  parts,  though  dimrently  viewed.  K  R  are  the 
main  impelled  wheels  on  the  cranked  axle,  without  any  projecting  flanges  on 
the  tires,  which  run  on  the  edge  rails  L.  MM  are  the  aaditional  small  wheels 
with  flanges,  applied  beneath  the  hinder  or  furnace  end  of  the  boiler;  and  O 
are  the  ordinary  small  wheels  with  flanges  beneath  the  chimney  end  of  the 
boiler,  where  the  working  steam  cylinders  are  situated.  The  small  wheels,  O 
and  M,  with  flanges,  as  before  observed,  keep  the  engine  straight  upon  the 
rails ;  and  the  large  impelled  wheels  K,  have  only  to  advance  the  engine  for- 
wards, and  to  bear  a  due  proportion  of  the  weight,  without  having  any  thing 
to  do  with  keeping  the  engine  on  the  rails;  therefore  the  cranked  axle  is 
liberated  from  all  lateral  strains,  which  is  wholly  transferred  to  the  small  wheels 
O  and  M,  with  flanges,  which,  having  a  straight  axle,  are  capable  of  sustain- 
ing it. 

It  is  often  of  essential  importance  to  be  able  to  arrest  the  progress  of  a  car- 
nage upon  a  railway  with  great  promptitude ;  and  the  breaks  in  ordinary  uae 


-  ttiH  pmpoM,  ba*e  not  alvayi  been  found  niffiei«ntlT  potent  for  that  pnr>- 
•e.     At  •  remedy  for  this  iaconvenience,  Mr.  Robert  Slevenion,  under  the 


Vm  patent,  propoaet  to  employ  the  force  of  ateam  acting'  apon  pittoni 
■hngen  in  muU  cyliaden ;  w>  diat  wlien  it  ia  required  to  ttop  the  train,  it 
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only  neMwarj  to  turn  a  imall  cock,  which  allowi  the  ateam  to  1 
Deously  through  a  pipe  into  the  cylioder,  and  by  its  preuure  od  the  piston, 
give  motion  to  a  ayitem  of  levers,  which  cause  two  brakes  or  clogi  lo  be  forced 
against  the  peripheries  with  great  energy,  and  (o  arrest  the  motion  of  the 
vehielea  very  quickly.  These  clogs  or  brakes,  and  their  mode  of  action,  are  shown 
in  the  side  elevation  ou  the  preceding  page,  a  is  the  hollow  cylinder  into  which  ft 
plunger  is  fitted,  to  acl  by  a  lever  g,  and  an  upright  rod/,  upon  the  two  brakes 
d  d,  which  ore  suspended  by  pendulous  links  x  from  a  centre  pin  or  boll  e  fixed 
to  the  frame.  Tlic  brakes  are  caused  to  apply  to  the  circumference!  of  the 
tires  of  the  wheels  K  and  M,  by  means  of  links,  which  aie  interposed  between 
the  two  brakes,  and  which  links,  when  put  down  into  an  angle,  as  shown  in  the 
figure,  leave  the  brakes  free  of  the  wheels  K  and  M  ;  but  when,  by  opening 
the  cock  C,  the  sleam  from  the  boiler  is  admitted  through  the  pipe  b  b,  into  the 
hollow  cylinder  a,  it  raises  up  the  plunger  therein  ;  and  the  latter,  by  it*  lever 


y,  and  rod/  draws  Up  the  links  towards  a  ttraieht  line,  and  then  they  force  the 
two  brakes  apart  from  each  other,   against  the  wheels  K  and  M,  with  an 

increased  force  beyond  that  which  the  plunger  eierls ;  that  increase  of  forea 
being  in  consequence  of  the  leverage  at  y,  and  the  oblique  direction  of  the 
links.  When  the  handle  of  the  cock  c  is  turned  the  other  way,  it  allows  tbe 
steam  to  issue  through  an  upright  spout,  and  escape  from  the  cyUndera  into  tha 

The  following  letters  have  reference  to  the  olher  parts  of  the  engine.  At 
k  is  the  fire-box ;  i  the  ash-grate ;  j  is  the  boiler,  cylindrical  in  shape,  through 
the  lower  part  of  the  transverse  sectional  area  of  which  are  passed  longitudi- 
nally  a  great  number  of  small  brass  tubes,  proceeding  from  the  furnace 
chamber,  and  serving  as  the  hot-air  flues,  and  conduct  the  same  into  the 
"smoke-box"  I,  a(  the  other  end,  whence  ihe  resulting  gases  from  the  combus- 
tion of  the  fuel  ascend  the  chimniy  u  ;  p  is  the  steam-head  ;  g  a  safely-valve ; 
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'anottMr  valve,  (he  extremity  of  the  lever  of  which  i)  held  down  by  the  elaitic 
Ibrce  of  a  ipiing  ateel-yani  at  t;  /  is  a  man  hole ;  «  the  working  eeer;  vvv 
lie  ipringt;  uu  the  iroD  brackets  that  connect  the  machinery  to  tbe  wooden 
hme ;  « the  fire-door ;  y,  the  throttie-cock,  provided  with  a  lever  and  graduated 
leale.  In^the  end  elevation  it  will  he  ohierred  that  the  axe*  of  the  runniDg 
vfaeeU  M,  like  Ihou  at  0,  ere  etraight ;  the 
bnn  of  the  axlei  to  the  wheels  K,  are  repre- 
lented  in  the  annexed  cut,  and  they  are  forged 
nth  great  can  ttosa  the  roughest  quality  of 
ron,  and  are  turned  and  centered  as  well  ai 
Jie  running  wheels  in  the  lathe. 

Locomotive  engines,  constructed  according 
Jw  description  of  the  foregoing,  Mr.  Stephens 
lays,  have  the  efiect  of  preventing  the  boilers 
being  burnt  out  to  soon  ai  usual,  by  allowing 
ihem  to  be  made  of  greater  magnitude  and 
ttrength ;  the  addilionu  wheels  supporting  the 
ratra  weight  The  bearing  springs  are  used  for 
ihe  extra  small  wheels,  the  same  ai  is  now  done 


-H 


r  other  wheeli  in  ordinary  engine* ;  the  six  ipringt  nwd  cauaing  all  the  six 
bed*  to  apply  and  bear  fairly  on  the  railt,  and  ease  all  jolts  and  conctudona ; 
j«  relative  weights,  or  portions  of  the  whole  weight  of  the  engine,  which  it 
)  be  home  by  each  of  the  six  wheels,  being  reflated  by  the  strength  and 
--•-  T  of  their  respective  bearbg  springs.     The   main   wheels,   wbicb   r— 


npolM  1 


_   I  Im  the  power  of  the  engine,  are,  in  all  cases,   letl  loaded  with  aj 

lach  of  the  weight  of  the  engine  as 


s  sufRciciit  adhesion  of  those 
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wheels  to  the  rails,  to  avoid  slipping  thereon.  The  larger  the  entire  capacity  of 
a  boiler  is,  the  more  metallic  heating  surface  it  will  contain ;  and,  consequendy, 
render  unnecessary  that  extreme  heat  which  is  so  prejudicial  to  the  metal  And 
that  diminution  of  the  intensity  of  the  ^combustion,  the  patentee  considers  to  be 
advantageous  in  another  point  of  view ;  because  the  jet  of  waste  steam  (whicli 
is  thrown  into  the  chimney  to  produce  a  rapidi  drausnt  therein,  for  excidng  the 
combustion  of  the  fuel)  may  be  sreatly  duninishea  in  its  velocity,  which  will 
permit  the  waste  steam  to  escape  from  ihe  working  cvlinders  with  greater  free- 
dom tliaii  could  be  permitted  with  smaller  boilers,  wherein  a  greater  heat  sod 
a  more  rapid  generation  of  steam,  are  indispensable  to  furnish  the  requisite 
power. 

The  following  cut  exhibits  another  form  of  Mr.  Stephenson's  locomoCire 
engine,  such  as  is  now  in  use,  but  with  the  foregoing  improvement  added 
thereto.  The  foremost  wheels,  at  the  chimney  end  of  the  bouer,  are,  in  thia, 
however,  impelled  by  means  of  outside  cranks  and  connecting  rods,  as  well  as 
the  two  middle  wheels  K,  which  are  on  the  cranked  axle ;  in  other  respect^  tbe 
improvement  is  the  same  as  in  the  other  engine.  The  brakes,  or  clogs,  tre^ 
of  course,  applicable  to  thb  or  any  other  engine,  but  they  are  left  out  in  this 
instance,  as  oeing  unnecessary  to  our  UlustratioB. 

We  have,  in  tbe  previous  parts  of  this  article,  alluded  to  the  imperfectioDs, 
which  from  time  to  time  manifested  themselves  in  the  modes  adopted  for 
fastening  the  rails  of  edge  railways  to  the  chairs  and  sleepers.     Owing  to  the 
effects  of  expansion  and  contraction,  and  the  violent  shocks  and  strains  to  which 
they  are  subjected,  the  task  of  perfecting  these  parts  of  the  mechanism  of  nil- 
ways  has  hitnerto  been  found  one  of  difficult  accomplishment  even  to  the  moit 
experienced  and  skilful.     With  the  view  of  remedying  these  defects,  Mr.  Robt 
Stephenson,  jun.  obtauied  letters  patent  in  December  1833,  in  which  he  says 
that  the  object  of  his  improvement  is  to  provide  firm  and  secure  bearings  at 
the  bottoms  of  the  notches  in  the  chairs  for  the  rails  to  rest  upon,  those  bearingi 
being  capable  of  self-adjustment,  in  order  that  they  may  adapt  theroselvei 
correctly  to  the  under  parts  of  the  rails;  and  the  making  of  adequate  provisioos 
for  fastening  the  iron  rails  securely  downwards  upon  such  self-adjusting  bearings, 
as  well  as  for  confining  the  rails  laterally  within  the  notches  in  the  chain,  hut 
in  such  manner  that  the  self-adjusting  bearings  will  not  be  subject  to  be 
deranged,  nor  the  fastenings  to  be  loosened,  by  the  efiect  of  any  such  iVglU 
tilting  or  inclination  of  the  chairs  in  the  direction  of  the  length  of  the  raiU.  as 
may  lesult  from  partial  or  unequal  subsidence  of  the  ground  beneath  the  stooe 
blocks  or  wood  sleepers  upon  wbich  the  chairs  are  fastened,  nor  by  the  effects 
of  any  such  slight  elongations  and  contractions  in  the  length  of  the  rails  as  they 
are  usually  liable  to  from  ordinary  changes  of  temperature.     Mr.  Stephenson's 
mode  of  effecting  this,  is  by  the  application  of  a  self-adjusting  segmental  besriog 
piece  into  a  suitably-formed  concavity,  made  below  the  level  of  Uie  bottom  i 
the  notch  of  each  chair ;  the  flat  or  chord  side  of  the  segmental  piece  being 
uppermost,  and  forming  the  bearing-surface  at  the  bottom  of  the  notch  in  the 
chair.     Upon  that  flat  bearing-surface  the  under  side  of  the  iron  rail  is  to  rest, 
so  that  tlie  bearing-surface  wul  always  accommodate  itself  to  the  under  side  of 
the  rail,  and  form  an  even  contact  therewith,  in  consequence  of  the  circular 
side  of  the  segmental  piece  adapting  itself  to  the  required  position,  by  toning 
In  its  concave  cell.     Phe  specification  of  this  patent  describes  the  action  « 
these  parts,  and  all  the  subordinate  pieces  by  which  the  connexions  are  fomei 
with  great  minuteness.     It  will  however  be  sufficient,  for  the  generality  of  otf 
readers,  to  describe  the  illustrative  drawings  that  accompany  3xe  spedficslioB. 
J'^'l  is  a  perspective  view,  and  lig,  2  a  lateral  elevation ;  i^,  3  is  atranireni 
section,  ana  F^f,  4  a  horizontal  plan  of  a  chair,  for  supporting  and  nnitiiig  thi 
extremities  of  the  lengths  of  iron  rails  for  edge-railways.      A  A  k  tbe  fit 
bottom  or  base  of  the  chair,  which  is  to  be  bedded  upon  the  stone  Uodt  ir 
wooden  sleeper,  and  firmly  fastened  thereto  by  spikes  driven  down  tfaroi^  ^ 
holes  a  a.    B  B  are  the  cheeks  of  the  notch  m  Uie  chahr,  that  notdi  beitf  tk 
parallel  space  which  is  left  between  the  cheeks,  for  the  reecptioa  of  tk 
rails  Ccud,  which  may  join  together  with  a  half  li^joint,  as  is  shovs  '» 
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;dre  at  Fig.  I,  and  in  the  plm  Ffg.  4,  the  OTerlnpping  pwH  e  </  being  of 
M  lise,  or  nearly  »r  the  same  siie.  m  the  other  parti  of  the  raila,  and 


Mrti  are  included  within  the  notch  of  the  chair.  The  bottom  of  thi* 
H  deeper  than  is  necesiary  for  receiving  the  tealt,  and  is  depreued  into 
«Tt^  of  a  suitable  farni,  for  receiving  the  segmental  bearing-piece  which 
ni  cm  the  neit  paj;e,  at  4  4  4,  in  plan,  elevation,  and  perapectiTe  :  the 
e^ea  of  the  raiti  rest  upon  the  uppe.-mosC  flat  Biirface  of  Ihi*  bearing- 
Ae  >nall  figures  S  and  6  are  cylindrical  pins,  nhich  are  fitted  into 
rieal  Bocketi,  through  each  of  the  cheeks  or  side*  B  Bj  and  8  and  9  ara 
ag  Or  wedge-like  keys,  which  are  inserted  through  suitable  mortice*  in  the 
■  and  aeroas  the  pins  5  and  6,  for  the  purpose  of  forcing  forward  those 
w  that  their  pnuted  extremities  may  press  abliquelj  upon  the  lower  parta 
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of  the  grooved  recesses  in  the  rails,  with  a  bearing-down  action,  to  confine  A* 
rails  downwards  upon  the  bearing-piece,  and  laterally  in  the  chair.  The  cylia- 
Jrical  pins  are  shown  detached,  in  order  to  explain  the  manner  in  which  tin 
pointed  extremity  applies  into  the  grooved  recess  in  the  rails,  so  as  to  exert  t 


bearing-down  action  thereon.  Ftg.  5  represents  perspective  views,  and  /i^.  6 
a  transverse  section  of  a  chair  for  supporting  the  iron  rails  at  intennediatf  dis- 
tances between  the  extremities  or  junctions  of  their  several  lengtlis;  it  huooly 
one  cylindrical  pin  5,  fitted  thiough  one  of  its  cheeks  B,  the  opposite  cbeekK 
being  a  flat  vertical  surface,  against  which  the  flat  side  of  the  rail  is  pressed  and 
held  firm,  by  the  keying  up  of  the  cylindrical  pin  5,  so  as  to  confiae  the  nO 
laterally  at  the  same  time,  that  the  oblique  action  of  the  point  of  the  cylindrical 
pin  5,  in  the  grooved  recess  of  the  rail,  may  produce  a  bearing-down  action,  whidi 
confines  the  rail  down  upon  the  segmental  bearing-piece.  The  chairs  are  made 
of  cast  iron ;  the  sockets  for  the  cylindrical  pins,  the  mortices  for  the  wedg^ 
like  keys,  and  the  cells  for  the  segmental  bearing-pieces,  being  formed  in  the 
casting,  as  well  as  the  holes  for  the  holding-down  spikes;  the  wedge-like 
cross  keys,  the  cylindrical  pins,  and  the  segmental  bearing-pieces,  are  made  of 
wrought  iron. 

At  page  496  we  alluded  to  an  improvement  made  by  Mr.  Hancock,  in  the 


\r\n./\r\r\r\r\.r\.r\  a  a 
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furnaces  of  boilers,  which  was  patented  by  him  on  the  15th  Janaaiy.  1^' 
the  object  of  which  is  to  remedy  the  inconvenience  experienced  by  the  ^f^ 
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Am  Uti  kdheuou  oT  clinken  upon  the  fire-ban,  by  wbich  iha  combuUion  of 
tbe  tae]  it  checked,  sod,  coiitequently,  the  productiDti  of  the  ileam,  ta  well  aa 
the  velocity  of  the  carriaee,  coiiaWerably  li-wened.  fly  the  preaenl  contrivance, 
Mr.  Hancock  draws  out  9ie  foul  floor  of  bars,  and  replaeei  them  by  a  clean  set, 
which  operation,  he  stales,  is  performed  ia  much  less  lime  thwi  ia  required  to 
imperfectly  clear  hy  the  rake.  In  the  figure  on  the  preceding  page,  F  repre- 
lents  the  space  occupied  for  the  fire-place,  in  a  vertical  plane,  and  A  is  the 
ash-pit.  a  ii  a  floor  of  bar«,  in  one  casting,  and  in  their  poiition  for  nae ; 
the  outer  ban  on  each  side  are  ca>t  with  teeth  underneath,  forming  racks;  and  ■ 
a  filed  rail  under  each  rack    u  e  of  whcl    '■  fte  n  al  6  •   lliese  «up- 


port  the  racks,  and,  conaequeDtly,  tli 
by  lurning  the  spindle  of  the  pinnion  e 
ti  which  iherc  ate  two,  one  at  each 
end  of  Ihe  spindle,  so  aa  to  operate 
upon  both  sides  of  the  grating  at  once 
When  a  floor  of  bars  has  become  foul, 
a  clean  floor  is  attached  to  it,  aa  partly 
shown  by  the  hooked  joint  at  g,  by 
which,  as  Ihe  foul  floor  is  drawn  out, 
the  clean  one  is  drawn  in. 

A  patent  for  improvements  in 
boilers  for  locomotive  engines  waa 
obtained  hy  Mr.  James  Frazer,  on  the 
7th  May,  1833,  upon  the  basis  of 
which  it  is  wid  he  constructed  a  steam 
cwriage,  biit  of  the  completion  or  per- 
formance of  which  we  are  at  present 
uninformed.  Annexed  is  a  transvene 
•ection  of  the  boiler ;  the  fire-place  is 
at  a,  and  the  smoke.  Sec.  is  conTe3-ed 
through  an  eccentrically-curved  tube 
b  b,  imparting  Ic*  heat  to  the  sur- 
rounding water,  in  its  progress  to  the 
chimney.  There  arecross  pipes,  which 
pa»  quite   through   the  flue-tube  at 


T I  ole  floor  of  bars  »l  c!  ar   removed 


r  passage  of  the  steam  may  not  be  impeded.  1'he  patentee  has  included  in 
his  patent  some  other  modiiicationB  of  his  plans,  wherein  a  great  number  of 
small  flue-tubes  are  used  to  distribute  the  heat  throughout  the  water,  and  to 
serve  as  supports  to  the  fire-place  and  flues. 

A  very  ingenious  proposition  for  making  use  of  the  power  of  a  horse,  moving 
at  his  slow  working  pace,  to  communicate  a  high  velocity  to  carriage*  upon  a 
nilway,  throUEh  the  medium  of  a  new  arrangement  of  pulleys  and  ropes,  waa 
invented  by  Mr.  Joseph  Saxton,  of  London,  for  which  he  obtained  a  patent,  on 
the  20th  June,  IB33.  The  invention  consists  in  the  application  of  pulleys  of 
diflerent  diamcteni,  termed  "  diflerential  pulleys ;  "  the  principle  of  the  action 
of  which  will  be  comprehended  hy  the  following  illustration  : — 

Fig.  1  (in  the  following  page)  represents  a  conibination  of  two  pulleyi,  their 
dUmeleri  being  as  6  to  7;  a  being  the  larger  pulley,  and  b  Ihe  smaller  one; 
< ^  is  an  endless  rope,  passing  over  the  sheaves  e  e;  the  part  e  of  the  endlew 
"fe  first  takes  a  turn  round  the  larger  pulley  a,  and  the  part  d  also  takes  a 
tin)  round  the  smaller  pulley  b.  If  then  the  rape  d  be  moved  in  the  direction 
<^  the  upper  arrow,  it  will  draw  the  lower  part  of  the  pulley  b  in  the  same 
'erection ;  meanwhile,  tlie  part  c  of  llie  endless  rope  will  be  moving  in  the 
"'section  of  the  lower  arrow,  and  will  move  the  lower  part  of  t)ie  pulley  a  in 
^  same  direction  with  this  part  of  Ihe  rope;  consequently,  the  two  pulley* 
■  ^  (which  an  fixed  together)  would  tu  ''  i  .   <■  r       - 

S"  the  centra  of  the  two  pulleys.     Let 
"^  the  endlcM  rope  be  moved  from  A  to 


t  then  he  supposed,  that  the  part  d 
it  will  be  evident  that  the  centre 


^  of  the  difierenliml  puUe)>>  a  6  vvuid  be  moved  I*  die  point  j,  and,  caaw- 
quently,   if  Bnjr  object  were  connected  to  the  centre  g  of  thoN  diflereuU 


pulleys,  it  would  be  unfiled  from  g  U>  J,  by  the  endleo  rope  eiitBf 
moved  the  much  gmMllet  distance  of  A  to  i,  indicated  by  the  dotted  lion; 
and  theie  diitanceg  will  be  ai  13  to  I. 

t^.  2  representi  the  contrivance  applied  to  an  ordinaij  eamage,  hivioi  fm 
wbeeli,  as  uiual,  two  of  which,  it,  me  shown,  a  and  6  are  the  difitrMlul 
pulleys,  placed  on  an  eii*  y  (see  Fig.  3) ;  n  ia  a  frame  which  carrin  iti 
diflerentjal  pulleys,  and  turns  in  bearings  n  n,  affixed  to  the  carriage.  Tbt  j'>- 


jocting 


1  forked  at  the  outer  end,  at  shown  i 


and  the  forked  ends  serve  as  bearinp  to  the  axle  a  of 
differential  pulleys,  the  pullev  a  being  peTmanenUj  ft 
to  the  axle  a,  whilst  the  pulley  b  >»  capable  of  turn 


Figt.  3  and  3,  il  • 

r>g.i. 


f  turning 
loosely  on  tliu  axis,  when  it  is  not  retained  by  the  ]ua  q, 
which  locks  the  two  pulleys  a  and  b  together  at  the  timea 
required.  By  disconnecting  these  pulleys,  the  power  will 
no  longer  lend  to  drive  the  carriage.  R  (.Ffg.  2)  is  a  lever, 
tumine  on  a  ftllcrum  S :  the  upper  end  of  this  lever  ii 
formed  into  a  handle,  and  placed  under  (he  control  of  aperson 
silting  in  froat  of  the  carriage ;  the  other  end  of  this  lever 
receives  the  flanch  of  a  sliding  socket  I  within  it,  as  shown 
in  Fig.  2 ;  u  is  a  bent  lever,  having  its  ftilcnim  at  c,  on  the 
forked  frame  o,  as  shown  in  /&.  3.  One  end  of  this 
cranked  lever  u  has  a  crotch,  which  receives  the  flnnch  I  of 
the  sliding  socket;  and  the  other  end  of  the  lever  a  has 
alto  k  crotch  to  slide  the  socket  w,  on  the  axis  g,  backwards  and  forvx*' 


X  is  an  Brm,  fixed  to  the  iliding-iocket  ir,  uid  carrying  ihe  pin  q,  by  iffaich  the 
trhecia  b  are  foitened  together :  a  spiral  spring  is  placed  on  the  pin  q,  to  force 
it  in,  when  a  pari  of  the  pulley  which  u  cut  away,  comes  opposite  to  the  bolt ; 
there  ii  also  a  ipring  to  prevent  a  sudden  concussion.  In  Fig.  2,  c  J  is  an 
endless  rope,  the  pert  e  taaine  a  turn  round  the  pulley  a,  and  the  {lart  (I  taking 
a  turn  round  the  pulley  &,  atoeacribed  in  Fig.  1.  Thiaendleuropeisaupported, 
at  proper  intervals  of  the  road,  on  sheaves,  and  passes  round  a  rigger  at  eacli 
end,  to  which  is  attached  an  apparatus  for  preserving  it  sufficiently  tight.  Now 
•appose  the  pin  9  to  be  pa*aed  through  the  two  pulleys  a  6,  to  retain  them 
together,  and  the  endless  rope  d  be  moved  in  the  direction  of  the  arrov,  ■ 
similAr  action  will  take  place  Co  that  described  in  Fig.  1  ;  tlmt  ia,  the  carriage 
(being  attached  t«  the  centre  a  of  the  differential  pulleys  a  and  h)  will  be  pro- 
pelled forwu^  on  a  railway  with  a  much  greater  velocity  than  the  rope  travels; 
and  the  distance  ao  travelled  by  the  carriage,  in  compariaon  through  which  the 
rope  movea,  will  depend  on  the  differences  of  the  diainetera  of  the  pulleys  ab  f 
and  the  nearer  the  respective  diameters  of  the  pulleys  approach  each  other, 
the  greater  will  be  the  relative  velocity  the  carriage  will  travel,  to  the  velocity 
with  which  the  rope  moves.  In  order  to  prevent  the  two  parta  of  the  rope 
nibbing  against  each  other,  in  leading  on,  and  of  the  differential  pulleyi,  the 
uia  g  ai  theae  pulleya  is  placed  at  an  angle  a  little  varying  from  a  right  angle, 
tith  the  direction  of  the  modon  of  the  carriage. 


.  ^ig$.  4  and  5  show  two  dillerent  applications  of  the  invention  from  that  ahnwn 
""  Fig.  2 ;  for  in  these  instances  there  is  only  one  pulley,  whilst  the  two  frunt 
"^  two  back  wheels  of  the  carriaKC  act  (he  part  of  the  other  pulley.     In  Fig.  4, 
'  ia  one  of  the  front  wheels  rf  the  carnage,  which  alao  acta  as  the  larger 
^Dey ;  h  is  the  smaller  pulley,  and  is  the  only  one  around  which  the  ro|ie  c  d 
PUaei ;  the  wheels  a,  ana  the  pulley  b,  being  on  the  aame  axis  g,  which  runs 
y^  aide  to  side  of  the  carriage,  and  tuma  in  beariuga  affixed  to  the  carriage. 
^  tills  arrangement  the  point  /,  at  which  the  wheels  touch  the  rail,  beeoiiiet 
*<  Mcrxim  on  which  the  w  eel  a  turns ;  and  it  will  tbua  be  evident  that  If  the 
*^  edhe  drawn  forward  in  the  direction  of  the  arrow,  a  aimilar  effect  will  be 
j^Jllced  as  described  in  Fig.  2,  and  as  shown  in  dotted  lines  in  Fig.  4.  Never-' 
'      "  ......  g  relative  diameters  at 

t  the  velocity  or 
I,  being  renioved 


'^e«^  if  the  wheel*  and  pulleya  a  and  A  be  of  the  same  relative 
""■■«  in  I^.  2,  the  carriage  at  Fig.  4  would  only  be  propelled  at  t) 
^n  to  one,  owing  to  ihc  fulcrum,  at  which  the  wheels  a  turn,  he 
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b-oni  the  mean  point  /,  Fig.  2,  between  llie  two  diamctera,  and  placed  at  iht 
exirime  end  of  a  radiating  line,  drann  froni  the  cpntre  of  the  wbeel  a  to  tht 
point  at  which  it  tuuchea  the  railway.  In  Fig,  5  the  rope  is  paaied  around  tbt 
pi^ley  n,  which  ia  the  larger,  wliilat  the  carriage-wheela  act  the  part  of  llic 
Kinaller  (nilley  b,  the  pulley  a  and  ihe  wlieeli  b  being  on  the  Hune  axis  o.  \t 
order  that  the  ptillrys  in  tliia  arrengtment  may  btand  at  an  angle  t6r  deanag 
the  ropB,  the  axle  g  is  formed  of  three  parts,  connected  by  imiTcrul  joipti ; 
and  one  of  tlie  wheels  b  ihui  travels  a  little  forwarder  than  the  other,  and  tlm 
tlie  ro])e  will  clear  itself.  And,  it  should  be  obierved.  that  in  both  tfaeae  arraiut- 
ments,  the  pulley  around  which  the  rope  passes  is  to  be  made  capable  of  bcBg 
disconnected  from  revolving  with  ihe  axle  as  described  in  Figt.  2  and  3.  h 
the  arrangement.  Fig.  5,  'the  lulcrum  /,  on  which  the  wheels  turn,  is  the  poinl 
at  which  the  wheel  b  touches  the  rail  or  road  ;  and  the  difference  in  the  arnpp- 
ments,  Figc.  4  and  5,  is,  that  the  power  in  F^y.  4  is  applied  hj  the  rope  belTm 
the  fulcrum/,  and  the  centre  g,  of  the  wheels  ur  pulley  a  b,  nhere  tbe  wn|)il 
to  be  drawn  is  attaclied  ;  whilst,  in  Fig.  H,  the  fulcrum  is  between  the  centre  rf 
the  pulley  and  wheels  a  ;  consequenlly,  the  arrangemenls  differ  in  the  ordertf 
leverage,  and,  in  this  instance,  will  be  as  pix  to  one.  In  these  two  last  anuft- 
uienta,  the  rope  cd  may  be  cilher  an  ecdleis  rope,  as  described  in  Figi.  1  uJ 
2,  or  the  rope  may  be  single,  and,  taking  a  turn  around  the  pulley  a  or  i,  ii  U 
he  wound  on  a  dnun  at  each  end  of  the  distance,  iHiich  jb  Io  be  ran  by  cw 
Iciiplh  of  a  lope 

Thb  invention  has  been  recently  tried  on  a  piece  of  railway  neir  ibe 
Regent's  Park,  and,  we  are  informed,  did  not  fuUil  the  anticipacioDs  of  Iht 
ingenious  patentee.  The  proposition,  however,  posBesses  merit,  and  nujlc 
rerj'  beneficially  carried  into  effect  for  short  distances. 

In  our  notice  of  Sir  Charles  Dance's  carriage  at  page  541,  we  alluded  in  i 
boiler  that   was  introduced   into  it  iu   lS;t3.      It  ia  thus  described  bj  Mr, 


"  In  IS33  a  patent  was  obtained  by  Sir  Chartei  Dance  and  Mr.  PieU,f'<* 
Biriingement  of  tub'?s,  which  was  considered  superior  to  Gumej'a.  lit  W 
]>ipes  of  O  limey's  boiler  will  be  discovered  upon  reference  to  the  figure,  saJ  ■' 
« liule  will  be  found  to  consist  of  two  of  Gurney's  boilers,  but  Without  ill'  "f*" 
r^ii'irs  backed  into  each  other.  The  coil-pipe  J  ia  here  used,  conreyio' 
■  ulil,  or  rallier  the  cooler,  water  from  the  tanK  to  E,  from  whence  it  liKS .  . 
beciiining  heated  in  its  passage  upwards.  Water  pumped  into  D  aliuM''*' 
to  It  in  the  same  manner;  and  at  B  and  C  the  steam  fiom  the  Iwodc 
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ser 


;  C  and  D  B,  rises  up  to  F  and  G,  and  ii  drawn  off  to  the  erigtnei, 
)  cooler  psTticlei  <le«cend  in  (he  vertical  pipe*  b«low  C  and  B,  to  pa»* 
»  the  die  nith  other  water,  going  in  the  upward  direction, 
alar  boiler  for  locomotive  purpoBea,  of  coniidersble  efficiency  in  tlie 
fi^of  Bteam,  wai  patented  jointly  by  Mr.  John  Squire  and  Colonel 
it'on  the  IRth  July,  1833.  It  coniiati  of  nine  rows  of  upright  cylin- 
bet,  each  tow  containing  nine  tubes,  ao  tliat  there  are  eighty-one  in 
Ike  middle  of  tbeie  the  fire-place  ia  situated  i  and  lo  obtain  tbe  requi- 
!  for  it  and  tbe  fuel  under  combuatian,  a  portion  of  the  interior  ranges 

ore  proportionably  abattened,  as  well  aa  three  of  the  front  tubes,  to 
re-door.  All  the  vertical  tubes  are  connected  by  means  of  imall  hori- 
bcs  at  the  top  and  at  the  bottom  ;  the  upper  )>eing  a  itenm  conununi- 
id  the  lower  a  water  communication ;  but  oa  thDy  are  all  open  lo  each 
1  the  application  of  the  heat  cannot  be  preciiely  uniform  in  every  part, 
lion  of  (he  fluid  neceiaarily  eniuea.  To  avoid  clinkers,  and  prevent 
iction  of  the  fire-bars,  the  latter  are  formed  of  hollon  tubea,  filled  with 
id  communicating  with  the  vertical  tubes.     The  steam  is  conducted 

latter  tubea,  by  means  of  small  pipea  entering  tbe  otherwise  close  tops 
bto  a  central  recipient,  from  which  the  engine  is  supplied.  The  flame 
led  matters  being  di£Used  round  and  throughout  the  whole  series  of 

course  produce  a  rapid  generation  of  steam. 

J  thus  obtained  tbe  heart  and  vital  fluid  for  locomotion,  Messrs.  Squire 
«ninl  set  about  combining  the  sinews,  bones,  and  joints,  which  codi- 
lachine  ;  of  which  the  following  cut  will  affoti  ft  tolerably  cor- 


he  fuel,  the  supply  of  which  is  regulated  by  an  mgine  man,  who  hat  a 
the  back  for  attending  to  it.     The  pasaengwa  are  placed  in  the  open 

body,  and  their  aeats  are  formed  upoi]  the  topi  of  the  water  tank). 
«  two  working  cylinders  7}  inches  diameter,  ana  19|  inches  length  of 

The  tteaiD-ways  are  2^  and  2|  inches  diameter.  We  regret  that  our 
U  not  permit  us  to  extend  our  notice  of  tbe  operatioiia  of  the  Iue,ltl>(  ■ 


gifted  Colonel  Maceroni ;  but  our  readen  who  have  not  Men  hii  £«p«n(uK 
and  lUuilrationt  in  ileam  locomotiDn  (publiibed  by  Effingham  Wibon  isd 
George  HeWrt,  1835)  mty  derive  therelToin  much  usefiil  infonDatioo,  ai  >dl 
ai  amunement. 

In  the  course  of  this  article,  we  have  deicribed  a  variety  of  ianniao*  no- 
trivancei  for  enabling  locomolire  carriages  to  pau  over  obttade*  lying  in  ti« 
road,  without  injury  reaulCJng.  The  invention  we  have  neit  to  noticB  ii  i^  dot 
description,  and  is  the  subject  of  a  patent  granted  to  Mr.  Georee  MtSicluj^  of 


situated  in  their  uBua]  places  in  four-wheeled  camagea;  bnt  the  additional  tlind 
pair,  hereia  alluded  to,  are  quite  at  the  back,  and  much  nearer  together  tfaiBll» 
others.  The  fore  wheels  are  made  to  lock  much  in  (he  usual  manner,  andibon 
them  is  a  framework,  carrying  toothed  gear,  by  which  the  carriage  is  Meen^ 
when  acted  upon  by  the  guide,  through  the  medium  of  suitable  Te*Rs.  Ths 
axis  which  carriea  the  middle  pair  of  wheels,  passes  through  projecting  inst 
at  the  fore  extremity  of  the  principal  platform  or  floor  of  the  carriage,  wliict 

K'  [form  rests  upon  the  axlctree  of  thi^  hind  wheels,  about  two-fifths  of  its  lengA 
m  its  bind  extremity.  Sliould  an  obstacle  therefore  present  itself  againrtllK 
middle  pair  of  wheels,  (and  a  veiy  formidable  one  is  shown  on  the  dnwinn  if 
the  specification,)  it  does  not  become  necessary  to  lift  up  tlie  whole  weiMtrf 
the  carriage  and  load,  but  only  rather  more  than  the  weight  of  the  whedl,  > 
the  axletree  of  these  acts  like  a  hinge-joint,  and  the  platform  of  the  ratriHs 
yields  to  the  resistance,  by  collapsing,  or  turning  upon  its  joints.  For  llienb 
of  illustration,  a  train  of  gear,  of  difierent  speeds,  are  shown  as  worked  bybssd; 
but  the  patentee  observes,  that  steam  power  may  be  obviously  « 
it,  in  lieu  of  manual  labour. 

An  arrangement  ol 
novelty,  was  patented  by  llilr.  Benjamin  Hick,  of  Bolton,  in  Lanushire, « 
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of  October,  1834.     The  preceding  figure  affords  a  side  elevation  of  the 
ibine,  with  such  portion  as  could  not  be  readily  explained  otherwise  in  sec- 
;  a  is  the  ash-pit,  b  the  fire-place,  opening  above  into  a  dome  c,  of  the 
er  d  df  and  surrounded  by  water ;  the  external  figure  of  the  boiler  is  that  of 
ftical  cylinder ;  and  as  the  dome  c  occupies  the  centre,  the  water  chamber 
r  the  most  part  of  an  annular  form ;  this  annulus  has  passing  through  it, 
ieally,  numerous  tubes  open  at  each  end,  for  the  smoke  and  heated  gases  to 
;  from  the  furuace  throughout  the  body  of  water,  into  the  flue  e  above,  and 
ice  into  the  chimney  g.    The  draft  through  the  furnace  is  increased,  by  in- 
ucing  the  induction  steam  pipe  k,  from  the  engine  into  the  throat  of  the 
mey,  where  a  jet  of  steam  is  thrown  upwards,  in  the  way  now  commonly 
tised.    /  is  the  steam  chamber,  enveloped  in  the  heated  gases  that  ascend 
I  the  furnace,  which  are  made  to  impinge  upon  it  with  greater  force,  by  the 
iduction  of  a  plate  of  iron  shaped  like  an  inverted  funnel ;  t  is  the  steam 
,  which  conveys  the  steam  from  the  chamber  /,  into  the  valve  boxes  k. 
Led  by  a  series  of  levers  at  I,  that  are  put  in  motion  by  bevel  gear,  and  a 
k  motion  partly  introduced.     It  is  now  to  be  clearly  unaerstood,  that  there 
three  steam  cylinders  m,  but  as  they  are  all  in  a  row,  only  one  can  be  seen 
or  view ;  each  of  these  cylinders  is  provided  with  suitable  valves,  and  work- 
gear,  to  admit  the  steam  on  the  top  only  of  each  of  the  pistons,  at  the  time 
le  descent  of  each,  and  to  allow  of  its  escape  on  their  ascent.     The  bottom 
ich  of  the  cylinders  is  open,  and  the  piston  rods  »i,  are  jointed  to  the  bottoms 
tie  pistons,  the  latter  being  steadied  in  their  motions  by  small  lateral  rods 
ing  through  guide  holes.    The  three  piston  rods  act  directly  upon  a  three- 
w-crank,  the  equi-distant  positions  of  which  in  the  circle  cause  the  pistons 
mtinue  their  reciprocating  action,  and  the  crank  its  rotative  motion,  with 
ormity.     Fast  and  slow  motions,  and  clutch  boxes  fur  varying  the  speed, 
provided  in  the  usual  way.     In  our  diagram  is  shown  a  pinion  o,  on  the 
k  axis,  driving  a  wheel  on  the  axis  of  the  running  wheels, 
he  patentee  especially  claims  under  his  patent,  the  combination  of  two  or 
e  cylinders,  each  having  its  lower  end  open,  so  that  the  steam  shall  press 
'  upon  the  upper  surfaces  of  the  pistons,  and  communicate  its  power  to  the 
ik  shaft,  or  running  wheels,  in  a  downward  direction  only  :  which  he  con- 
rs  will  cause  a  greater  adhesion  between  the  wheels  and  the  rail,  and  less 
ation  to  the  carriage,  than  when  the  power  is  applied  to  the  wheels  in  an 
ard  and  downward,  or  a  forward  and  backward  oirection,  alternately. 
he  wheels  applied  to  this  locomotive  also  possess  some  novelty,  and  are 
Bed  under  the  patent  right.    ,They  may  be  briefly  described  to  consist  of  a 
-iron  nave,  duly  formed  and  turned,  to  receive  the  edges  of  discs  of  plate- 
t  in  lieu  of  spoxes ;  the  felloes  or  external  rings  being  fixed  to  the  discs  by 
expanding  tneir  circumference  by  heat,  and  allowing  them  afterwards  to 
ract,  so  as  to  receive  the  edges  of  the  discs  in  grooves  turned  to  receive 
1.    The  several  parts  are  aflerwards  secured  by  bolts,  screws,  rivets,  and 
^  in  a  manner  too  well  understood  to  need  description. 
3me  immovements  of   considerable  originality  have  been   proposed    by 
Robert ^¥hite8ides,  a  wine  merchant,  of  Air,  in  Scotland,  for  which  he 
ined  a  patent,  dated  the  20th  of  November,  1834.     The  object  of  his  first 
roveroent  la,  to  obtain  a  fkm  connexion  between  the  moving  and  the  moved 
s,  or  between  the  steam  engine,  and  the  axle  of  the  wheels  which  move  the 
iage.    In  order  to  perform  this  effectually,  the  springs  usually  placed  over 
e  wheels  are  placed  in  them ;  and  to  prevent  the  twisting  force  of  the 
hinery  from  temring  them  out,  two  quadnuigular  framings  are  attadied  to  the 
ela^  which  will  be  explained  with  reference  to  the  cut  on  the  following  page. 
h^Cfd,!*  the  outer  circumference  of  the  wheel,  formed  of  iron :  the  spokes 
nvetted,  or  otherwise  fastened,  to  the  tire  at  one  end,  and  at  the  other, 
it  rivetted  to  a  flat  ring,  or  screwed  to  one  which  is  thickened  in  narts  to 
t?e  the  screw.    The  central  space  of  this  ring  varies  according  to  the  play 
ided  to  be  allowed  to  the  springs ;  in  the  present  instance,  it  is  eight  inches 
eter.     The  points,  a,  6,  r,  d,  are  equi-distant  from  each  other.     Between 
1  c,  and  b  and  </,  are  placea  two  rods,  which  must  be  firmly  attached 
L.  II.  4  c 
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tu  the  rim  of  the  wheel  at  both  endi,  and  parallel  to  eadi  other.  Od  Uww 
rods  trarersei  a  quadrangular   iron  framing,  e,  /,  g,  h,  bv  meuu   of  ringi 

which  embrace  the  rodi.  On  thia  framing,  e,  f,  g,  h,  slides  anotber  irui^ 
of  the  lame  nature,  in  a  direction  at  right  angles  to  that  of  tbe  firtt,  but 
initead  of  the  ringt,  as  in  the  first,  being  attached  to  rodi,  and  the  cnw- 
bari  i  and  j,  they  are  affixed  to  a  plate  of  iron,  in  the  centre  of  which  i*  i 
hole,  to  allow  of  an  axle-box  passing  through.  The  box  is  bolted  to  the  tkn- 
laid  plate  (by  means  of  a  flancli,  cast  along  with  it),  and  paMn  throufh  At 


hole  or  opening  in  the  centre  of  the  trheel,  so  that  one  end  of  tbe  springs 
be  fa«tened  to  it,  and  the  other  end  to  tbe  circumference  of  the  wned 
whole  wheel  may  then  be  covered  over  on  each  side,  with  a  tbin  iron  plitt, 
preserve  the  frames.  &c.,  from  the  wet  and  dust,  taking  care,  at  the  i  "~ 
to  allow  in  the  inside  ptale,  a  hole  of  sufficient  size  (say  eight  inches  ._~. — .■■ 
for  the  axle  to  play :  this  hole  may  be  covered  over  with  a  piece  of  wUtr^o* 
cloth,  connected  water-tight,  on  one  part  to  the  axle,  and  on  the  other  totltC 
inside  covering-plate.  The  patentee  observes,  that  springs  have  been  btfiKe 
placed  in,  or  adapted  to,  wheels ;  but  he  con^nps  his  claim  to  the  applicatioa  ^ 
the  two  quadrangular  frames,  as  above  described,  for  preventing  the  itzutit 
the  power  applied  to  propel  the  same  coming  on  to  the  springa.  Anolbirai- 
provement  included  under  this  patent,  relates  to  a  method  of  redocu^  ^ 
friction  of  rotary  enginea,  by  placing  the  lubricating  ftuid  in  one  cr  ■■* 
reservoirs,  under  a  pressure  a  little  superior  to  the  force  of  the  sttn 
which  presses  upon  the  piston,  for  the  purpose  of  forcing  it  inta  cvetv  atvkrt 
and  between  all  the  moving  parts  of  tlie  engine,  where  there  ii  ■  babilitirf 
leakage  of  steam,  so  aa  to  prevent  both  the  loss  of  steam  when  Ibeae  ptftiviVi 
and  the  reduction  of  friction  to  its  minimum.  The  arrangementt  for  tldifV- 
pose  we  have  not  apace  to  describe. 

For  preventing  or  lessening  the  concussions  to  railway  carriage*  upon  ^Hfpt 
or  starling,  a  contrivance,  called  the  "  huffing  apparatus,"  has  been  reMftco  I* 
on  the  Liverpool  and  Manchester,  and  other  railwayi.    This  appantus  ea 
of  a  series  ot^rods  and  levers,  acting  on  springs  similar  to  the  elUptical  ta 
springs ;  the  contrivance  is  complex  and  expensive,  and  it  is  found  to  ca 
nicate  to  the  carriages  of  a  train  a  swinging  lateral  motion,  which  caoMl 
friction,  and  renders  the  vehicles  liable  to  be  thrown  off  the  r«U*.     To  A 
these  disadvantages,   Mr.  T.  F.  Bergin,  of  DubUn,  took  out  a  patent  fcr  ■    | 
invention  on  the  4ih  March,  163S,  which  conmti  of  a  combinBUon  of  «M 
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lgi^  viih  rods  proceeding  from  end  to  end  of  the  carnage,  deeigned  not 
to  preveiit  ttie  concuuiana  at  (topping  or  ilai^g,  but  likewiie  any 
idicial  effecti  taking  place,  in  the  event  of  two  train*  coming  into  con- 
;  abo  to  receive  and  transmit  the  motion  of  one  carriage  to  another  free 
:  tbat  abniptnea  wUch  u  alike  unplectuDt  to  the  paatengen  and  detrimental 
le  vehiclM. 

IB  following  /^.  1  repreienti  a  lide  elevation  of  one  of  the  Dublin  and 
•*towa  railwar  caniagea,  with  Mr.  Bergin'i  invention  applied  to  the  lame. 
2  ii  a  plan  of  the  under  part  of  the  same,  the  body  being  removed,  a  a 
laenta  a  alight  frame,  made  of  two  aimilax  platei  ta  iron,  screwed  to  each 


%.2. 

r  aboat  three  inchei  apart,  and  reidng  upon  turned  bearings  in  the  centiea 
Im  axlea.  A  wrought-iron  tube  b  b,  about  three  inchei  in  diameter,  the 
re  length  of  the  carriage,  and  extending  about  two  feet  beyond  each  end, 
minted  on  this  frame  by  rollers,  which  allowi  the  tube  to  be  moved  thereon 
Uways  with  facility.  On  thii  tube  is  placed,  at  either  end,  within  the  frame 
be  carriage,  about  four  feet  of  helical  springs  c  c,  of  graduated  strength* ; 
•od  of  each  of  these  sets  of  springs  abuts  against  a  strong  collar  d,  fixed  to 
Um  b,  and  the  other  end  against  a  small  box  of  iron  attached  to  the  frame, 
fiunished  with  one  of  tlie  bearing  rollers  before-mentioned,  also  with  two 
iw-TolleTS  retting  against  the  inner  side  of  the  carriage-frame  end.  To  each 
natty  of  the  tube  £6  is  attached  a  buffer-bead/'/  by  means  of  a  rod  of  iron 
■g  through  the  lube,  and  connected  to  tho  buffer-heads  by  screwed  nuts 
m  below  their  surfaces.  At  the  back  of  each  buffer-head  is  a  cross-bar  g, 
Ueh,  by  chains  and  hooks,  the  carriages  are  attached  together.  This  appa- 
I  liei  looaely  on  the  axles,  and  is  perfectly  independent  of  the  frame-work 
w  carriage,  which  is  sustained  by  springs  in  the  usual  manner ;  and  there 
tag  vertical  slots  made  in  the  framing,  through  which  the  buffing-tube 
a,  which  permits  the  frame  to  rise  or  fall,  accoMing  to  the  pressure  of  the 
dienon,  without  affecting  the  height  of  the  buffing  apparatus  above  the 
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The  action  is  as  follows : — The  train  being  moved  in  the  direction  of  tlie  arrowy 
the  locomotive  power  is  applied  to  the  cross-bar^,  and  draws  forward  the  cenUil 
tnbe  6,  thereby  compressing  the  springs  e  c  between  the  collar  d  and  the  frictioQ 
roller-box  /,  which  rests  aeainst  the  end  of  the  carriage  frame,  without  morin^ 
the  latter  until  the  elastic  force  of  the  compressed  springs  beccmies  sufficient  t» 
overcome  the  resistance  presented  by  the  friction  of  the  carriage  and  losd. 
The  carriage  then  begins  to  move  forward  so  slowly,  as  almost  to  be  imper- 
ceptible to  persons  seated  within ;   the  second  and  each  succeeding  carria^  in 
the  train  is  by  similar  means  brought  from  a  state  of  rest  into  motion.    In 
case  of  one  carriage  running  against  another,  the  resistance  is  offered  by  tiie 
furthest  end ;    the  effect  being  to  drive  the  tube  b  forward,  compressing  the 
springs  at  the  opposite  end  from  which  the  concussion  is  given  and  the  carnage 
will  be  but  little  affected  by  the  blow,  until  the  elasticity  communicated  to  the 
springs,  by  compression,  overpowers  the  resistance  of  the  carriage,  which  then 
begins  to  move,  actuated  by  a  force  just  sufHcierit  to  start  it.    Tlie  coiled  springs, 
which,  as  before  stated,  are  four  feet  in  length,  have  a  range  of  action  of  about 
two  feet,  beginning  to  be  compressed  by  a  force  equal  to  about  twenty  pounds, 
and  presenting  a  total  resistance  to  entire  compression  of  upwards  of  two  ton». 
A  spring  of  this  strength,  the  patentee  states,  lias  been  found  suitable  for  car- 
riages weighing,  when  loaded,  about  four  tons.  It  will  be  observed,  that  the  entire 
resistance  to  the  action  of  the  springs  is  on  the  ends  of  the  carriage  frame ;  the 
middle  of  each  is  armed  with  a  strong  plate  of  iron,  about  fifteen  inches  squire, 
through  which  pass  the  tension  rods  h  A,  Fig,  2,  to  the  outer  angles  of  the  oppo-       ' 
site  ends  of  the  frame ;  consequently,  these  rods  receive  the  entire  force  of  the 
springs.     Tlie  springs  at  either  end  of  each  carriage  act  totally  independent  of 
those  at  the  other  end,  and  of  all  the  carriages  m  the  train,  except  that  to 
which  they  are  attached  ;  each  has  therefore  to  bear  only  its  own  share  of  the 
resistance  of  the  entire  ^  train,  the  sum  of  which  is  made  up  of  the  separate 
resistances  of  all  the  springs  acted  upon.     Mr.  Bergin  states  the  advantage* 
anticipated  from  his  invention  have  already  been  fully  realized,  by  the  perfect)^ 
steady  motion  of  the  trains  to  which  it  has  been  applied ;  and  he  contempUt«» 
its  employment  to  locomotive  carriages  on  the  common  road. 

Some  improvements  applicable  to  locomotive  carriages  for  railways  as  weL^ 
as  turnpike  roads,  were  patented  on  the  17th  March,  1835,  by  Mr.  Bnttrr^ 
Bacon,  of  Sidniouth  Street,  Regent  Square,  which  will  be  readily  comprehended 
by  reference  to  the  figure  on  the  opposite  page,  in  connexion  with  the  fol^ 
lowing  description. 

The  frame  of  the  machine,  as  shown  at  a  a,  is  of  the  usual  form ;  but  it 
extends  to  the  rear  sufliciently  for  a  convenient  fuel  room  and  engineer's  stsad. 
The  wheels  are  of  common  structure,  being  made  of  cast  or  wrought-iron,  with 
arms,  flanged  rims,  and  fixed  naves  ;  they  are  attached  to  their  sxks 
respectively,  and  these,  made  of  iron,  project  through  the  naves  and  ran  i» 
boxes,  as  seen  atb;  these  boxes  being  capable  of  exact  adjustment,  so  as  to  lerd 
the  engine.  The  driving  wheel  is  attached  to  the  frame,  and  works  in  boxa;  bat 
its  rolling  friction  on  the  railway  is  regulated  by  a  spiral  spring  and  leret,  vA 
tlie  pressure  of  the  roller  d^  as  hereinafter  described.  This  driving  whed*  si 
introduced  by  a  line  at  c,  is  moved  by  the  rolling  friction  produced  byappljBf 
the  roller  d  to  its  periphery,  as  seen  at  ^,  the  larger  periphery  of  the  roDenf 
being  in  contact  with  one  of  the  smaller  concentric  rollers,  as  seen  at/;  Aii 
set  of  rollers  being  put  in  motion  by  the  pmion  at^,  which  takes  into  the  tcfA 
cut  in  the  periphery  of  the  wheel  A,  attached  firmly  to  the  set  of  raUen^  mA 
revolving  with  them  u]>on  the  same  axis,  so  that  when  the  pinioo  at  g  MV 
under  its  axis  towards  the  smoke-pipe,  the  wheel  h  and  the  set  of  roUen  tan 
over  their  axis  in  the  same  direction,  whereby  the  roller  d  turns  under  iti  «v 
in  the  same  direction,  and  the  driving  wheels  over  their  axis  finrward,  lb» 
driving  wheels  being  firmly  fixed  to  the  same  axis. 

It  will  be  perceived  that  the  roller  d  is  sustained  in  its  position  bearing  i7»* 
the  top  of  the  driving  wheel  by  a  perpendicular  standard,  wbkh  de««A  •• 
the  boxes  of  the  driving  wheels,  and  is  so  connected  with  the  asle  of  d"^    i 
driving  wheels  by  means  of  bearing  on  its  axle,  or  by  means  of  two  ps^  •^   M 
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<n  attached  to  the  lV«Rie,  «nd  bearing  on  it*  asle  by  ptatei  connecting  eaeh 
rf  acrewa  together,  the  tcrew*  taking  into  boxes  Szed  upon  the  fram«  in 
eonrenient  mode ;  and  ^ese  plate*  being  prrned  doiro  b;  the  acrewi  upon 
roller  aiii,  u  that  ihe  friction  nirface  of  the  roller  d  ihaH  alnayi  be  kept 
Aj  in  contact  with  the  friction  periphery  lurrace,  or  the  periphery  of  the 
{«  of  the  driring  wheels,  and  thereby  force  this  to  turn  on  the  railroad,  it 
g  eera  that  the  driven  roller  it  on  the  same  axil  with  the  roller  d;  ii  forced  to 
.  by  the  driving  concentric  roller  berore  mentioned,  of  which  there  are  three  in 
nmeaxii,  aa  the  toothed  wheel  A,  that  Ukei  into  the  pinion  y. 
Ini  p)ni(»i  a  suppoeed  in  the  ipecificatlon  to  be  turned  bv  the  revolution  of  a 
ly  engine,  contained  within  a  cMt-iron  cue  p  ;  but  it  does  not  appear  that 


■  Baconbu  BufhcienttvconBidered  this  part  of  his  epparBlui.aa  we  cannot  per- 
reinj  abutment  for  the  steam,  that  would  enable  it  to  give  any  motion  at  all. 
I  rteam,  after  passing  out  of  iho  engine,  is  to  pass  through  the  cylindrical  tank 
'0  beat  the  supply  water,  before  enteiine  the  chimney.  The  axis  of  the  set  of 
Mm  rollers  u  suspended  by  the  vertical  arm  above,  and  the  lower  end  of 
I  litter  is  connected  to  one  extremity  of  the  lever  r,  whose  other  end  is  con- 
Ebd  to  an  upright  lever  j,  nhoie  fulcrum  is  at  k,  so  that  when  the  engineer, 

■  b  ilationed  in  the  rear  of  it,  draws  it  towards  him,  the  let  of  rollerB  is 
Wed  Ibreibly  against  the  roller  on  the  same  axis,  as  the  roller  d,  which  axis 
•dd  in  its  position  by  the  horizontal  bar  I,  and  the  perpendicular  standard. 
W  ttandBTd  is]  lo  constructed,  that  by  means  of  any  mechanical  force,  the 
l«<i»  made  to  beat  with  increased  force  upon  the  driving  wheels.  This 
t>d(rd  may  permit  the  axis  of  the  roller  d,  and  the  axis  of  the  driving  wheels, 
,*{fnudmate  mathematically  and  mechanically,  as  may  be  needfal  to  give 
U  to  such  increased  force  or  closer  contscL  The  pressure  upon  the  driving 
■*dimay  be  thus  varied.  Let  the  after  bearing  wheels  be  raised  by  moving 
■uni  IS,  which  is  a  bent  lever,  towards  the  front  of  the  engine,  until  the  weight 
't  ii  chiefly  sustained  upon  the  forward  bearing  wheels,  and  the  drivmg 
•di  bein?  placed  sufficiently  in  rear  of  the  centre  of  gravity  to  sustain  the 
■ght  in  tul  ascending  planes,  when  it  is  essential  that  the  weight  sboidd  be 
"Wn  upon  the  driving  wheels.     Wlien  turning  a  bend  in  the  road,  the  bear- 

*beeb  are  made  to  turn  by  means  of  the  arm  or  lever  n,  and  the  bars  b, 
longer  one  of  these  bearing  upon  the  extremity  of  the  forward  axle  lIuHrfdet, 
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und  the  shorter  connecting  the  end  of  this  compound  lever  as  seen  at  p,  to  that 
when  the  lever,  or  arm  n^  is  drawn  towards  the  iront  by  the  engineer,  the  longer 
bar  is  moved  forward,  and  the  shorter  back,  and  thereby  the  wheels  are  turoied 
conformably  to  the  bend  of  the  road :  if  the  bend  is  to  the  left  hand  of  the  loco- 
motive course,  and,  by  a  contrary  movement  of  the  lever,  if  the  bend  is  to  the 
rieht,  they  are  turned  conformably  to  the  bend.  At  r  is  the  bellow»-wh«ei, 
which  is  turned  by  a  band  from  one  of  the  set  of  rollers ;  by  this  means  the  air 
is  forced  into  the  furnace  at  s. 

The  construction  of  the  smoke  pipe  is  so  contrived,  that  there  shall  be  within, 
at  the  bottom  thereof,  a  recess  where  there  is  no  current,  but  into  which  the 
cinders  are  thrown  by  force  of  the  current,  there,  ceasing  to  be  impeUed  bj  thii 
force,  they  settle  by  their  own  gravity,  while  the  smoke"  which  has  not  been 
impelled,  ascends  by  the  continued  force  of  the  draft.  This  improvement  in 
the  construction  of  smoke  pipes,  is  applicable  to  steam-boats,  and  to  standing 
engines,  and  is  stated  to  be  of  ^eat  value,  from  the  security  it  affords  against  fire. 
The  tank  is  connected  with  the  boiler  by  a  steam  tube,  and  a  water  tube,  so 
that  by  the  former,  the  pressure  of  steam  in  both  vessels  may  be  equalixed, 
while  the  water  is  allowed  to  run  through  the  latter  into  the  boiler.  <  is  the 
fuel  house,  and  t<  the  engineer's  station. 

Every  circumstance  relating  to  locomotion  on  railways  having  become  of 
importance,  nothing  escapes  investigation,  nor  attempts  at  amelioration. 
Amongst  the  many  apparently  trivial  matters  to  which  attention  is  necesaaiy  to 
enable  a  locomotive  machine  to  work  well,  is  that  of  the  lubricating  substance. 
The  sagacity  of  Mr.  Henry  Booth,  of  Liverpool,  has  led  him  to  effect  an  im- 
provement m  this  respect,  for  which  he  obtamed  a  patent  on  the  14th  of  April, 
1835 ,-  which  he  has  denominated  **  The  Patent  Axle  Grease,  and  LubricaW 
Fluid."  These,  according  to  the  specification,  are  chemical  compounds  of  oil, 
tallow,  or  other  grease,  and  water,  effected  by  means  of  the  admixture  of  wda 
or  other  alkaline  substance,  in  such  proportions,  that  the  compounds  shall  not 
be  of  a  caustic  or  corrosive  nature,  when  applied  to  iron  or  steel,  bat  of  as 
unctuous  greasy  quality,  easily  fusible  with  heat,  and  suitable  for  greasiDg  tha 
axle-bearings  of  carriage  wheels,  or  the  axles,  spindles,  and  bearings  of  madii- 
nery  in  general.  The  proportions  of  the  ingredients,  and  mode  of  compoanding 
them,  are  stated  to  be  as  follow : —         • 

"  For  the  axletrees  of  carriage  wheels,  a  solution  of  the  common  waihisg 
soda  of  the  shops,  in  the  proportion  of  half  a  pound  of  the  salt,  to  a  gaUoo  of 
pure  water;  to  one  gallon  cH  this  solution,  add  three  pounds  of  good  deal 
tallow,  and  six  pounds  of  palm  oil.  Or  instead  of  the  mixture  of  pium  oil  ani 
tallow,  add  ten  pounds  of  palm  oil,  or  eight  pounds  of  firm  tallow.  The  tallov 
and  palm  oil,  or  either  of  them,  and  the  solution  as  described,  must  be  heated 
togetner,  in  some  convenient  vessel,  to  about  200o  or  210<>  of  Fahr.  and  thai 
the  whole  mass  must  be  well  stirred  or  mixed  together,  and  continually  agitated, 
until  the  composition  be  cooled  down  to  60o  or  70o  of  Fahr.  and  have  omaioed 
the  consistency  of  butter,  in  which  state  it  is  ready  for  use. 

The  patent  lubricating  fluid,  for  rubbing  the  parts  of  machinery  in  geflcial 
is  thus  made :  to  one  gallon  of  the  aforesaid  solution  of  soda  in  water,  add  of 
rape  oil,  one  gallon ;  and  of  tallow  or  palm  oil,  one  quarter  of  a  pound.  Heik 
them  together,  to  about  210o  of  Fahr.  and  then  let  the  fluid  composition  beiel 
stirred  about,  and  agitated  without  intermission,  until  cooled  down  to  610**  or  7<^ 
when  it  will  be  of  the  consistence  of  cream.  If  it  be  desired  thicker,  a  littk 
addition  of  tallow  or  palm  oil  renders  it  so. 

It  has  been  observed  that  the  deflection  of  the  railway  bars,  by  heaiy 
carriages  passing  over  them  on  the  Manchester  and  other  lines  of  road,abiOifa 
a  considerable  portion  of  the  tractive  force  ;  besides  producing,  by  thar 
vibratory  action,  an  earlier  destruction  of  the  stationary,  as  well  as  the  loco* 
motive  mechanism.  To  provide  a  remedy  for  these  apparent  defects  of  the 
ordinary  system,  Mr.  John  Reynolds,  of  Neath,  has  proposed  to  give  to  the 
rails,  bars,  or  plates,  an  equal  support  in  every  part  of  theu*  length,  so  that  they 
shall  not  be  susceptible  of  depression  or  deflection;  and  this  tie  propose!  is 
effect  by  two  methods,  for  which  he  obtained  a  patent  on  the  5th  May,  1835.  Ihr 
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J  cut-liDn  bearen  laid  and  joined  end  to  end,  and  in  nicb  matmer  u 
a^ble  of  vertical  or  lateral  movement,  independently  of  thoM  next    ■ 
;  to  it.     The  rail*,  bun,  or  plates,  over  nbich  the  carriage-nheeli  are 

to  run,  may  be  either  caA  on  and  with  the  bearen,  or  they  may  be 
The  Kcond  method  is  by  bearen  formed  by  blocki  of  natural  or 
ftone,  joined  end  to  end,  and  bedded  in  the  roadway,  and  tecured  in 
oner  together,  that  they  can  only  move  in  concert  A  great  variety  of 
rails,  founded  upon  the  basis  of  conBtruction  just  mentioned,  have  been 
'  Hr.  Reynolda  :  it  will  only  be  in  our  power  to  notice  here  two  or 
them.  The  annexed  figure  sbowa  a  vertical  section  of  one  of  Che  moat 
i  forms,  in  which  the  bMatiing  that  it  is  imbedded  in,  shown  at  a  a,  is 
ipth  than  the  bottom 
itone  sleepers  gene- 
1,  and  of  considerably 
h  than  the  bottom  of 
ration  and  ballasting 
ondon  and  Krming^ 
iray. 

orm  of  the  bearing 
le  carriage  wheels  is 
t  b,  and  that  of  the 
upport    and    lateral 

plates  at  e  e.  They  ate  fastened  end  to  end  by  means  of  "  snugs,"  or 
J  pieces  cast  to  ihem,  of  such  forma  as  that,  when  placed  in  juxto- 
a  key  or  wedge  is  driven  into  an  aperture  formed  by  their  union, 
Ids  tbem  firmly  together.  The  blocks  of  natural  or  artificid  stone  are 
led  by  the  various  modes  known  lo  masons,  and  the  iron  rail  above, 
>f  wrought  or  castiron,  are  also 
tened  by  means  equally  well 
id  to  need  explanation.  The 
lection  represents  another  cut 
imerous  designs  given  by  the 
:   w  represents   a   wrought- 

reiting  upon  and  fastened  to 

timber  t,  enclosed  between 
ig  plates  g  g,  which,  together 

fin  ^,  are  imbedded  m  the 

dvantages  contemplated  by 
tee  are— J,  a  great  saving  in 
n  and  ballasting ;  2,  a  saving 
DSt  of  materiala  and  laying 

lee  of  work;'  4,  saving  the 

■f   engines.     Some   rails   on 

itmction  are  laid  down  ex- 

lUy  on   the    Liverpool   and 

ler  line,  and  apparently  stand 

vtj  satisfactorily. 

unaaa  Parkins,  of  Dudley,  has  had  a  patent  for  a  similar  object  to  the 

,  which  is  dated  the  3d  of  December,  1835.     It  consists  in  forming 

IB  deepeis  of  vitrified  earth  (burnt  clay),  which  the  patentee  states  are 

nd  durable  as  granite,  and  impMvioua  to  the  weather.     The  following 

rea  a  cross  section  of  Mr.  Parkina's  r^lway,  and  F^g.  2  a  side  elevation 

ion  of  it     The  vitrified  blocks  or  aleepera  are  shown  at  aaa;  each 

13  inches  at  the  hose,  five  at  the  top,  twelve  deep,  and  nine  long,  and 
I  the  other,  thus  forming  a  continuous  mass  along  the  whole  line  of 
be  joining  is  effected  by  a  projecting  tongue  b,  which  fits  into  a  corre- 

raceas  made  in  each  block.  A  groove  c  is  moulded  longitudinally  in 
r  the  sleepers,  into  which  the  rib  of  a  wooden  bearer  d  (four  inches  at 
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the  base,  four  deep,  two  widest  the  top,  and  twelve  feet  or  more  long)  itjpUoed; 
and  is  bedded  upon  patent  felt ;  on  tuis  wooden  bearer  is  fixed  an  iron  bar  « e, 
for  the  wheels  of  the  carriages  to  run  upon  ;  this  bar  or  rail  being  also  bedded 
upon  felt. 


3 


■I .,  ^^~Ls-j- 


Fig.  2. 
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ct 
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Mr.  Parkins  gives  the  preference  to  the  arrangement  described;  but  he  pRh 
poses,  in  certain  cases,  to  dispense  with  the  wooden  bearers  dd^  and  to  place  irai 
rails  of  the  ordinary  kind  at  once  into  the  groove  c. 

A  variety  of  novel  combinations  of  mechanism  for  steam  carriages  were  patented 
on  the  6th  Dec.  1835,  by  Mr.  W.  Carpmael,  of  Crawford-street,  as  the  agent  of » 
French  gentleman.  In  the  space  wnich  we  can  devote  to  notice  it,  it  would  be 
quite  impracticable  to  convey  an  intelligible  idea  of  the  numerous  ingenioui  cod- 
trivances  the  specification  sets  forth ;  we  shall,  therefore,  merely  state,  that  the 
boiler  consists  of  two  parallel  rows  of  large  vertical  tubes  for  the  water,  m 
placed  in  a  quadrangular  case,  as  to  divide  it  into  three  compartments,  the 
middle  one  of  which  is  the  largest.  In  this  middle  chamber  is  put  the  fheU 
coals ;  and  in  the  two  small  chambers  in  the  other  sides  of  the  two  rows  eif 
tubes,  is  put  another  kind  of  fuel,  coke.  The  combustion  of  the  coals  is  excited 
by  a  fan-wheel,  placed  under  the  grating  of  the  coal  chamber,  and  the  moke 
and  other  inflammable  matter  that  escapes  from  this  fire-place  is  conducted 
between  the  tubes  and  over  the  coke  fires,  by  which  arrangement  the  smoke 
and  carbonaceous  matters  will,  it  is  fairly  presumed,  be  inflamed,  and  the 
caloric  thus  extricated  be  beneficially  employed  in  the  generation  of  steam.  IV 
steam  chambers,  consisting  of  capacious  horizontal  tuoes,  close  up  the  topi  d 
each  of  the  flumaces  ;  and  the  steam  is  conducted  through  regulating  valTei  and 
pipes  to  the  engines  situated  in  the  bed  of  the  carriage  frame.  Many  of  the 
subordinate  contrivances  exhibit  considerable  mechanic^  talent,  and  affotdpiet^ 
strong  evidence  that  our  Gallic  friends  will  soon  run  a  race  with  us  by  ttoam. 

Mr.  John  Blyth,  a  young  engineer  of  excellent  abilities,  residing  at  Ub^ 
house,  obtained  a  patent  on  the  31st  of  December,  1835,  for  "aniiuami 
method  of  retarding  tbe  progress  of  carriages  in  certain  cases,"  wweh  ■ 
extremely  simple  and  effectual.  It  consists  of  a  friction  wheel,  fixed  on  toii 
inner  side  of  the  nave  of  the  running  wheel  {or  wheels) ;  around  this  iabradH 
a  friction  band,  and  hence  it  is  conducted  and  made  fast  to  the  cairii^  Mb 
in  such  manner  that  when  descending  a  hill  or  inclined  plane,  the  caniMtki^ 
slides  forward  and  draws  the  friction  band  against  the  frictioii  whM  Tit 
natural  force  of  gravity  is  thus  admirably  employed  to  coonleniet  its  imm* 
veniences  '*  in  certain  cases ;"  and  it  will  be  ol^erved  that  the  fbaee 
tion  will  be  exactly  as  it  is  required ;  that  is,  in  proportion  to  the  ii 
the  plane  on  which  the  carrii^  is  descending. 

To  obviate  that  lateral  and  serpentine  motion  of  railway 
from  the  ordinary  construction  of  the  *'  bufiing  apparatus,"  we  have  almifbi 
few  pages  back,  described  the  invention  of  Mr.  Berafn.     Another  iaicr' — 
designed  to  efiect  the  same  object,  has  been  recently  mtrodoeed  by  the  ii 
gent  Mr.  Henry  Booth,  of  Liverpool,  for  which  that  gentleman  obtaiaed  * 
patent  dated  the  23d  of  January,  1836. 
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foIlowiDg  engraving.  Fig,  1,  shows  the  mode  in  which  railway  carriages 
mially  been  attached  to  each  other  by  a  simple  chain,  the  buffers  of  one 
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;e  not  coming  in  contact  with  those  of  another,  but  each  carriage  being 
d,  when  moving  onwards,  a  lateral  oscillating  motion.  /^<.  2  and  3, 
Mr.  Bf>otirs  method  of  connecting  them ;  a  in  the  connecting  chain 
ed  to  the  draw-bar  of  each  carriage,  and  consists  of  a  double  working 
(working  within  two  long  links  or  shackles),  the  sockets  of  which  are 
J  threaded  to  receive  the  screw  bolts,  which  are  fastened  together  by  a 
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Fig.  2. 


Fig,  3. 


td  eotter,  so  that  by  turning  the  arm  or  lever  Z  of  the  said  screws,  the 
Btilig  apparatus  is  lengthened  or  shortened  at  pleasure,  to  the  extent  of 
ig  hnks  or  shackles  above  alluded  to,  in  which  they  work.  This  screw- 
being  placed  on  the  hooks,  or  turned  up  ends  of  the  carriage  draw-bars 

buffers  b  of  each  adjoining  carriage  being  first  brought  close,  or  nearly 
Jibber,  the  lever  Z  in  turned  round  a  few  times  till  the  draw-bars  d  are 
an  inch  or  two  beyond  their  shoulders,  on  the  face  of  the  carriage  frame 
cblng  the  draw-springs,  to  which  the  draw  bars  are  attached,  to  the  extent 
uik  or  fiftli  part  of  their  elasticity ;  and  by  that  degree  of  force  attaching 
ftn  of  the  adjoining  carriages  together,  and  giving  by  this  means,  Mr. 
itetcfly  "  to  a  train  of  carriages,  a  combined  steadiness  and  smootlmess  of 

at  rapid  speeds,  which  they  have  not  when  the  buffers  of  each  carriage 
•rate  from  those  of  the  adjoining  carriage."  w  is  a  weight  to  keep  the 
I  a  Tertical  position,  and  prevent  the  unscrewing  of  the  chain  when  in 
The  patentee  does  not  claim  under  this  patent  the  parts  described, 
fly  considered ;  but  he  claims  their  combination  and  joint  action,  and 
ooaeaurnt  dose  but  elastic  attachment  of  the  carriages  to  each  other, 
Donatitutes  my  improvement  applicable  to  railway  carriages." 
II.  <  » 
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The  flame  patent  indudefl  a  rtry  pretty  and  luieftd  eontrmaoe  of  Ahoriginal- 

minded  inventor,  which  is  thus  described  by  him: — '<  And  my  hnproreinaftt 
applicable  to  the  locomotive  engines  which  draw  the  railway  carriages,  I  declare 
to  be  a  new  mode  of  checking  the  speed  of  the  engine,  or  stopping  it  altogether, 
which  is  ejQTected  by  introducing  a  throttle  valve,  slide,  or  damper,  into  the 
exhausting  steam  pipe  of  the  engine,  commonly  called  the  blast  pipe,  which  is 
usually  placed  in  the  chimney  in  front  of  the  engine,  and  which  throttle 
valve  inuy  be  most  conveniently  introduced  when  the  two  exhausting  pipes  are 
united  into  one  below  the  place  where  the  pipe  is  contracted  in  area  ibr  the 
purpose  of  prod'icing  a  biasc  to  the  furnace.  From  the  throttle  valve  must 
proceed  a  rod  or  IciUg  handle  extending  through  the  chimney  to  the  back  part 
of  the  boiler,  so  as  tu  lie  within  convenient  reach  of  the  engine-man,  who,  by 
moving  the  said  handle,  can  close  the  slide  or  throttle  valve,  either  partially,  or 
altogether,  as  may  be  required.  And  the  throttle  valve  need  not  be  altogether 
steam-tight,  but  should  be  made  to  work  freely  in  its  place.  The  engine-matt, 
when  he  wishes  to  stop  or  slacken  tlie  speed  of  the  engine,  closes  or  contraeH 
his  throttle  valve  without  shotting  off  the  steam  in  its  passage  (ron  the  bote 
to  the  engine.  The  pistons,  by  that  means,  are  spe^duy,  hut  not  saMenly  or 
violently  checked,  and  the  driving  wheels  of  the  engine  no  longer  revolring, « 
revolving  very  slowly,  the  engine  is  soon  brought  to  a  stand.  Now  I  do  not 
claim,  OS  new,  any  particular  kind  of  throttle  valve,  which  may  be  left  to  the 
judgment  of  the  engineer,  provided  it  be  so  constructed  that,  when  open,  the 
steam  may  be  not  contracted,  but  may  allow  the  steam  to  escape  freely,  as  if  no 
valve  or  damper  were  introduced.  But  I  claim  the  introduction  of  a  throttle 
valve  or  damper  into  the  exhausting  steam-pipe  of  a  locomotive  engine,  by 
closing  or  contracting  which,  the  engine-mau  can  check  or  stop  his  engines  at 
pleanure." 

Mr.  Massey,  a  watchmaker  of  Liverpool,  took  out  a  patent  on  the  23d  April, 
1836,  for  improvements  in  railway  carriages,  which  merely  consists  in  dividing 
the  usual  quadrangular  framing  of  the  carriage,  across  the  middle,  into  two 
parts,  making  two  smaller  complete  frames,  and  connecting  the  ends  of  these 
midway  by  a  stout  bolt,  with  a  cotter-key,  and  washers,  so  as  to  enable  the  frame 
of  the  carriages  to  yield  to  the  inequalities  of  level  in  the  road,  and  not  lift  the 
wheels  from  their  bearing  on  the  rails. 

Tunnels. — ^I'he  adoption  of  tunnels  in  lines  of  railway  has  been  the  subject 
of  much  discussion ;  for  the  most  part  apparently  arising  from  individuals 
who  are  interested  in  the  execution  of  certain  lines  of  railway,  in  which  tun- 
nels are  excluded.  Many  timid  and  ignorant  persons  have  thus  been  frightened 
into  the  apprehension  of  suffocation  from  the  noxious  state  of  the  air,  caused 
by  the  decomposition  of  the  fuel  in  the  locomotive  engines.  In  order  to  show 
to  what  extent  the  air  in  a  tunnel  is  thus  contaminated,  Mr.  Gibbs,  in  his  report 
already  alluded  to,  observes :  ''  Let  us  suppose  a  tunnel  one  mile  in  length,  to  be 
traversed  by  a  locomotive  engfine  and  its  train,  of  a  eross  weight  of  100  loiii. 
The  experience  of  the  Liverpool  and  Manchester  railway  has  diown  that  the 
average  consumption  of  coke  is  considerably  less  than  haif  a  pommd  per  imnfsr 
each  mile  it  is  carried  on  a  railway ;  but  taking  the  consumptioo  at  half  a 
pound,  die  whole  weight  of  100  tons  will  require  the  consumption  of  50  lbs.  of 
coke.  It  may  be  calculated  that  every  ten  pounds  of  coke  will  evaporate  k 
cubic  foot  of  water;  so  that  the  whole  50los.  will  convert  into  steam  fiv« 
cubic  feet  of  water  in  the  distance  of  one  mile.  Now,  to  convert  into  steam  one 
cubic  foot  of  water,  requires  1950,  or  say  2000  cubic  feet  of  air;  then  five  fcet 
of  water  will  of  course  require  10,000  feet,  and  this  will  be  the  whole  amounl 
of  contaminated  air  in  one  mile  of  tunnel.  To  determine  the  proportion  ofauch  aa 
amount  of  foul  air,  and  the  whole  of  the  air  contained  in  the  timnel,  we  may  take, 
for  example,  a  moderate  sized  tunnel,  30  feet  high,  having  an  area  of  800  aquan 
feet.  One  mile  in  length  of  such  a  tunnel,  will  contain  4,224,000  cubic  feet ;  htneo 
the  contaminated  air  will  bear  to  the  whole  quantity  in  the  tunnel,  the  ratio  of 
10,000  to  ^4,224,000,  or  it  will  be  as  1  to  422.  It  will  scarcely  after  this,  amar  aay 
valid  objection  to  tunnels,  to  assert  that  an  injurious  efibct  must  result  ftam  the 
contaminated  air,  when  we  find  that  the  quantity  of  this  desoriptkn  of  av 
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produced  by  the  paaainfr  of  the  whole  train  will  be  no  more  than  j^  part  of  the 
vhole  quantity  in  the  tunnel."  On  the  preceding  page  is  reprewnled  a  loDgi- 
tudinal  section  of  a  tunnel,  (supposed  to  be  cut  through  mart,  thaie,  or  cuy 
■trata,)  showing  the  proportion  which  an  engine  with  ita  tender  nnd  train  of 
carriaeea  bears  to  the  size  of  a  tunnel.  A  transverse  section  of  the  tame 
nnel   is  given   in   the  subjoined  figure ;    in  which   the   irregular   diagonal 


lines  are  intended  to  represent  tin 
plastic  clay.  In  making  tunnels  through 
•tiBta  of  thb  nature,  it  is  an  important 
consideration  that  no  npringd  will  en- 
croach ;  on  the  other  hand,  inverted 
arches  become  necessary,  as  shown  in 
the  figure. 

In  the  formation   of  tunnels  through         ^ 
chalk   rocks,   the   expense   is   less   than     N^ 
through  any  other  material ;  the  excellent 
■tone   of  which    It  is  usually  composed 
renders  artificial  side  walls  unnecessary, 
while  the  material  will,  in  some   cases, 
eiceed  tlie  coat  of  excavation.     "  As  lo 
the  expediency  of   adopting  liinnela   at 
all,"  Mr.  Gibbs  observes,  "  it  is  certain 
that  this  ought  not  to  be  admitted  until 
aAer  much  CDnaideration  and  investiga- 
tion, with  a  view  if  possible  to   avoid 
them ;  vet  when,  by  the  introduction  of 
a  tunnel  a  positive  good  might  be  effected, 
nich   as   a  shortening  of  the  line,   the 
means  of  penetrating  a  difficult  summit,  , 
otherwise  be  shut  out  from  the  ad< 
iibly  be  great  injustice,  alike  to  tli 
surrounding  dulrict,  to  adhere  U 
tunnels." 


of  the 


marl,  ifaale,  or 


mit,  or  of  reaching  a  country  whicti  ml^ 
stages  olTered  by  the  railway,  it  uught  pcw- 
sharehotders  in  the  undertakii^,  and  the 
rigidly  to  the  determination  of  ex 


The  engraving  on  the  preceding  pi 


,te.  and  looking  towards  Kingstov 


a  view  of  the  Dublin  and 

le  raiitray,  passing  thniugh 


GradienU. — Tiie  most  important  consideration  in  the  conitruction  of  railwaysi 
n  the  srraDgemeiit  of  the  gradienta.  To  effect  this  arrangement,  two  distinct 
and  opposite  aystems  present  themselves,  eacli  having  its  advocates  ready  with 
arguments  in  support  of  their  particldar  theory.  In  ihe  one  system,  the  rise* 
and  falls  are  distributed  over  the  whole  length  of  the  line,  in  planes  of  gradual 


while  the  other  proceeds  on  the  principle  of  concentrating  Uie 
points,  and  thus  gaining  the  aummila  at  once,  by  short  and 


iteep  inclined  planes,  at  the  same  time  obtaining  levels  throughout  the 
the  line.  To  decide  wliich  of  these  systems  is  the  most  judicious,  an  invet- 
tigation  of  the  principles  connected  with  the  laws  of  retardation  become* 
necessary. 

In  Mr.  Gihbs's  Report  upon  the  teveral /n-opottd  Liaei  for  the  Brighton 
Railaat/,  this  subject  has  been  examined  and  illustrated  with  great  simplicity 
and  ability  :  to  this  Report  we  therefore  with  pleasure  refer  our  readen, 
contenting  ourselves  villi  giving  the  results  of  his  investigationB ;  nhivh  are 
these;— 

Fir^t,  That  on  a  series  of  railway  incUnationa,  the  power  required  to  transport 


a  weight  Irom  one  give 


o  another,  i 


precisely 


^ly  the  N 


e  whatever  incli- 


'e  adopted,  provided  none  of  these  inclinations  exceed  21  feet  in  a  mile, 
which  is  the  limiting  slope  of  a  plane,  on  which  the  force  of  gravity  become! 
equal  to,  and  cunsequetilly  capable  of  balancing  ;  or  by  any  increase,  of 
overcoming  the  retarding  force  of  friction- 
Second,  On  any  series  of  inclinations,  the  power  required  to  transport  a 
weight  both  ways,  is  exactly  equal  to  the  poner  required  to  convey  the  gooda 
on  B  level  plane.    This  must  M  dear  if  we  couidet  that  a  certain  amount  of 
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power  must  be  expended  in  order  to  overcome  the  gravity  in  aaceiid^,m 
addition  to  the  power  employed  to  overcome  the  resistance  of  friction ;  and 
also  in  descending  it  is  evident  that  a  less  quantity  of  power  is  necessary  thin 
tliat  required  to  overcome  the  friction.  Now  the  increased  power  in  the  one 
case  is  exactly  equal  to  the  decreased  power  in  the  otlier  caae;  the  gros 
amount,  taking  the  two  together,  being  equal  to  that  required  to  overcome  fric- 
tion ;  this,  of  course,  is  equal  to  the  power  required  on  a  level ;  and  hence  the 
conclusion,  that  whatever  be  the  inclinations  of  a  railway,  provided  none  of 
these  inclinations  exceed  21  feet  in  a  mile,  the  same  power  will  work  the 
railway  both  ways,  as  would  be  required  to  work  the  same  distance  on  a  lerd 
railway. 

Sta'tMct  of  Railways, — The  Liverpool  and  Manchester  railway  was  mainly 
designed  for  the  transport  of  goods  at  the  rate  of  about  ten  miles  per  hour, 
but  it  was  found  that  treble  the  required  speed  was  easily  attainame  by  thi 
improvements  that  were  made  in  the  engines;  it  became,  in  couarqncBCff,  a 
more  important  object  to  carry  passengers,  and  the  result  has  been  a  en- 
tinually  increasing  amount  in  their  number.  The  ingenious  Dr.  Lardnar  M 
been  at  some  pains  tc  discover  a  statistical  law,  by  which  the  increase  of  ialMP* 
comnmnication  is  governed.  The  Doctor  has  made  some  very  iDteml^ 
statements  on  this  subject,  which  we  shall  endeavour  to  compreta  inCo  a  warn 
compass. 

Previous  to  the  establishment  of  the  Manchester  and  Liverpool  railway, 
the  number  of  passengers  making  one  trip  was  400  per  day ;  immediately 
afterwards  it  rose  to  1200  daily.  Since  that  period  the  number  has  reguliriy 
increased,  and  it  now  amounts  to  laOO,  whicii  is  a  further  increaae  of  oneia 
four.  Previous  to  the  railway  there  weie  twenty-six  stage  coaches  daily 
running  between  Manchester  and  Liverpool ;  now  there  is  hut  one.  Hm  tiM 
of  the  journey  by  the  fastest  coaches  on  the  road  was  three  houra ;  by  tbei^ 
It  is  one  hour  and  twenty  minutes.  The  rate  of  the  fares  is  aimilariy  reteed. 
This  diminution  of  hoth  the  time  and  expense  of  travelling  has  increased 
the  passengers  fourfold.  Between  Newcastle  and  the  village  of  Hexham,  ths 
effect  of  the  railway  there  has  been  to  increase  the  number  of  paaaengen  from 
1700  to  7060 ;  which  is  also  a  fourfold  increase.  Between  Dublin  and  £iigito«D 
the  increase  has  been  from  800  daily,  to  an  average  of  3300 ;  also  a  fbuifoU 
increase.  Having  given  these  examples  to  prove  the  ratio  of  inrreate,  the 
learned  Doctor  shows  that  this  increase  was  owing  more  to  the  taoipg  <f  tim 
than  of  money,  by  reference  to  the  Dublin  and  Kingstown  railway,  where  ibe 
price  was  actually  raised  higher  than  by  the  ordinary  vehicles. 

The  engraving  of  the  Greenwich  railway  on  pace  583  repreaenta  a  penpcrtirs 
view  of  this  splendid  work  as  seen  from  an  elevated  position,  and  looking  towaidi 
London,  with  the  river  Thames  on  the  right.  This  railway,  aa  moatof  ourivadcn 
know,  is  a  continued  viaduct,  biult  iqion  arches  twenty-two  feet  high,  and  ci- 
tending  in  nearly  a  straight  line  from  London  Bridge  to  Greenwich,  tbusredudiif 
the  distance  by  the  road  of  five  miles  to  three  and  three  quartera;  andredncing 
the  usual  time  of  transit  from  fiftv  minutes  to  seven.     The  entire  stractare 
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reflects  great  credit  upon  the  engineer,  Colonel  Landmann,  and  it  will  doabtle* 

?rove  a  creat  benefit  to  the  inhabitants  of  the  important  placea  it  connecli. 
"he  whole  line  from  London  Bridge  to  Deptford,  (supportca  upon  upwaids  of 
800  magnificent  arches,)  was  opened  to  the  public  on  the  Htn  of  December, 
1 836,  with  the  usual  pomp,  ceremony,  and  music,  that  are  customaiy  on  Mch 
important  events ;  the  intere^^t  of  the  scene  being  increased  by  the  attendancs 
of  the  Lord  Mayor  in  state,  accompanied  by  the  sherilb,  city  officers,  and 
numerous  persons  of  distinction. 

In  our  endeavour  to  fulfil  the  undertaking  which  we  announced  at  page 373,  wt 
have  already,  according  to  our  publisher's  report,  far  exceeded  the  piesciibed 
limits  of  the  work.  So  very  numerous  are  the  inventions  on  tliia  subject,  so  varied 
are  they  in  their  modifications,  and  so  elaborate  in  their  detaila,  that  we  have 
found  much  diiKculty  in  compressing  them  within  their  present  space;  and  in  to 
doing  we  regret  the  necessity  which  has  con)pelledus  to  clip  manv  oif  their  ftir 
proportions.     Nevertheless,  some  few  of  a  very  recent  date  remaiin  unnoticed. 
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These  we  hope  to  be  able  to  place  before  the  public,  together  with  some  importnt 
matter  relative  to  the  theory  of  the  subject,  as  well  as  the  actual  practice  of  our 
railway  engineers,  which  we  are  reluctantly  obliged  here  to  exclude.  We  had 
also  in  preparation  for  the  engraver  a  series  of  views,  with  plans,  elevations, 
and  sections  of  several  of  the  great  works  now  rapidly  progressing  in  the 
various  parts  of  the  kingdom ;  also  some  beautiful  designs  for  bridges,  tunneli, 
and  other  railway  works,  which  latter  were  kindly  furnished  us  by  that 
eminent  artist  ana  engineer,  Mr.  Jones,  of  No.  7,  St.  Martin Vplace,  Cnaring 
Cross.  This  gentleman  has  lately  proposed  the  employment  of  a  spacious  carriage, 
to  accompany  the  trains,  fitted  up  with  all  the  conveniences  of  a  steam-bott,  for 
the  accommodation  of  the  infirm  or  sick. 

In  compiling  this  article,  the  Editor  has  been  indebted  to  the  works  of 
Messrs.  Wood,  fredgold.  Palmer,  Walker,  Stephenson,  M'Neill,  Booth,  Rai- 
trick,  Scott,  Lardner,  and  Gordon ;  to  the  Repertory  of  ArU^  the  Jomd  ^ 
Patent  Inventions^  the  Mechanics  Magazine ^  the  London  Journal  of  Arttj  unA 
the  Trannactiona  of  various  Scientific  Institutions.  If,  in  some  instances,  be 
has  omitted  to  acknowledge  his  autliority,  it  is  attributable  to  the  difficulty  of 
fixing  the  original  author.  The  greater  part  of  the  subjects  are,  liowerer, 
derived  from  the  Editor's  own  rcHOiirces,  collected  in  his  professional  avoca- 
tions of  reporting  upon  new  inventions,  and  of  procuring  letters  patent  fo 
inventors. 


ANALYTICAL   INDEX. 


AIR;  resistance  of  to  motion,  ^39;  Air-Engine 
Carriages,  501,  521. 

AXLES ;  see  Wrrkls  and  Azt.cs. 

BRAKES,  or  DRAGS,  375;  Blyth's,  576;  Le 
Caan's,  377  ;  Stephenson*!!,  557. 

CHAIRS  and  PEDESTALS  for  Rails;  Scri- 
vener's patent,  553  ;  Jessop's,  554;  Ste- 
phenson s,  443 ;  Losh's,  443. 

FRICTION ;  treated  of  under  Rebistamcb. 

HORSE  POWER;  375,  877,  433,441,  463. 

INCLINED  PLANES  ;  Self-acting,  419:  mode 
of  working  by  fixed  en^nes,  415;  Thomp- 
son's patent,  416  ;  Scott's  modes  of  ascend- 
ing. 420. 

LOCOMOTIVE  CARRIAGES  ;  Andrews', 
479 ;  Anderson's,548;  Bacon's,573 ;  Baynes', 
469;  Bergin's,  570;  Blenkinsop's,  395; 
Bombas',  502  ;  Booth's.  577  ;  Braithwaite 
and  Erricson's,  513,  514 ;  Bramley  and  Par- 
ker's, 536;  Brandreth's,  476,  515;  Brown's, 
479;  Brunton's .  399  ;  Burstall  and  Hill's, 
43] :  Carpmael's,  576;  Caylcy's,  474;  Chap- 
man's, 378;  Church's,  549;  Clive'i.  522; 
Cochrane's,  549 ;  Ciabtree's,  5*23 ;  Dance 
and  Field's,  56ri ;  Dodd  and  Stephenson's, 
401 ;  i 'odds',  536 ;  Easton's,  475  ;  Eraser's, 
563;  Gibbs  and  Applegath'8,554  :  Gordon's, 
449,  461,  54s  ;  Gough's,  525;  Griffith's.  44«; 
Guniey's,  389,  469,  472,  498;  Hack  worth's, 
515;  Hancock's,  1 85,  4H9;  Harland's,  486; 
Heato.'s,  534;  Hick^',  5h8;  Hill's,  468; 
Holland's,  481  :  James',  45.i,  458 ,  466.  5^8  ; 
Maceroni  and  Squire's,  567  ;  Mann's,  502; 
Ma^tiey's,  578;  Medhurst's,  5U1  ;  Milli- 
cl.ap's,  .'>08 :  Moore's,  523;  Napier's,  542; 
Neville's,  479;  Palmer's,  G.  H.,  549; 
Rawe  aiid  Boase'«.  533 ;  Redmund's,  552  ; 
SHXtoo's,  5(>4  ;  Seaward's,  477 ;  Snowden's, 
463 :  Stephenson's,  556  ;  Summers  and 
Ogle's,  529;  Trevithick  and  Vivian's,  387 ; 
Vancy  and  Pocock'h,  524;  Wright's,  531. 
LUBKICATION:  difference  of  effect,  accord- 
ding  to  mode  of  oiling,  437;  Booth's  Patent 
Grease,  674^ 


PROPELLERS;  Brunton's, 378 :  Ba7Ms',4ff; 
D.Oordon's,'460;  Gume7's,471 ;  Scavsrfi 
477 ;  Neville's,  479. 

RAILWAYS,    edge;    Birkinahaw's   \mpaH' 
nients.  409;  Badnall's  anduIating.551:CW- 
verse's,  552  ;  Dublin  and  Kinpitown,  M; 
Greenwich,  582;  Grime's,  348;  Hivki^.4<l; 
James',  465 ;  Jessop's,  554  ;  Losh  and  Vat' 
phenson's,40S ;  Loah's,  414, 443;  Maackst^ 
and  Liverpool,  525;  Parkins' sleepen,  S7J: 
Revnolds' continuous  bearing.  575;  Bchrv 
nor's,  553;  Stephenaon'a,  443,  560;  WjtfC*' 
381,  385.  394. 

from;  first  at  CoMxrook-dsle,S7#^ 

Carr's  improvement,  377  ;  Le  Csan's,  S7V  9 
Losh  and  Stephenson's^  405 ;  WooihMi8C*0i^ 
383. 

«««;>^iMi'm;  Dick's,  503:  FisteW 


467;  Midgely's,  478;  Palmer's,  405. 
serrated;  Blenkinsop^s,  195 ; 


ton's.    475;    Snowden's,    462;   TieritUd^ 
and  Vivian's,  387. 

pnuematie;  Valluiee's  and 


kus'  patents ;  see  axtide  Am. 
truvden  ;  conatructi<Hi  of 


and  single  ways,  374. 

RESISTANCE;    resistance    to 

\arious  kmds  of  mils,   4^8;  on  d: 
iuflinations,  434 :  lotbero.'/riymocirasfi 
wheels,  1 34 :  to  aiiding  motit  n  at  the  sxl 
separately  shown ,  4  35 ;  variatitHis 
to  nature  of  bearings,  436;  ditto  as  ref[ 
the  mode  of  oiling,  438 ;  tesiataBce  by 
air  at  different  velocitic*.  439. 

SLEEPERS:  wooden,  375;  stone  first  used  1^ 
Barnes,  377;    Parkins*  vitrified,  575. 

TUNNELS  to  RaUways.  578 

WAGGONS. KaOway:  Palmer's siil)stJtntts4Ji/ 
Brandreth's  patent,  476 :  Karryls,  446. 

WHEKLS  AND  AXLES;  Losh  and  Stepbc^ 
son's  patent.  403,  404;  Brandling's,  4IS:  ■- 
StepheUKon's.   477,  542 ;    Howard**,  49$: 
Winan  s,  526 ;  Hanson's,  533 ;  hoth'%  iff: 
Gillet's,  535;   Himter's.  536;  O.Stepkts- 
son's,  649;  Forrester's,  MS;  llkitiUsi,i* 
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RAISINS.  Grapes,  prepared  by  suffering  them  to  remain  on  the  vine  till 
fy  areperfcctly  npe,  and  then  drying  them  in  the  sun,  or  by  the  heat  of  an 
m,  Tne  difference  between  raisins  dried  in  the  sun,  and  those  in  ovens,  is 
y  obvious ;  the  former  are  sweet  and  pleasant,  but  the  latter  have  a  latent 
oity  with  the  sweetness,  that  renders  them  much  less  agreeable.  Those 
lins  that  are  packed  in  jars,  are  dried  in  the  sun. 

SAKE.  A  tool  used  in  horticulture,  containing  a  series  of  iron  teeth  or 
ngs,  a£Sxed  at  right  angles,  to  the  end  of  a  long  handle,  by  which  the  sur- 
•  of  the  earth  is  smoothed,  or  combed  as  it  were ;  or,  it  is  sometimes  used 
raking  together  weeds,  stubble,  stones,  &c.  The  harrow  used  in  agriculture 
f  be  regarded  as  a  rake  on  a  large  scale. 

tAM.    A  machine  for  raising  water.     See  Hydraulic  Machines. 
LAM,  Battering.     See  Battering  Ram. 

tANCIDlTY.  That  sensible  change  which  first  takes  place  in  oils,  when 
osed  for  some  time  to  the  air ;  supposed  by  chemists  to  oe  analogous  to  the 
lation  of  metals.  For  it  appears  that  the  processes  employed  to  counteract 
ddity,  deoend  upon  the  combination  of  oxygen  with  the  extractive  principle, 
h  which  tne  oily  principle  is  naturally  combined. 

LAR£PACTIO^l.  The  act  whereby  a  body  is  brought  to  occupy  more 
ee,  or  expand  into  a  larger  bulk,  without  the  apparent  accession  of  any  new 
tter.  This  is  commonly  regarded  as  the  effect  of  heat,  or  the  matter  of 
iric,  repelling  tlie  particles  of  the  body  rarefied  farther  from  the  centre  of 
mgation. 

&ASP.   A  species  of  file,  on  which  the  cutting  prominences  are  distinct,  being 
■ed  by  punching  with  a  point,  instead  of  cutting  with  a  chisel. 
RATAFIA.     An  alcoholic  liquor  prepared  from  the  kernels  of  various  kinds 
fruits.    Ratafia  of  cherries  is  prepared  by  bruising  the  cherries,  and  placing 
sm  in  a  vessel  which  has  contamed  brandy  for  a  considerable  time,  then 
ding  to  them  the  kernels  of  cherries  with  strawberries,  sugar,  cinnamon, 
lite  pepper,  nutmee,  cloves,  and  to  twenty  pounds  of  cherries,  ten  quarts  of 
lady,     rhe  vessel  is  left  open  ten  or  twelve  days,  and  then  stopped  closely  for 
o  months  before  it  is  tapped.    There  are  two  modes  of  preparing  rataut  of 
rieots.    The  first,  and  most  usual  method,  is  by  boiling  the  apricot  in  white 
Ds,  addine  to  the  liquor  an  equal  quantity  of  brandy,  with  sugar,  cinnamon, 
ice,  and  Uie  kernels  of  apricots ;  infusing  the  whole  for  eight  or  ten  days ; 
»n  straining  the  liquor,  and  putting  it  up  mr  use.  The  other  mode  is  by  inius- 
r  die  apricots,  cut  in  pieces,  for  eight  and  forty  hours,  passing  it  through  a 
ftining  bag,  and  then  putting  in  the  usual  ingredients. 
RATAN.     a  kind  of  cane  much  employed  in  the  useful  arts.    They  grow 
|Ko!iision  along  the  banks  of  rivers,  in  parts  of  Asia  and  the  neighbouring 
iads.    All  the  species  are  very  useful,  and  are  applied  to  various  purposes ; 
>  fiuit  and  young  stems  of  all  furnish  nutriment,  and  a  driink  is  obtained 
Km  the  liquid,  which  flows  from  wounds  made  in  the  planL    One  species  is 
%  cultivated  for  its  fruit,  which  is  about  the  size  of  a  walnut,  and  covered 
li  scales.     Certain  species  furnish  cables,  cords,  and  withes,  of  exceeding 
^gth ;  others  are  split  into  strips  for  making  the  seats  and  backs  of  chairs, 
ms,  and  other  light  and  elegant  articles  of  furniture ;  those  which  are  larger 
i  firmer,  and  whose  joints  are  more  distant,  afford  elegant  walking-sticks ;  in 
lit,  the  economical  purposes  to  which  the  various  species  of  ratans  are  applied, 
very  numerous,  even  in  northern  climates.     A  trade  in  ratans,  to  consider- 
ft  extent,  is  carried  on  from  several  of  the  East  India  islands  to  China,  which 
liejnincipal  market  for  them. 

iATCH.  A  bar  containing  angular  teeth,  into  which  a  pall  drops,  to  pre- 
kt  machines  from  running  back. 

tATCHET-WHEEL.    A  circular  ratch,  or  wheel,  having  simikr  teeth  to 
fbregoing,  and  employed  for  a  similar  purpose. 

lATIO.  The  relation  which  one  quantity  bears  to  another,  in  respect  of 
^itude  or  quantity ;  the  comparison  being  made  by  considering  how  oflcn 
of  the  quantities  contains,  or  is  contained  in,  the  other.  Thus  if  12  be  com* 
sd  with  3,  we  observe  that  it  has  a  certain  relative  magnitude  with  respect 
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to  3 ;  it  is  four  times  as  great,  or  contains  thre^  four  times.  Bat  in  comparing 
it  with  6,  we  discover  that  it  has  a  different  relative  magnitude  with  respect  to 
6,  for  it  contains  6  but  twice. 

KAY.  A  line  of  light,  proceeding  from  a  radiant  point,  through  a  translu- 
cent medium. 

RAZOR.     A  keen  edged  instrument  used  for  shaving. 

REACTION.  The  action  by  which  a  body  acted  upon  returns  the  flcdoD  bj 
a  reciprocal  one  upon  the  agent 

REALGAR.  The  native  sulphuret  of  arsenic. 

RECEIVER.  Receivers  are  chemical  vessels,  adapted  to  the  necb  or 
beaks  of  retorts,  alembics,  and  other  vessels,  to  receive  the  products  of  distOlt- 
tions,  &c. 

RECTIFICATION.  A  repetition  of  the  process  of  distillation,  by  which 
the  product  is  purified,  or  fireed  from  certain  contaminating  qualities. 

REED.  That  part  of  a  loom  resembling  the  teeth  of  a  comb^  between  which 
the  threads  of  the  warp  are  separated. 

REELS.  Rotatory  cylinders,  or  frames,  on  which  lines,  threads,  &c  are 
wound. 

REEM ING.  The  opening  of  the  seams  between  the  planks  of  vessel^  by 
caulking  irons,  for  the  purpose  of  caulking  or  re-caulking  them  with  oakum. 

REFINING,  in  general,  is  the  art  of  purifying  any  thing;  butthetennii 
commonly  understood  to  apply  to  the  purification  of  metals,  particularly  |oU 
and  silver,  from  the  alloys  with  which  they  may  be  mixed.     As  gold  alid  surer 
alone  can  resist  the  combined  action  of  air  and  fire,  there  is  a  possibility  of  puii* 
fying  gold  and  silver  from  all  alloy  of  the  other  metals  merely  by  the  action  oil  fiit 
and  air,  only  keeping  them  fused  till  all  the  alloy  be  destroyed ;  but  this  porifi' 
cation  would  be  very  tedious  and  expensive,  from  the  great  consumption  oifii^ 
Silver  alloyed  with  copper  has  been  exposed  above  sixty  hours  to  a  riaas-hoasi 
fire,  without  being  perfectly  refined  :  the  reason  is,  that  when  a  smiul  quantitf 
only  of  other  metals  remains  united  with  gold  and  silver,  it  is  protected  froB^ 
the  action  of  the  air,  which  is  necessary  for  its  combustion.    This  refiniBe  o^ 
gold  and  silver  merely  by  the  action   of  fire,  which  was  the  only  metiiod^ 
anciently  kno^n,  was  very  tedious,  difiicult,  imperfect,  and  expensive ;  bnt  ^^ 
much  shorter  and  more  advantageous  method  nas  been  long  practised.    T^^ 
consists  in  adding  to  the  alloyed  gold  and  silver,  a  certain  quantity  of  kad, 
in  exposing  this  mixture  to  the  action  of  fire.    The  vessel  in  which  the 
13  penormed,  is  hollow,  but  shallow,  that  the  matter  which  it  contains  may  jae*^ 
sent  to  the  air  the  greatest  surface  possible.    This  form  resembles  a  eup,  aa^^ 
hence  it  is  called  a  cupel.     The  surface  ought  to  be  vaulted,  that  the  beat  b^^ 
be  applied  to  the  surface  of  the  metal  during  the  whole  time  of  the  opentioa.— * 
Upon  this  surface,  a  dark-coloured  crust  or  pellicle  is  always  forming;  Diitwbeii0l| 
all  the  other  metaJs  are  dissipated,  the  suruice  of  the  gold  and  silTer  ii 
clear  and  brilliant ;  which  indicates  that  the  metal  is  free  from  aUoy. 

REFLECTION,  in  Mechanics,  is  the  return  or  regressive  motion  of  a 
able  body,  arising  from  the  reaction  of  another  body  on  which  it  impingci. 
reflection  of  bodies  afler  impact,  u  attributable  to  their  ^.^sticity ;  and  the :       ^ 
perfectly  they  possess  this  property,  the  greater  will  be  their  reflectioii,  all  otbi^ 
circumstances  being  the  same.     In  case  of  perfect  elasticity,  they  would  h*,i**^ 
fleeted  back  again  with  the  same  velocity,  and  at  an  equal  angle  wiih  which  * 
met  the  plane ;  that  is,  the  angle  of  incidence  would  be  equal  to  the  angie 
reflection,  and  the  velocity,  both  before  and  after  impact,  would  be  the  WM 
equal  distances  from  the  body  on  which  they  impinge. 

REFRACTION,  in  Mechanics,  is  the  deviation  of  a  body  in  motion  from  it 
original  course,  arising  from  the  different  densities  of  the  several  parts  of  d 
medium  through  which  it  passes.     Or,  it  is  that  change  of  determinatioD  wi 
a  moving  body  undergoes  m  passing  out  of  one  medium  into  another  of  a  ^ 
ent  density. 

REFRIGERATORY,  in  Chemistry  and  DutiUation,  is  a  Tessel  for 
limiids,  or  condensing  vapour  into  liquids,  by  the  appUcatton  of  cold 
Tne  common  worm-tub  is  a  specimen ;    but  refrigeratories  are  of  numaW 


RESISTANCK.  587 

diet  forma,  and  may  of  course  be  varied  infinitely,  to  suit  tbe  peculiar  objects 
>r  wbich  they  are  designed,  or  tbe  means  at  command  for  constructing  them. 
ee  Distillation,  Alcohol,  and  Condenser. 

R£GIST£K.     An  aperture  or  valve  placed  in  a  chimney,  stove,  or  furnace, 
imished  with  a  turning  or  sliding  door,  for  regulating  the  quantity  of  air  to  be 
Imitted  to  the  fire,  or  to  open  and  shut  the  communication  with  the  chimney 
pleasure. 

KEGULUS.  A  term  that  was  given  by  chemists  to  metallic  matters  when 
parated  from  their  ores  by  fusion.  It  has  since  been  applied  to  the  metal 
Ltracted  from  the  ores  of  the  semi-metals,  which  formerly  bore  the  name  that 
DOW  given  to  the  semi-metals  themselves :  thus  we  have  regulus  of  antimony, 
gulus  of  arsenic,  &c. 

R£LI£VO,  or  Relief,  are  terms  applied  to  that  mode  of  working  in  sculp- 
ire  by  which  figures  are  made  to  project  from  tbe  ground  or  body  on  which 
ley  are  formed,  and  to  which  they  remain  attached.  The  same  term  is  used, 
hether  the  figure  is  cut  with  the  chisel,  modelled  in  clay,  or  cut  in  metal  or 
ther  substance.  There  are  three  kinds  of  relievo : — First,  alto-relievo,  (or  high 
$lief,)when  the  figures  are  so  prominent  from  the  ground,  that  merely  a  small 
art  of  them  remains  attached  to  it.  Mezzo-relievo,  (or  half  relief,)  when  one 
lalf  of  the  figure  rises  from  the  ground,  in  such  manner  that  the  figure  seems 
livided  by  it.  Basso-relievo,  (or  low  relief,)  when  the  work  is  raised  but  little 
Scorn  the  ground,  as  in  medals,  and  generally  in  friezes,  and  other  ornamented 
parts  of  buildings.  Low-relief,  or  bas-relief,  is  the  comprehensive  term  by 
which  all  works  in  relievo  are  usually  indiscriminately  denominated. 

RENNET.     The  coagulum  prepared  from  the  stomach  of  a  calf,  employed 
in  making  cheese. 

REPULSION,  tn  Physics,  that  property  in  bodies,  whereby  if  they  are  placed 
just  beyond  the  sphere  of  each  other's  attraction  of  cohesion,  they  materially  recede 
and  fly  off.  Thus,  if  any  oily  substance  lighter  than  water  be  placed  upon  its 
mr£Eu:e,  or  if  a  piece  of  iron  be  laid  over  mercury,  tbe  surface  of  the  fluid  will 
^  depressed  about  the  body  which  is  laid  on  it.  This  depression  is  manifestly 
Mcasioned  by  a  repelling  power  in  the  bodies,  which  prevents  the  approach  of 
die  fluid  towards  tnem.  JBut  it  is  possible  in  some  cases  to  press  or  force  the 
propelling  bodies  into  the  sphere  of  each  other's  attraction ;  and  then  they  will 
Bntually  tend  towards  each  other,  as  when  we  mix  oil  and  water  till  they  aro 
incorporated. 

R£s1N.  a  solid  inflammable  substance  of  a  vegetable  origin,  and  soluble 
h  alcohd ;  it  resembles  gum  in  appearance,  but  diflers  from  it  chieflj^  in  its  in- 
Mittbility  in  water ;  in  which  gum  is  soluble,  and  not  in  alcohol.  Resins  appear 
tobave  been  volatile  oils  rendered  concrete  by  the  absorption  of  oxygen.  The 
ttposure  of  these  to  the  open  air,  and  the  decomposition  of  acids  applied  to 
ti^,  evidentlv  prove  this  conclusion.  The  balsams  of  capivi  and  Mecca,  tur- 
pentines, tamahaca,  and  elemi,  are  reckoned  amongst  the  purest  of  resins,  being 
perfectly  soluble  in  alcohol.  Others  which  are  less  pure,  and  not  wholly  soluble 
n  alcohol,  owing  to  combinations  with  extract,  gum,  &c.,  are  among  the  most 
'*'*^  ifl  the  arts,  such  as  mastic,  copal,  sandarach,  guaiacum,  laudanum,  and 
pigon's  blood.  What  is  most  generally  known  by  the  name  of  resin,  or  rosin, 
f  ^e  residuum  left  after  distilling  the  essential  oil  from  turpentine,  and  which 
*  nin  or  ladled  out  of  the  still  into  casks,  cut  in  half,  for  sale.  Its  colour  is 
^^  or  less  dark,  sometimes  approaching  to  black,  according  to  the  degree  the 
^Jl^tion  has  been  carried.  In  commerce,  this  product  is  called  brown  rosin, 
^  yellcw  rosin  is  made  by  ladling  out  the  brown  rosin  from  the  still,  into  a 
^If'i^of  hot  water ;  a  violent  efilervescence  ensues,  and  the  rosin  absorbs  one- 
fSto  of  its  weight  in  water.  It  is  more  friable  than  the  brown  rosin,  but  the 
"8^ter  colour  of  the  yellow  adapts  it  better  to  some  purposes. 

.Resistance,  m  fluids,  is  that  opposition  to  the  motion  of  a  body  which 
T*^  from  the  inertia,  tenacity,  and  friction  of  the  parts  of  the  fluid  in  which 
'^  moves.  If  any  body  move  through  a  fluid  with  a  eiven  velocity,  it  will 
*^ent]y  displace  a  certain  number  of  particles  with  a  given  velocity ;  but  in 
^  giving  motion  to  the  particles  of  fluid)  it  must  lose  a  part  of  its  own,  which 
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loss  of  motion  is  the  effect  of  resistance.  When  a  body  changes  its  ▼elocity,  tbe 
resistance  is  not  changed  in  the  same  proportion ;  for  if  a  body  move  with 
double  its  former  speed,  it  will  manifestly  set  in  motion  twice  as  many  par- 
ticles, and  each  of  these  particles  will  be  moved  with  double  its  fb^er  velocity. 
In  the  same  way,  if  the  velocity  be  tripled,  three  times  the  number  of  particles 
must  be  put  into  motion  with  a  triple  velocity.  Thus  it  appears  that  a  double 
velocity  produces  a  fourfold  resistance,  a  triple  velocity  a  ninefold  resistance, 
that  is,  the  resistance  increases  proportionally  to  the  square  of  the  velocity. 
The  resistance  is  also  increased  in  the  same  proportion  as  the  area  of  the  plane 
immersed ;  it  is  also  increased  as  the  density  of  the  fluid  medium.  If  the  plane 
does  not  move  with  its  face  perpendicular  to  the  direction  of  its  motion,  the 
resistance  will  be  diminished,  both  on  account  of  a  less  surface  being  exposed, 
and  the  oblique  action  of  the  particles  on  the  plane.  From  these  two  caosei 
the  resistance  will  be  diminishea  as  the  cube  of  the  sine  of  the  angle  that  the 
plane  makes  with  the  direction  of  its  motion.  Tlie  resistance  is  the  same, 
whether  the  body  move  in  the  fluid,  or  the  fluid  move  against  the  body.  The 
absolute  resistance  to  a  given  plane,  by  a  fluid  acting  with  a  certain'velocitj 
perpendicularly  to  its  face,  is  equal  to  the  weight  of  a  column  of  fluid,  whose 
base  is  the  plane  and  height  equal  to  that  through  which  a  heavy  body  most 
fall  to  acquire  the  given  velocity :  a  consideration  of  the  law  of  resistance,  i 
limit  to  our  speed  in  navigation,  which  soon  becomes  insuperable. 

RESOLUTION  OF  FORCES,  or  resolufion  of  motion,  is  the  act  of  dividing      ' 
any  single  force  or  motion  into  two  or  more  others,  in  different  directions ;  or 
of  finding  the  quantities  of  two  or  more  forces  or  motions,  which,  taken 
together,  shall  produce  the  same  quantity  of  force  or  motion  with  the  giresi 
one,  and  in  the  same  direction.    This  is  the  reverse  of  Composition  op  Foick^ 
or  Motion  ;  which  see. 

RETARDATION.     The  act  of  checking  or  diminishing  the  velocity  of  ^^ 
body  in  motion.     The  two  grand  causes  of  the  retardation  of  moving  bodied 
are,  the  resistance  of  the  medium  through  which  the  body  moves,  and  the  actioiCB- 
of  gravity.    Some  have  confounded  the  retardation  from  the  resistance,  with  tb^ 
resistance  itself :  and  this  is  not  surprising ;  for,  with  respect  to  the  same  nofTiB^ 
body,  they  are  in  the  same  ratio.   But  it  often  happens,  with  respect  to  diifereo^ 
bodies  in  motion,  that  the  very  same  resistance  will  produce  different  retardstioiitft* 
This  may  be  instanced  in  two  bodies  of  equal  bulk,  but  of  different  deniiitie^ 
moving  through  a  fluid  with  equal  velocities ;   the  fluid  in  this  case  will  wd^ 
equally  on  each,  that  is,  the  resistance  will  be  equal ;   but  it  is  plain  that  tis^ 
retardations  will  not  be  equal ;   for  the  velocities  being  given,  the  denser  My 
will   have  the  greater  momentum,  and,  consequenUy,  will  be  retarded  tb^ 
least. 

RETORT.  A  vessel  of  glass,  iron,  or  vitrified  earth,  used  in  disfiOaior^ 
processes  in  chemistry,  for  which  purposes  they  are  usually  of  a  pear  shapes 
with  a  long  beak ;  but  for  the  preparation  of  illuminative  gas,  and  other  g^^ 
manufactures,  they  are  usually  of  cast  iron,  and  modified  m  a  great  variety  o^ 
ways. 

KEVERBERATORY.    a  furnace  or  oven,  wherein  the  flame,  or  correot  ci 
heated  gases  from  the  fuel,  is  caused  to  reverberate,  or  be  reflected  down  apontW 
substance  under  operation,  before  passing  into  the  chimney :  such  reverbentoriea 
are  therefore  usually  made  with  dome  tops,  against  whicn  the  flames,  &c.  W 
impinge,  and  then  curve  downwards  upon  the  bed  of  the  furnace. 

RHODIUM.  A  new  metal,  discovered  by  Sir  H.  Davy  amongst  crodt 
blatina ;  specific  gravity,  11.  It  unites  easily  with  every  metal  with  which  i 
has  been  tried,  except  mercury :  with  gold  or  silver  it  forms  a  very  mcllesblt 
alloy,  not  oxidated  by  a  high  degree  of  heat,  but  becomes  encrusted  with  a  hiadt 
oxide,  when  slowly  cooled :  one-sixth  of  it  does  not  perceptibly  alter  the  coisir 
of  gold,  but  renders  it  much  less  fusible. 

RICE.  A  hard,  white,  farinaceous,  and  very  nutritive  grain,  which  gr^v* 
in  the  East  and  West  Indies,  and  other  warm  climates ;  it  grows  to  the  he^ 
of  about  2|  feet,  with  a  stalk  not  unlike  that  of  wheat,  but  mller  of  jointSr  in 
with  leaves  resembling  those  of  the  leek.     It  branches  out  into  several  string 
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t  the  top  of  which  the  grain  grows  in  clusters,  and  each  of  them  is  terminated 
rith  an  ear  or  beard,  enclosed  in  a  yellow,  rough  husk.  When  stripped  of  this 
Dugh  coat  and  a  thin  under-skin,  the  grain  is  shown  to  be  of  an  oval  form,  and 
f  a  beautiful  white  colour.  The  native  mode  of  shelling  rice  (or  paddy,  as  it 
I  called  in  the  rough  state,)  in  India,  is  by  placing  it  m  a  large  noUow  stone 
r  mortar,  and  striking  the  loose  grain  with  a  conical  stone  or  pestle,  by  which 
is  constantly  forciblv  pressed  and  disturbed;  and  thus,  by  persevering 
Ibrts,  the  husKs  are  rubbed  off.  This  process  if>,  however,  a  very  tedious  and 
.borious  one,  and  to  remedy  it,  a  variety  of  inventions  have  been  successfully 
itroduced  and  improved  upon.  The  general  practice,  of  late  years,  has  been 
*  employ  millstones  for  depriving  the  paddy  of  the  outer  shell,  the  stones  being 
1  at  such  a  distance  apart  as  will  detach  the  shell,  without  crushing  the  interior 
rain.  The  stonea  are  covered  by  a  hoop  or  case,  which  entirely  encloses  them, 
aving  a  space  all  round  between  the  stone  and  the  hoop  of  about  two  inches. 
'n  the  top  of  the  case  is  fixed  the  hopper,  which  is  filled  with  paddy ;  it  falls 
irongh  a  hole  in  the  bottom  of  the  hopper  into  a  shoot,  and  is  conveyed  into 
le  bole  in  the  centre  of  the  upper,  or  running  stone ;  it  then  falls  through  the 
rms  of  the  cross  before  described,  upon  the  face  of  the  nether-stone,  round 
lie  centre.  The  stones  being  in  rapid  motion,  the  paddy  finds  its  way  between 
he  faces  of  the  two  stones,  which  are  now  supposed  to  be  set  at  about  the 
ength  of  the  grain  apart ;  the  grains  are  carried  by  the  centrifugal  force  from 
he  centre  to  the  extremi^  of  the  stones,  and  thrown  out  in  all  directions  into 
be  case  or  hoop  which  surrounds  the  stones :  in  one  side  of  this  hoop  is  a  hole, 
broagh  which  the  rice  in  this  state  runs  ouL  The  stones  should  be  set,  in  the 
bat  mstance,  with  great  care ;  for  if  tliey  are  too  near,  the  rice  will  be  broken, 
ind  if  too  far  apart,  the  paddy  will  get  through  without  being  touched ;  but 
^bcn  set  at  the  right  distance,  the  husk  will  be  completely  taken  off,  and  the 
ice  not  broken.  One  pair  of  stones  will  husk  from  eight  to  ten  bushels  an 
KNir  with  ease.  The  rice  runs  firom  the  cases  upon  a  fine  sieve,  kept  agitated 
7  the  mills ;   in  passing  over  this,  the  dust  and  sand  are  separated ;   it  then 


^*^ring  upon  an  axis,  and  driven  by  the  engine  in  its  passage  through  the 
T^'tvnt ;  the  husk,  being  much  lighter  than  the  rice,  is  blown  away,  and  the 
1^  falls  into  a  bin  below.  There  is  one  of  these  machines  to  each  pair  of 
r^^  to  separate  the  rice  from  the  husk,  in  its  passage  from  the  stones  to  the 
''f^  ;  this  part  of  the  operation  is  most  completely  peribrmed,  and  keeps  pace 
Itb  the  stones. 

y^te  rice,  in  this  stage  of  the  operation,  is  more  or  less  red,  nothing  more 
l^ig  done  than  the  separation  of  the  husk ;  afler  this,  it  is  taken  to  the 
Staling  machine,  where  the  inside  cuticle,  or  red  skin,  is  detached.  This 
Jl^ehine  consists  of  a  stone  of  coarse  grit,  fixed  on  a  spindle  like  a  grinding- 
^^e;  the  stone  is  enclosed  in  a  box  or  case  made  nearly  to  fit,  leaving  a  space 
"*  round  of  about  an  inch  between  the  stone  and  the  inside  of  the  case :  this 
Jl^  is  made  of  plate  iron,  and  punched  full  of  smaU  holes,  like  a  grater,  with 
■^  rough  side  inwards ;  it  is  so  contrived,  that  the  case  may  go  round  with  the 
|2^,  or  it  may  remain  still  while  the  stone  is  turning.  The  rice  is  put  in 
"^een  the  case  and  the  stone  at  a  sliding  door,  or  opening  in  the  rim ;  the 
^*ee  is  about  two  thirds  filled ;  the  stone  is  then  put  in  very  rapid  motion, 
*^*fang  at  least  250  revolutions  a  minute,  by  a  strap.  The  case  is  allowed  to 
^**Q  very  alowly;  this  changes  the  position  of  the  rice,  and  every  grain  in 
Session  comes  into  contact  with  the  stone,  and,  rubbing  hard  against  each 
*^,  in  accumulation  of  heat  (which  produces  an  enlargement  of  the  grain, 
^  eoDsequently  splits  the  red  skin,)  is  produced,  which  serves  to  loosen  the 
*b;  and  this,  forming  a  red  dust,  finds  its  way  out  of  the  holes  in  the  case, 
M  leaves  the  rice  perfectly  white.  In  the  whole  process,  there  is  little  or  no 
"*M;  for  when  the  stones  are  well  adjusted,  very  few  grains  are  broken,  not 
^Mn^  perhaps,  than  5  per  cent  upon  the  whole,  and  those  very  partially. 

Notwithstanding  the  process  we  have  just  described  has  been  successfully  and 
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advantageously  carried  into  effect,  with  British  macbinervy  in  the  idand  of 
Ceylon,  it  does  not  appear,  from  the  eminent  success  which  has  attended  the 
rice-preparing  establishment  of  Messrs.  Lucas  and  Ewbank  at  Rotherhithe,  near 
London,  where  a  different  process  is  employed,  that  the  former  is  the  best 
possible,  or  the  only  good  plan  of  proceeding.  The  gentlemen  we  have  named 
have-had  several  patents  for  improvements  in  rice-cleaning  machinery;  andtbe 
excellence  of  their  products  has  been  the  cause  of  the  establishment  of  riril 
concerns,  all  of  which  receive  the  rough  rice,  or  paddy,  from  abroad  at  a  con- 
siderable less  import  duty  than  the  clean  rice,  and,  by  preparing  it  for  lale. 
derive,  or  have  derived,  considerable  profits  thereby. 

The  cleansing  of  rice  in  this  country  is  quite  of  modern  introductioD,  and, 
from  its  apparently  growing  importance,  we  shall  here  add  some  account  of  tbe 
processes  recently  patented  for  that  purpose. 

Mr.  Ewbank's  patent  of  1819  informs  us  that  the  rough  ice,  or  paddy,  b  fint 
cleansed  from  dirt  and  other  foreign  matter,  by  passing  it  over  a  screen,  whidi, 
detaining  the  rice,  allow  the  impurities  to  pass  through.  The  paddy  in  tin 
state  is  taken  to  millstones,  set  at  a  proper  distance  apart  to  rub  offtha 
external  shells  or  husks;  the  husks  are  next  blown  away  by  a  fiuiniag 
machine ;  the  rice,  thus  partially  cleaned,  is  then  deposited  in  mortars,  when 
it  i&  beaten  and  triturated  for  depriving  it  of  the  thin  under  pellicles,  or  led 
skin ;  and  when  the  trituration  has  been  carried  far  enough,  the  contents  of  tin 
mortars  are  sifled  upon  a  "  sloping  and  revolving  screen,'*  which  is  ooDDpoad 
of  three  distinct  wire-cloths,  of  different  degrees  of  fineness.  The  finest  under 
cloth  allows  the  dust  or  flour  to  pass  through,  but  detains  the  broken  rice;  tbi 
second  or  middle  cloth  separates  the  broken,  and  detains  the  whole  rice^  w1i3e 
the  coarsest  upper  cloth  allows  only  the  whole  rice,  or  husked  gnin  to  pal 
through,  and  detains  the  unhusked,  which  is  taken  back  to  tlie  mwslones  tobt 
operated  upon  again.  The  rice,  still  but  imperfectly  clean,  is  afterwards  taka 
to  the  polisning  and  whitening  machine,  which  consists  of  two  cylindera  pliod 
concentrically ;  the  exterior  cylinder  is  fixed  or  stationary,  and  the  interior  cat, 
which  is  made  to  revolve,  is  covered  with  sheep-skins  with  the  wool  on,  ai 
stretched  upon  boards,  or  other  framing  with  the  wool  on  the  outside.  Betwia 
these  two  cylinders  the  rice  is  put,  and  the  inner  cylinder  being  made  to  leToln 
(by  the  action  of  a  steam  engine  or  other  prime  mover),  the  nee  is  brushed  Ij^ 
the  constant  friction  of  the  wool,  and  thereby  polished  and  vhitened ;  id  olhi 
words,  brought  to  a  state  fitted  for  the  market 

The  foregoing  comprises  the  substance  of  the  processes  descrflwd  in  lb> 
Ewbank's  speciflcation  of  the  patent  of  1819.  Tne  second  patent,  gm^ 
jointly  to  Messrs.  Lucas  and  Ewbank,  in  May,  1827,  relates  to  certain  impn*^ 
ments  upon  the  former,  and  is  confined  to  a  superior  method  of  tzeatiBgAf 
rice  after  it  has  been  deprived  of  the  external  snell  or  husk  by  the  ufieiili* 
already  described,  or  by  any  other  mode.  This  improvement  is  fbimded  il|li 
the  observation  that  the  thin  under  pellicle,  of  a  reddish  colour,  which  laafl* 
upon  the  grain  afler  it  has  been  shelled,  is  of  a  glutinous  or  gummy  nature^  tf<l 
that  the  beating  or  triturating  of  it  in  the  mortars,  occasioned  the  oMi^ 
become  very  sticky  and  difficult  to  operate  upon  towards  the  close  of  tks  f** 
cess ;  and  tnat  that  portion  of  the  rice  which  had  already  been  stripped  ai  ii 
red  pellicle,  became  injured  in  its  colour  by  continuing  tbe  process  nati  A* 
remainder  in  the  mass  had  also  been  deprived  of  their  red  peludes.  To  arf 
this  inconvenience,  Messrs.  Lucas  and  Ewbank  now  use  successi?^  tta  * 
more  sets  of  mortars,  for  conducting  the  last  operation,  in  this  nuumer :  ^ 
the  ^mmy  or  glutinous  matter  beeins  to  disengage  itself  (whidi  is  immodiiHr 
manifested  by  the  rice  moving  sluggishly  under  the  pesdes),  it  is  to  be  tik* 
out  of  the  first  set  of  mortars,  and  carried  to  a  second  set,  wherein  is  la  ll 
mixed  with  the  rice,  a  quantity  of  the  external  husks  well  dried,  in  the  niy^ 
tion  of  one-fourth  or  two-fifths  in  bulk  to  that  of  the  rice.  The  triturstnifS* 
beating  process  is  then  renewed  upon  this  mixture,  the  dry  husks  mady  aaaitiif 
in  cleaning  and  whitening  the  grain.  After  this  the  mass  is  to  oe  fiuiMdf* 
screened,  to  separate  the  refiise ;  when  the  rice  is  taken  to  the  polishiitf  i 
as  before  described,  which  terminates  the  process.    The  fanning  and  i 
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is  to  be  done  u  ofUn  as  latj  be  found  necenuy,  between  each  triturating  pro- 
ce»,  wbich  may  extend  to  three  or  four  distinct  operations,  according  to  the 
quality  or  state  of  the  rice. 

The  patentees  obierre  in  their  specificatioD,  that  they  eontider  the  stickineM 
of  the  rice  to  be  owing  Co  the  humidity  of  the  climate  of  this  country,  or  to  a 
certain  dampneM  wbich  it  acquires  in  its  royage,  at  the  difficulty  tliey  expe- 
rience bu  not  been  noticed  in  the  riccmills  employed  ID  the  Carolinaa  and 
else  where- 
in the  month  following  the  date  of  the  lait-mentioned  patent,  Mr,  Melril 
Wilson,  a  merchant  of  London,  acting  a*  ao  agent  to  an  American  eorrespon' 
dent,  touk  out  a  patent  for  an  improvement  in  hiukins  rice,  (which  had  pre- 
viouaiy  been  introduced  into  the  United  States,)  ia  iHiich  the  operation  vas 
conducted  simply  by  the  colliiioa  of  the  grains  of  paddy  azainst  each  other. 

The  apparatus  consists  of  a  long  hollow  cylinder,  of  metal  or  wood ;  around 
the  interior  surface  of  which  are  fixed,  at  equal  distances,  and  in  parallel  circlae, 
a  series  of  angular  bars,  projecting  towards  the  centre  or  axis  of  the  cylinder 
this  cylinder  revolves  loosely  on  a  central  shaft,  which  passes  through  it,  and  ia 
provided  with  a  similar  number  of  bars,  pointing  radially  from  the  centre  to  the 
circumference,  and  passing  alternately  between  the  bars  in  the  cylinder,  so  aa 
to  leave  an  inch  free  space  between  them.  Thus  disposed,  the  cylinder  i* 
placed  in  an  inclined  position ;  the  rice  ia  allowed  to  enter  it  at  the  top,  while 
the  cylinder  is  made  to  revolve  with  a  "  slow  motion"  M  one  direction,  the  axis 
moving  at  the  same  time  at  "  a  high  speed,"  and  in  a  contra^  direction; 
consequently,  as  the  rice  passes  throu^  the  cylinder,  the  grain  will  he  coDsi- 
derably  agitated  and  turned  about  j  and  by  that  means  tna  huski  will,  it  ia 
taid,  be  rubbed  off  before  passing  at  the  lower  end  of  the  cylinder. 

To  render  the  construction  of  the  interior  of  Uie  cylinder  perfectly  uadoi^ 
stood,  we  hare  inserted  the  annexed  diagrams. 

Fig.  1  represents  a  plan  of  the  cap  of  the  cylinder, 
not  fixed  thereto,  nor  lu  the  axis,  which  passes  through 
it,  but  to  the  framing  which  supports  the  hopper;  it 
serve),  therefore,  to  guide  the  grain  into  the  cylinder,  and 
to  keep  out  dirt  and  other  adventitious  substances. 

Kg.  2  ti  called,  in  the  speciii cation,  "  a  socket  wheel ;" 
it  is  fixed  directly  under  the  cap  to  the  cylinder,  and  the 
axis  oasses  through  the  socket,  which  eervee,  therefore, 
as  a  bearing  for  both  the  axis  and  the  cylinder,  permit- 
ting them  to  revolve  freely  in  contrary  directions.  For 
the  eoavenience  of  removal,  this  wheel  ii  made  to 
divide  into  two  parts,  as  shown,  which  are  bolted  toge- 
ther when  in  use. 

Fig.  3  gives  a  transverse  section  of  the  cylindet  and 
axis,  each  of  which  being  shown  a*  provided  with  four 
bars,  that  number  being  ^xed  in  each  parallel  circle,  and 
alternately  as  respects  those  on  the  cylinder,  and  thosa 
on  the  axis.  Tins  section  likewise  shows  the  cylinder 
u  made  of  wood  (with  hoops  round  it),  and  that  it  is 
composed  of  eight  distinct  pieces  or  segments ;  on  each 
of  the  eight  segments  is  fixed  a  bneitudinal  row  of 
similar  bars,  though  only  four  (the  number  tn  one  circle,} 
are  brought  into  view,  to  prevent  confiision. 

Fig.  4  is  a  transvene  section  of  one  of  the  before- 
mentioned  bars,  siiowing  that  they  are  of  the  figure  of  a 
quadrangular  prism,  [bat  shape  being  preferred  by  ^e 
patentee  for  the  purpose  in  question. 

^.  S  ia  a  plan  of  the  bottom  of  the  cylinder;  it  ia 
formed  in  part  like  the  socket  wheel,  described  in  Fig. 
2,  but  the  spaces  between  tlie  spokes  are  closed;  in  each 
of  these  compartments  a  large  aperture  is  made  for  the  egreasion  of  the 
which  is  regulated  at  pleasure,  by  sliding  doon  to  eadi,  u  represented. 
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The  cylioder  nay  be  worked  ia  either  a  vertieal,  an  inelined)  f 
■ouUl  poiitioD  ;  and  with  that  view  the  iketcbei  attached  to  the  ^ 
•re  deugned  to  exhibit  a  method  of  altering  the  potition  at  pleamra :  r 
extremitj  of  the  axis  of  motion  appeara  to  b«  retting  on  a  pivot  (no 
the  lower  extremity  is  a  regulating  icrew,  by  which  that  end  mtff  bi 
or  depreued,  at  pleanue.     The  queition  of  toe  b«tt  poaition  of  the  q 


Fig.  6. 


W      *^. 


IF 


however,  decided  by  thapatenlee  himself,  who  prefer*  it  at  an  iDcltoiliH' 
45° ;  we  have  accordingly  thus  placed  it  in  our  drawing,  with  the  «ii 
the  apparattu  for  altering  its  poaition. 

At  fig.  6,  the  machine  ii  ahonn  complete,     as,  ii  Ih*  hnikingQ'' 
(be  axil,  tuniing  in  plumraer  blocka  at  c  c;  on  the  axis  (  it  fiM  ■  * 
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ed  pinion  d;  at « is  a  beveled  wheel,  and  at  /a  fkced  wheel.      Motion 

given  to  the  winch  g,  by  manual  force,  or  other  power,  a  "  high  speed  " 
nreby  oommunicated  to  the  shaft  in  one  direction ;  a  **  slow  motion  "  to 
^linder  in  a  contrary  direction ;  during  which  the  rice,  from  the  hopper 
lown  in  section,)  is  continually  pounng  into  the  top  of  the  cylinoer, 
m  fast  as  it  is  husked,  running  out  at  the  bottom  t.  To  separate  the  chaff, 
1  wheel  may  be  placed  at  h,  which  may  be  actuated  by  a  band  passing 
I  the  cylinder,  or  by  any  other  convenient  means. 

*.  Wilson  took  out  a  second  patent  in  1830  for  *'an  improved  method  of 
ring  and  cleansing  paddy  or  rough  rice,"  which  may  be  briefly  described 
dsisting  of  a  series  of  mortars  with  solid  bottoms  and  sieve  sides;  the  latter 

made  of  wire  gauze,  or  perforated  metal  plates,  strengthened  by  ribs  of 
I  wire.    These  mortars  are  placed  in  a  row,  and  their  contents  operated 

by  a  series  of  pestles  suspended  to  a  revolving  crank  shaft  above,  the 
i  rods  being  guided  in  their  action  by  a  suitable  frame  underneath,  sliding 
^n  upright  standards  which  support  the  crank  shaft.  The  intention  of 
'sieve -sides"  to  the  mortars  is,  that  the  rice  may  pass  through  as  soon 

is  cleaned,  so  as  not  to  be  heated  by  the  subsequent  operation  of  the 
ss. 

e  shall  mention  one  more  patent,  which  was  recently  granted  to  Mr. 
I,  of  Liverpool,  for  the  same  object  Instead  of  a  pair  of  millstones  for 
irst  operation  of  shelling,  the  specification  of  this  patentee  directs  the 
oyment  of  one  mill-stone,  and  what  we  will  take  leave  to  call  <me  miW-tcood 
redsely  similar  figure  to  the  stone),  and  between  these  two  substances  the 
y  is  to  be  milled  in  the  same  manner  as  between  two  stones.  The  second 
ttion  of  taking  off  the  thin  pellicle  is  to  be  performed  by  rubbing  the  grain 
een  the  flat  surfaces  of  two  wooden  runners,  which  are  covered  with  sheep- 
with  the  wool  on.  But  Mr.  Sliiel's  mode  of  applying  the  sheep-skins  is 
"ent  to  Mr.  £wbank*s,  before  described ;  the  wool  being  placed  by  Mr.  Shiel 
to  the  surface  of  the  runners,  so  that  the  rice  is  operated  upon  by  the  flesh 

of  the  skins,  and  owing  to  the  springiness  of  the  wool  underneath,  the 
1  receives  an  elastic  pressure,  which,  in  effect,  is  a  very  close  approximation 
e  primitive^  we  may  almost  say  natural,  process  of  rubbing  it  between  the 
i  of  the  hiuids. 

IFLE.    The  name  given  to  a  fire-arm  from  the  peculiar  construction  of  its 
if  which  is  cut  internally  into  long  spiral  grooves,  and  usually  make  but 
iVfBlntioii  throughout  its  length. 
[GGSR.     A  cylindrical  pulley;    known  also  by  the  term  drum,  in 


[GOING.  A  general  name  given  to  all  the  ropes  employed  to  support  the 
I,  nd  to  extend  or  reduce  the  sails,  or  arrange  them  to  the  disposition  of 
rmd. 

iOIDITY.  A  term  which  implies  the  opposite  qualities  to  flexibility,  plia- 
,  ductility,  malleability,  &c.,  and  is  usually  defined  to  be  that  degree  of 
lesi  which  arises  from  the  mutual  indentation  of  the  component  particles 
Q  one  another. 

)AI>S.  The  subject  of  this  article  opens  to  us  so  vast  a  field  of  inquiry, 
rical,  philosophical,  and  mechanical,  that  it  is  impossible  to  do  justice  to  its 
rtan^  within  the  limits  prescribed  to  us.  To  the  curious  explorer  of  ancient 
ds,  a  search  into  the  history  of  roads,  from  the  earliest  ages  of  antiquity, 
i  repay  his  utmost  labour ;  while  to  the  philosopher,  it  o&rs  ample  scope 
seditation  and  reflection :  the  theorist  may  speculate  on  the  influence, 
I  and  political,  exercised  by  facility  of  communication  between  distant 
bers  of  the  same  body-politic ;  and  the  sound  reasoner  find,  in  the  opening 
lod  roads  alone,  data  op  which  to  base  a  true  estimate  of  the  progress  of 

ty. 

lads  may  be  described  as  both  the  cause  and  effect  of  civilisation :  the 
itioB  of  roads  invariably  tending  to  improve  the  most  barbarous  district,  to 
e  its  resources,  and  civilize  its  people;  while,  on  the  other  liand,  the 
nal  communications  of  a  country  afford  the  surest  proof  of  her  prosperity ; 

L.  II.  4  p 
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and  her  roads,  the  infallible  signs,  because  the  certain  consequenret,  of  \\^m 
civilisation.  *'  Let  us  travel,"  says  the  Abbe  Raynal,  "over  all  the  countries c«» J 
the  earth,  and  wherever  we  find  no  facility  of  travelling  from  a  city  to  a  towrft.a 
or  from  a  village  to  a  hamlet,  we  may  pronounce  the  people  to  be  barbarians.  ^ ' 
**  The  making  of  roads,"  observes  Sir  Henry  ParneD,  m  his  admirable  Treatis^-^ 
**  in  point  of  fact,  is  fundamentally  essential  to  bring  about  the  first  change  tha.c^ 
every  rude  country  must  undergo,  in  emerging  from  a  condition  of  poverty  an €2 
barbarism." 

The  beneficial  effects  resulting  from  an  easy  communication  between  different 
parts  of  a  country,  are  productive  of  luxury  to  the  rich,  wealth  to  the  merchaax, 
employment  to  the  poor ;  by  all  felt,  because  by  all  enjoyed ;  and  because  the 
conveniences  of  life,  thus  brought  to  the  mansion  and  the  cottage,  tend  naturally 
to  ameliorate  the  condition  of  man,  and  to  raise  the  standard  of  society.  Bat 
it  is  by  a  comparison  between  the  countries  where  good  roads  are  plentiiul, 
and  those  where  they  are  scarcely  to  be  found,  that  their  effects  are  most  vividly 
illustrated.  Let  us  compare  the  state  of  England, — estimated  to  possess  above 
20,000  miles  of  turnpike  road,  and  100,000  miles  of  roads  not  turnpike, — witb 
Ireland,  rich  in  all  the  elements  of  commercial  greatness,  yet  wanting  the  tame 
means  of  transit  and  intercourse.  Contrast  the  condition  of  a  district  of  Ireland 
before  and  after  the  formation  of  some  new  roads,  as  given  in  Mr.  Kelly's 
evidence  before  a  Committee  of  the  House  of  Commons: — *' At  Abbeyfeale  and 
Brosna,  above  half  the  congregation  at  mass,  on  Sundays,  were  barefoot  ind 
ragged,  with  small  straw  hats  of  their  own  manufacture,  felt  hats  being  worn 
omy  by  a  few.  Himdreds,  and  even  thousands  of  men  could  be  got  to  work  at 
sijcpence  a  day,  if  it  had  been  offered.  The  condition  of  the  people  is  now  very 
different ;  the  congregations  at  the  chapels  are  now  as  well  clad  as  in  other 
parts ;  the  demand  for  labour  is  increased,  and  a  spirit  of  industry  is  getting 
forward,  since  the  new  roads  became  available"  Again,  on  the  occasion  of  some 
new  roads  being  opened  in  the  year  1824,  by  Mr.  Nimmo,  the  eminent  engi- 
neer : — "  A  few  years  ago,  there  was  hardly  a  plough,  car,  or  carriage  of  sny 
kind ;  butter,  the  only  produce,  was  carried  to  Cork  on  horseback.  There  vjs 
not  one  decent  public-house,  and  only  one  house  slated,  or  plastered,  in  the 
village  ;  the  nearest  post-office,  30  miles  distant.  Since  the  new  roadwat  SM^r 
there  were  built  in  three  years,  upwards  of  twenty  respectable  two-stniy  hoosA 
slated  and  plastered,  with  good  sash  windows;  a  respectable  shop,  with  dodi* 
hardware,  and  groceries ;  a  comfortable  inn,  a  post-office,  bridewell,  and  a  neW 
chapel ;  a  quay,  covered  with  lime-stone  for  manure,  a  salt-work,  two  stores  fbr 
purchasing  oats,  and  a  considerable  traffic  in  linen  and  yam.*'  The  following 
passage  of  Mr.  Telford's  evidence  on  the  effects  of  the  formation  of  new  roadf 
in  the  Highlands  of  Scotland,  is  well  worth  transcribing: — "The  moral  habits o^ 
the  great  mass  of  the  working  class  arc  changed.  They  see  they  can  depend 
on  their  own  exertions  for  support.  This  goes  on  silently,  and  is  scarcely  pef* 
ceived  until  apparent  by  their  results.  I  consider  these  improvements  one  of 
the  greatest  blessings  ever  conferred  on  any  country.  About  200yOOOiL  has  been 
expended  in  fifteen  years.  It  has  been  the  means  of  advancing  the  coontiy  s' 
least  '  a  hundred  years.'  "  Extracts,  like  the  above,  might  be  multiplied  amti^ 
infinitely,  were  it  necessary  to  adduce  proofs  of  the  advantages  and  influence'^ 
roads.  In  this  day  of  enlightenment,  it  is,  however,  we  are  persuaded,  a  work 
of  supererogation ;  and  we  doubt  not  that  the  hearts  of  our  readers  will  cor^ilfr 
respond  to  the  following  sentiment,  as  embodying  all  that  can  be  wished  oo  ^ 
subject : — "  Next  to  the  genial  influence  of  tlie  seasons,  upon  which  the  regaitf 
supply  of  our  wants,  and  a  great  portion  of  our  comfort,  so  much  depends,  tN^ 
is  perhaps  no  circumstance  more  interesting  to  men,  in  a  dvilized  stats,  t^ 
the  perfection  of  the  means  of  interior  communication." 

In  treating  on  this  important  subject,   we  propose  to  adop  the  (oHof^ 
arrangement: —  ■'- 

First.     A  slight  sketch  of  the  history  of  roads. 

Secondly.    The  method  of  surveying,  tracing,  and  laying  out  extennve  B*^ 
of  road. 

Thirdly.     Road-making,  embracing  some  consideration   of  its  priodp!^* 
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inage,  slopes,  cuttings,  and  embankments ;    the   value  and  proper  use  of 
erent  kinus  of  material. 

knd  lastly.     Some  account  of  patents  taken  out  by  ingenious  mdividuala 
improvements  on  roads. 

history, — We  are  but   little  acquainted  with  the  municipal  affairs  of  the 
^eks,  and  other  nations  who  in  early  times  inhabited  the  shores   of  the 
diterranean  ;   considerations  on  their  means  of  intercommunication,  there* 
5,  must  be  of  necessity  conjectural.     We  are  told,  however,  that  the  senate 
Ithens  watched  over  the  state  of  the  public  roads;  and  that  the  Lacedemo- 
as  and  Thebans  confided  the  care  of  them  to  eminent  men ;  but  no  remains 
bese  works  have  reached  the  present  day,  to  enable  us  to  judge  how  these 
Inent  persons  discharged  the  duties  entrusted  to  them.     The  magnificent 
"ks  which  the  Greeks  have  bequeathed  to  us,  bear  testimony  to  the  grandeur 
heir  genius,  and  the  refinement  of  the  most  elegant  taste.     They  command 
admiration,  and  will  ever  excite  the  wonder,  of  posterity.     That  the  roads 
1   highways  of  such  a  people    were   unworthy  of  them,  may  perhaps  be 
ibated  to  the  limited  extent  of  their  territory,  and  to  the  absence  of  com- 
rcial  enterprize.     The  Persians  and  Egyptians  attained  to  a  very  high  state 
aviljsation,  and  their  public  works  were  on  a  scale  of  gigantic  magnitude, 
airing  a  concentration  of  resources  scarcely  attainable  without  the  facilities 
;ood  roads  :  but  it  remains  for  some  future  Belzoni  to  discover,  amidst  the 
oldering  mummy-dust  of  the  Pyramids,  the  hieroglyph ical  reports  of  some 
jrptian  Board  of  Trust.     It  is,  however,  to  a  commercial  people,  that  posterity 
oidebted  for  that  improvement  in  the  construction  of  roads,  which  endures 
n  to  the  present  day.     To  the  Carthaginians  is  generally  attributed  the 
'ftntion  of  paved  roads ;  and  the  readiness  of  the   Romans  to  follow  the 
unple  of  the  rival  state  does  honour  to  the  Roman  name.     The  insatiable 
kbitioD  of  Rome  led  her  to  grasp  the   sovereignty  of  the  world ;  and  her 
pons,  ever  victorious,  extended  their  conquests  to  the  utmost  limits  of  the 
rth.    Happy  was  it  for  the  barbarous  nations  who  sunk  under  her  resistless 
ike,  that  civilisation  and  the  arts,  following  the  armies  of  the  conquerors, 
i^ved  the  condition  of  the  conquered,  and  in  some  measure  recompensed 
ma  for  the  loss  of  their  freedom.     The  wise  policy  of  the  Romans  taught 
MB  to  lay  open  the  subdued  countries  bv  roads,  which  might  afford  an  easy 
M)dft  of  transport  for  their  troops  and  supplies.    In  accordance  with  this  design, 
M^  constructed  the  great  roads,  known  to  us  as  the  Via  Appia,  extendmg 
^  Rome  to  Brundusium,  about  300  miles ;  the  Via  Aurelia,  leading  from 
)ft  Aurelian  gate  to  Milan,  the  key  to  Gaul  and  the  North   of  Europe ;   the 
^ii  Flaminia,  and  others,  varying  in  extent  and  importance,  but  forming  im- 
Jttue  trunks,  or  main  lines,  from  which  branches  ramified  in  every  conceivable 
ifvetioo.     In  Italy  alone  this  great  people  constructed  above  14,000  miles  of 
Xdi.    Under  Augustus  were  completed  the  great  roads,  with  which  Gaul  was 
^*ty  where  intersected.     Of  these  roads  a  writer  in  the  French  Encyclopaedia, 
■w  the  head  "  Chemin,"  observes,  "  Four  of  these  are  remarkable  for  their 
*)gtb,  and   the   difficulty   of  the  country ;  one  traversed  the  mountains  of 
^Qveigne,  and  penetrated  to  the  bottom  of  Aquitaine;  another  was  extended 
^  tke  Rhine  at  the  mouth  of  the  Meuse,  and  followed  the  course  of  the  river 
*  dM  German  Ocean ;  the  third  crossed  Burgundy,  Champagne,  and  Picardy, 
^  ended   at  Boulogne>sur-Mer ;   the  fourth   extended   along    the    Rhone, 
if^Kd  the  bottom  of  Languedoc,  and  terminated  at  Marseilles :  from  these 
'I'leipa]  roads  there  were  numberless  branch  roads,  leading  to  Treves,  Stras- 
^  Belgrade,  &c."     In  Britain  some  remains  of  the  Roman  roads  are  yet 
lUne ;  at  Chester,  the  Castrum  of  the  Romans,  remnants  of  the  old  Roman 
^^^ent  are  frequently  discovered,  when  the  superincumbent  soil,  of  several 
^  deep,  has  been  removed.     In  Scotland,  a  portion  of  Roman  causeway  may 
^  be  seen  leading  from  Musselburgh  Bay  to  Abercorn,  or  the  Frith  of  Forth. 
Hie  Roman  roads,'*  says  Mr.  Tredgold,  *'  ran  nearly  in  direct  lines  ;  naturaj 
>itractions  were  removed  or  overcome  by  the  efforts  of  labour  or  art,  whether 
|9  consisted  of  marshes,  lakes,  rivers,  or  mountains.     In  flat  districts  the 
iodle  part  of  the  road  was  raised  into  a  terrace. 


596  ROADS. 

« In  mountainous  distrioU,  the  roads  were  alternately  eut  throueh  moun- 
tains and  raised  above  the  valleys,  so  as  to  preserve  either  a  level  Ime,  or  i 
uniform  inclination.  They  founded  the  road  on  piles,  where  the  ground  wy 
not  solid,  and  raised  it  by  strong  side  walls,  or  by  arches  and  piers,  where  it  vis 
necessary  to  gain  elevation.  The  paved  part  of  the  great  military  roadi  ni 
IG  Roman  feet  wide,  with  two  side  ways,  each  8  feet  wide,  separated  from  the 
middle  way  by  two  raised  paths  2  feet  each."  At  every  mile,  columns  were 
erected  to  mark  the  distance  from  place  to  place ;  blocks  of  stone  for  foot  ,tn- 
vellers  to  rest  on,  and  for  horsemen  to  mount  their  steeds  with;  temples,  tn- 
umphal  arches,  and  mausoleums  adorned  them,  and  military  stations  oefended 
and  commanded  them.  By  the  formation  of  these  great  highways,  an  impnlie 
was  given  in  Britain  to  the  national  industry.  The  genius  of  the  Britiili 
people,  essentially  commercial,  hastened  to  avaU  itself  of  the  facilities  (limited 
as  they  were)  for  intercourse  and  traffic ;  and  we  may  fairly  attribute  to  tbe 
conquest  of  Britain  by  tiie  Romans,  her  present  commercial  superiority. 

On  the  continent  the  Italians  have  not  degenerated  in  thu  respect  Hie 
roads  are  still  exceedingly  good,  and  tlie  people  display  both  taste  and  judgmat 
in  their  preservation.  The  pass  of  the  Simplon  over  the  Alps,  will  ever  remain 
a  noble  monument  to  the  genius  of  Buonaparte,  the  talents  of  his  militir; 
engineers,  and  the  persevering  industry  of  ^the  French  soldiers. 

The  highways  of  France,  called  Chauss^es,  usually  take  the  straight  line  if 
direction,  without  much  regard  to  the  line  of  draught  The  breadth  varies  frosi 


-prepared  bottom.  On  each  side  are  bridle  roads.  Uniformity 
tion  u  httle  attended  to,  and  the  observing  traveller  is  surprised  to  see,  wkn 
toiling  over  hills  and  hollows,  how  small  a  deviation  would  have  obtaiiied  tbe 
advantage  of  perhaps  a  perfect  level. 

The  roads  in  France  are  under  the  management  of  the  department  Pmh  d 
ChatusSea,  the  funds  for  their  maintenance  being  voted  by  the  Chambcn  ai  s 
part  of  the  national  expenditure.  The  sum  voted  in  the  year  1830  m 
1,800,000/.  "Notwithstanding,  however,"  observes  Sir  Henry  Parad^  "tltf 
attention  which  has  been  paid  to  the  roads  in  France,  the  actual  state  of  thcs^ 
with  regard  to  their  number,  extent,  and  condition,  is  evidence  of  the  system^ 
management  bein^  extremely  imperfect"  With  the  exception  of  those  ptfl^ 
of  the  main  roadi*  leading  from  Paris,  which  are  paved,  the  roads  are  weak  «i 
rutted.  In  those  districts  where  they  are  repaired  with  gravel,  thev  an  alflMk 
impassable  in  winter ;  the  dUt^ences,  with  six  horses,  can  with  difiSenlty  titfd 
four  miles  an  hour.  In  other  districts,  where  the  roads  are  harder,  thtnii 
seldom  to  be  seen  a  road  with  a  smooth  surface,  and  of  auffident  stnag^ 
There  are  very  extensive  tracts  of  the  kingdom  wholly  without  any  regsili^ 
formed  roads ;  and,  therefore,  however  valuable  the  cm>rts  of  the  ttatesBMi  * 
France  may  have  been  in  carrying  the  progress  of  road-making  to  the  poiit  i^ 
which  it  has  arrived,  there  is  still  wantine  some  new  plan  of  lcgisla|i«i  ^ 
which  good  roads  may  be  made,  not  only  from  one  town  to  another,  boti 
and  through  every  commune  in  France." 

The  funds  for  the  maintenance  of  roads  in  Spain  are  derived  ptftiy 
tolls,  and  partly  from  local  taxes.  The  average  annual  expenditure  maf 
roughly  estimated  at  90,000/.  The  disturbed  state  of  the  country  for  so  — 
years,  has  rendered  it  impossible  for  the  inhabitants  to  forward  those 
works  in  whicli  other  countries  have  been  hapnily  engaged  since  the  relua 
peace.  Her  roads,  then,  as  may  be  expectea,  are,  as  in  Portugal*  cie 
The  main  roads  leading  from  both  Madrid  and  I^bon,  are,  for  a  few 
tolerably  good ;  the  roads,  also,  in  Catalonia,  are  both  numerous  and  weD  kcpir 
but  these  are  exceptions : — the  general  character  of  the  intemid  commiuuetlif' 
is  worse  than  in  any  of  the  other  continental  states. 

In  Germany  the  roads  are  paved  similarly  to  the  French  Chanisf  et ;  botsf 
little  attention  is  paid  to  the  preparation  of  the  bed  of  the  road  by  ^nxim^ 
draining  the  subsoil,  and  rendering  it  firm  for  the  reception  of  the  read  lMl^ 
rial,  they  are  miserably  bad,  and,  in  many  parts,  almost  impaMable.    1^ 
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m  the  contrarv,  take  great  pains  with  their  roads,  careAilly  prepare  the 
on,  and  then  fay  tliem  with  thin  bricks,  bedded  in  lime ;  on  these  roads 
s  run  very  smoothly,  and  even  ordinary  market  carts  travel  with  con- 
»  speed.  The  roacfs  are  generally  straight,  with  a  ditch  on  each  side, 
ited  with  rows  of  trees. 

reden  the  roads  are  well  made,  and  the  principal  ones  equal  to  the  good 
I  £ngland.  l*he  materials  are  readily  obtained,  good  rock  being  plen- 
1  this  well  broken,  and  laid  on  to  a  con^ideraUe  thickness,  has  formed 
I  smooth  roads  throughout  the  Swedish  territory. 
ussia  and  North  America,  though  but  little  has  yet  been  done  in 
the  country  and  forming  good  lines  of  roads,  that  little  has  proceeded 
cC  principles ;  but  much,  of  course,  remains  to  be  done  to  render  tra- 
ana  the  transportation  of  goods  in  those  countries,  either  convenient 

are  thus  rapidly  glanced  at  the  history  of  roads,  from  the  early  ages  to 
ent  day,  in  an  extended  sense,  as  applicable  to  roads  on  the  continent, 
IS  in  Britain ;  it  is  due,  however,  to  our  native  country,  to  give  a  some- 
ire  detailed  account  of  the  progress  of  the  highways  of  ^gland,  and 
gradual  improvement,  until  their  arrival  at  their  present  state. 
peruse  the  history  of  this  country,  from  the  departure  of  the  Romans 
levolution  of  1688,  we  shall  feel  little  surprise  that  our  ancestors,  per- 
harassed  by  foreign  invasions,  or  intestine  commotions,  should  have 
t  little  to  improve  their  internal  communications.  Down  to  the  middle 
igfateenth  century,  merchandise  was,  in  some  parts  of  the  country,  car- 
pack-horses  on  roads  little  better  than  foot-patns,  or  well-beaten  sheeyH 
Until  the  year  1285  the  government  seems  to  have  taken  no  steps  to 
the  evil;  the  first  act  was  then  passed  relating  to  roads.  In  1346, 
III.  was  empowered  to  levy  a  toll  on  carts  or  carriages,  travelling  from 
's-in-the-Fields  to  Temple  Bar.  In  the  reign  of  Henry  VIII.  the  first 
ittempt  was  made  at  improvement,  by  an  act,  allotting  to  parishes  the 
he  roads  passing  through  them,  and  appointing  an  annual  election  of 
feyors.  The  funds  were  obtained  from  a  pound  rate  levied  on  the 
ers,  and  assistance  in  labour  was  enforced.  In  1653  was  passed  the 
Siarles  II.,  establishing  the  first  turnpike-road ;  and  from  that  time  to 
mt,  an  immense  nuinfaKer  of  similar  acts  have  obtained  the  sanction  of 
bUore.    The  result  has  been,  the  formation  of  the  numerous  trusts,  or  i 

ions,  under  whom  has  been  effected  the  present  improved  condition  of  { 

pike-roads. 

[tk  the  system  of  legislation  may  be  imperfect,  and  often  mischievous, 
igement  faulty,  and  the  principles  of  road-making  but  little  understood,  I 

on,  yet  we  cannot  look  back  on  roads  a»  theyioere,  without  feeling  suf-  | 

thankfiil  for  roads  as  they  are. 

mff,  and  lawng  out  a  line  of  road, — ^The  first  duty  of  an  engineer,  on 
ipioyed  to  lay  out  a  line  of  road,  will  obviously  be  to  make  a  careful 
euunination  of  the  country  between  the  respective  termini.  *'  It  may 
lovn  as  a  general  rule,"  says  Sir  H.  Pamell,  "that  the  best  line  of  road 
any  two  points  will  be  that  which  is  the  shortest,  the  most  level,  and 
pest  of  execution ;  but  this  general  rule  admits  of  much  qualification : 
m  many  cases,  be  governed  by  (the  comparative  cost  of  annual  repairs, 
present  and  future  traffic  that  may  be  expected  to  pass  over  the  road ; 
ibttructious,  also,  such  as  hills,  vallejrs,  and  rivers,  will  intervene,  and 
ly  render  it  necessaiy  to  deviate  fitnn  the  straight  tine."  In  accordance 
le  views,  the  engineer  will  select  the  most  digible  lines,  and  entrust 
A  experienced  surveyor,  who  will,  with  the  requisite  instruments,  take 
Is,  and  make  an  accurate  survey  of  the  country.  The  memoranda  of 
books  are  to  be  carefully  transferred  to  paper,  protracted  and  laid 
a  sofificiently  large  scale,— say  66  yards  to  the  inch  for  the  ground 
1 30  feet  to  the  inch  for  a  vertical  section.  The  plan  should  contain 
Miy  information  to  enable  the  engineer  to  form  a  correct  estimate  of 
ible  expense  of  the  work.    On  the  vertical  section  should  be  marked 
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the  horizontal  distances  in  miles,  and  the  vertical  heights  in  feet  The  gradieata 
should  be  laid  on  by  the  engineer  himself,  and  great  care  taken  to  preserve  ih^ 
requisite  inclinations,  and  a  due  balance,  as  far  as  practicable,  of  cuttingn  and 
emoankments.  Calculations  should  be  made  of  the  quantity  of  cubic  yards  o 
earth  to  be  moved  ;  the  nature  of  the  dificrent  strata  ascertained,  to  determine 
the  inclinations  at  which  the  slopes  will  stand ;  and  borings  made,  to  tn'  tiM 
depth  of  the  peat  in  morasses. 

Proceeding  in  this  way,  upon  sure  grounds,  the  skilfid  engineer  will  trace  oat; 
and  carry  into  effect,  the  greatest  works  upon  the  most  economical  scale.    In 
passing  over  hills,  it  is  frequently  necessary  to  quit  the  straight  line,  to  arotd 
too  steep  an  inclination  ;   for  it  should  be  observed,  that  whenever  the  inclina- 
tion exceeds  1  in  35,  a  loss  of  speed  or  increase  of  danger  must  inevitably  resolL 
If,  then,  it  be  advisable  to  leave  the  true  line  of  direction,  to  preserve  the  be« 
line  of  draught,  it  will  become  matter  of  consideration  and  calculation  hov 
nmch  the  length  will  be  thus  increased.      *'  The  great  /ault  of  all  roads^" 
observes  Sir  H.  Parnell,  "  in  hilly  countries,  is,   that  after  they  ascend  for  a 
considerable  height,  they  constantly  descend  again  before  they  gain  the  suninut 
of  the  country  wliich  they  have  to  traverse,     in  this  way  the  number  of  feet 
actually  ascended  is  increased  many  times  more  than  is  necessary,  if  eadi 
height,  when  once  gained,  were  not  lost  again."      As  in  crossing  a  range  d 
hills,  it  is  essential  to  carry  the  road  over  the  lowest  parts;    so  in  passing i 
valley  or  ravine,  the  highest  point  should  be  chosen :  the  cuttings  in  the  one  cue, 
and  the  embankments  in  the  other,  will  thus  be  reduced  to  the  minimum.  Tiis 
late  Mr.  Telford  erected  several  works  of  great  magnitude  for  avoiding  eirti 
embankments  of  too  great  extent.     The  road  was  carried,  by  means  of  higb 
arches  of  masonry,  over  deep  ravines  or  valleys :  of  this  description  is  the  bridg* 
over  the  Mouse  Water,  at  Cartland  Craigs,  on  the  Lanark  road;  the  bridge  over 
Birkwood  Bum,  on  the  Glasgow  road;  and  the  celebrated  bridge  over  the  Meiui 
Straits,  in  North  Wales. 

In  passing  over  marsh,  or  other  low  land,  care  should  be  taken  to  raise  tlie 
surface  of  the  road  well  above  the  adjacent  country  :  it  nmat  ever  be  borne  n 
mind,  that  not  only  is  it  necessary  that  the  moisture  of  the  sub-soil  be  carried 
off  by  drainage,  but  that  the  surface  of  the  road  be  completely  exposed  to  Ai 
action  of  the  sun  and  the  wind.  The  most  superficial  observer  will  1»^ 
noticed,  that  those  parts  of  a  road  shaded  and  overhung  by  trees,  are  alwajisii 
a  worse  condition  tnan  those  on  which  the  sun  and  wind  meet  no  obstmcMBt 
and  that  roads  open  to  the  agency  of  sweeping  currents  of  air,  dry  after  vH 
weather  in  an  inconceivably  short  space  of  time. 

Besides  the  causes  for  deviating  from  the  straight  line  which  have  abo^ 
been  mentioned,  are  the  more  subordinate  ones  of  towns,  ornamental  propcf^i 
&c.  These  arc  cases  which  are  certainly  sometimes  of  much  importance,  iv 
will  deserve  the  consideration  of  the  engineer  ;  but  too  much  weight  should  D0t^ 
attached  to  them,  and  the  ultimate  object  for  which  the  road  is  constructed  show 
never  be  lost  sight  of.  Let  it  be  supposed  that  a  road  is  to  be  formed  froa  As 
city  of  A  to  the  town  of  B  :  if  C  is  situated  on  the  right  of  the  line  of  diredi(B» 
it  will  be  matter  of  commercial  calculation,  whether  the  increase  of  titfr 
gained  by  carrying  the  road  through  C  will  counterbalance  the  loss  of  time  tf* 
speed  consequent  on  such  deviation.  With  respect  to  passing  through  ptf^ 
demesnes,  &c.,  the  circumstances  will  vary  so  infinitely,  that  it  ia  impoaaUe^ 
give  any  rules  on  the  subject :  it  may,  however,  be  fairly  observed,  that  wW* 
ever  apparent  advantages  may  accrue  Gcom  towns,  if  the  acclivities  of  aroadtf^ 
increased,  and  the  line  of  draught  injured  by  deviations  to  pass  through  \^ 
the  result  must  be  injurious  in  the  end ;  and  that,  necessary  and  just  as  ii  ^ 
protection  of  private  property,  it  should  never  be  suffered  to  interfere  "f^^^ 
public  good  ;  '*  for  let  it  be  remembered,  that  society  is  formed  for  the  mBta* 
and  general  benefit  of  the  whole,  and  it  would  be  a  very  unjust  measure  to  is* 
commode  the  whole  merely  for  the  convenience,  or  perhaps  the  caprice^  • 
an  individual,"  (Bateman,) 

As  the  methods  of  levelling  and  surveying  for  a  line  of  roads  art  ^ 
generally  known,  we  propose  to  conclude  this  part  of  our  8ul>j?'ct  (though  o** 
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donging  to  the  article  Surveying),  with  a  brief  account  of  the 
I  used,  aiid  the  methods  adopted  in  such  cases.  The  levek  may  be 
r  with  a  level,  or  a  theodolite.  Ciravatt's  improved  levels,  made  by 
and  Sims,  are  most  beautiful  instruments,  and  may  be  relied  on  for 
their  adjustments.  The  line  to  be  taken  being  made  known  to  the 
le  staff  is  held  by  an  assistant  at  the  point  from  which  it  is  proposed 
ce ;  the  surveyor  then  places  the  instrument  at  a  convenient  distance 
)er  direction,  and  having  adjusted  it  to  the  line  of  collimation,  or 
ves  and  notes  down  the  reading  on  the  staff  called  the  Back  Station  ; 
as  to  the  staff-holder  (if  two  are  not  employed),  to  take  up  a  fresh 
^ond  the  instrument,  where  a  similar  operation  is  performed,  called 
d  Station ;  the  instrument  is  then  moved  on  to  a  situation  on  the 
id  beyond  the  staff,  the  same  adjustments  are  made,  and  reading  on 
»ticea  as  before  ;  and  in  this  manner  the  inequalities  of  the  ground 
y  obtained.  From  the  columns  in  the  field  books  termed  Back  and 
n,  are  derived  the  '*  Reduced  Levels,"  which  laid  down  on  paper,  with 
es  from  station  to  station,  give  the  vertical  section  before  alluded  to. 
d  of  making  a  survey  is  so  clearly  explained  in  Mr.  F.  Sims's  useful 
iite  on  Mathematical  Instruments^  that  we  shall   give  the  passage 

a  survey  is  to  be  made  for  the  purposes  of  a  line  of  railway  or  turn- 
it  is  necessary  to  delineate  not  only  the  fields  through  which  it  is 
ed  the  line  would  pass,  but  also  one  or  more  fields  on  each  side,  to 
of  fiill  one  hundred  yards,  for  the  purpose  of  admitting  hereafter,  if 
m  alteration  to  that  extent  at  any  point  on  the  line.  The  instrument 
ployed  on  such  surveys  is,  the  prismatic  compass,  or  else  a  circum- 
gether  with  a  land  chain, 
cute  a  survey  of  this  kind,  supposing  the  line  to  have  been  previously 

surveyor  must  set  up  his  compass  at  one  extremity  of  the  work,  and 
aring  of  some  distant  object  situated  in  the  direction  of  the  intended 
vay  or  road ;  having  done  which,  and  entered  it  in  his  field  book,  he 
lence  chaining  in  that  direction,  taking  ofisets  to  the  fences  of  the 
every  remarkable  object  within  a  short  distance  to  the  right  and  left 
;  he  must  also  note  the  point  at  which  his  chain  crosses  the  various 

at  the  same  time  and  place  set  up  his  compass  to  observe  the  bearing 
ices,  or,  in  other  words,  the  angle  their  direction  makes  with  the 
this  angle  is  at  once  given  by  the  compass,  and  furnishes  data  for 
n  their  position  with  regard  to  the  main  line  which  crosses  them,  but 
ietermine  their  respective  lengths ;  the  surveyor  must  therefore 
ong  the  side  of  each  fence,  both  to  the  right  and  left  of  the  point  at 
rosses  it,  till  he  comes  to  their  extremity,  or  the  points  where  such 
I  the  other,  or  side  fences  of  the  field ;  these  now  become  known  or 
I,  from  whence  the  bearing  of  every  fence  which  diverges  from  this 
«n,  giving  the  means  of  laying  down  their  several  directions  on  the 
n. 

surveyor  should  require  to  represent  the  boundaries  of  the  fields 
itill  more  remote  from  his  main  line,  he  must  similarly  measure  the 
I  curves  of  the  fences  he  has  previously  taken  the  bearings  of ;  and 
the  bearings,  &c.  of  others,  till  he  possesses  sufficient  (£tta  for  liis 
ut  he  will  occasionally  find  it  more  convenient  to  measure  secondary 
es  branching  from  tne  main  line  which,  by  crossing  a  number  of 
i  80  many  fuced  points  to  take  bearings  from,  as  frequently  to  reduce 
materially,  both  in  the  field,  and  afterwards  in  plotting  the  work. 
^  proceeded  onward  with  the  measurement  of  his  first  main  line,  as 
be  convenient  for  his  purpose,  and  also  completed  the  measurements 
therefrom,  the  surveyor  must  again  set  up  his  compass  at  the  point 
rishes  to  change  the  direction  of  his  course,  or  commence  a  second 
when  having  taken  the  bearing  of  some  natural  conspicuous  object  in 
d  direction,  he  must  proceed  to  measure  such  second  line,  and  all  its 
dimensions,  in  the  same  manner  as  before,  completing  as  much  as 
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possible  all  the  minor  measurements  depending  on  each  main  line  before  lie 
commences  a  new  one. 

"  Such  is  the  general  method  of  procedure ;  but  aa  every  thing  depends  npoo 
the  experience  and  tact  of  the  surveyor,  it  is  impossible  to  give  more  than  t 
generdi  description  ;  particular  rules  for  surveying  are  useless,  as  new  caaei,  and 
sometimes  difficult  ones,  are  hourly  occurring,  which  the  experience  df  t)te 
surveyor  alone  will  enable  him  to  overcome,  and  suggest  at  the  time  a  metiiod, 
which  no  book,  in  all  probability,  could  inform  him  of. 

**  The  protraction  of  a  8ur%'e^  is  the  most  easily  performed  by  having  a 

E retractor  laid  down  on  the  plot  itself,  from  which  the  angles  can  be  tnuufened 
y  a  parallel  ruler  to  any  part  of  the  work." 

In  making  the  necessary  calculations  for  the  quantities  of  earthwork,  &C.,  we 
would  earnestly  recommend  the  use  of  the  tables  formed  for  that  porpoae  bjr 
Mr.  Macneill.  Though  the  calculations  are  not  intrinsically  difQcuU,  yet  thej 
unavoidably  contain  a  great  number  of  figures ;  Mr.  Macneill's  teblet  n 
simplify  the  operation,  as  to  render  errors  of  consequence  scarcely  probaUr, 
and  at  the  same  time  are  founded  on  such  scientific  principles,  as  to  eudt,  with 
certainty,  the  most  correct  results. 

The  hne  of  road  being  fixed,  and  marked  out,  we  now  come  to  the  conaideratioD 
of  the  principles  of  road-making,  and  the  just  application  of  them  in  the  selectiflB 
and  disposal  of  materials.  The  first  principles  of  any  branch  of  science,  are  gene* 
rally  clear  and  comprehensive,  and  confidently  appealed  to  by  the  advocatesof  moit 
opposite  opinions  in  justification  of  their  peculiar  dogmas.  But  while  ill  adaut 
the  essentiality  (so  to  speak)  of  correct  principles,  how  various  and  contradi^ 
tory  are  their  plana  of  carrying  these  principles  into  effect  1  Road-making  pre- 
sents no  exception  to  this  general  rule.  It  is  admitted  bv  all,  that  a  road 
should  combine  the  qualities  of  hardness,  smoothness,  and  strength,  cr  au^ 
stance.  To  obtain  these  requisites,  it  would  to  us  appear  unnecesaaiy  that 
great  care  ahould  be  taken  to  prepare  the  bottoming,  or  foundation,  on  wUeb 
the  surface  materials  arc  to  rest ;  but  on  this  point  there  exists  much  difiereaee 
of  opinion ;  and  as  it  is  of  great  importance,  we  shall  briefly  state  the  srga- 
ments  of  each  party,  as  given  in  their  respective  publications.  Mr.  Mae  Ado, 
in  his  Remarks  on  the  present  System  cf  Roadfnakmgy  maintains  that  die  dah 
ticity  of  the  sub-soil  is  rather  a  benefit  than  an  injury,  in  contradictioD  to  tk 
opinion  of  Telford  and  other  eminent  engineers,  that  on  a  substratam  of* 
spongy  nature,  as  bog-land,  or  morasses,  it  is  absolutely  imperative  to  render  lb 
foundation  firm.  The  following  evidence  was  given  by  Mr.  Mao  Adam  bdoR 
a  Committee  of  the  House  of  Commons,  in  the  year  1819  ^— 

"  What  depth  of  solid  materials  would  you  think  it  right  to  put  upon  a  vti 
in  order  to  repair  it  properly  ? — I  should  think  that  ten  inches  dT  well  txutr 
dated  materials  are  equal  to  ctxry  any  thing,  lliat  is,  provided  the  mbatnMi 
is  sound  ? — No ;  I  should  not  cure  whether  the  substratum  was  soft  or  hard;  I 
should  rather  prefer  a  soft  one  to  a  hard  one.  You  don't  mean  you  woidd  (f^ 
a  bog? — If  it  was  not  such  a  bog  as  would  not  allow  a  man  to  walkofflfl 
should  prefer  it     What  advantage  is  derived  from  the  substrata  not  beiMpi'' 
fectly  solid  ? — I  think,  when  a  road  is  placed  upon  a  hard  substance,  aoaaii 
rock,  the  road  wears  much  sooner  than  when  placed  on  a  soft  substanee.  Brt 
must  not  the  draught  of  a  carrriage  be  much  greater  on  a  road  whidb  Itf  * 
very  soft  foundation,  than  over  one  which  is  of  a  rocky  foundation!— I  tkii^ 
the  difierence  would  be  very  little  indeed,  because  the  yield  of  a  goodna^' 
a  soft  foundation,  is  not  perceptible.     Would  a  carriage  run  so  '  hm*  V0  * 
road,  the  foundation  of  which  was  soft,  as  upon  one  of  which  the  ^am^ 
was  hard  ? — If  the  road  be  very  good,  and  very  well  made,  it  wiU  beaotiBi 
and  so  hard,  as  to  make  no  diii'erence.    The  road  in  Somersetafairs,  bad** 
Bridgewater  and  Cross,  is  mostly  over  a  morass,  which  is  so  extrmdy  ■oft'^ 
when  you  ride  in  a  carriage  along  the  road,  you  see  the  water  tremble  ii  ^ 
ditches  on  each  side ;  and  after  there  has  been  a  slight  firoat,  the  vibrataoaiifl^ 
water  from  the  carriage  on  the  road  will  be  so  great  as  to  break  the  yntn^ff^ 
That  road  is  partly  in  the  Bristol  district.  1  think  there  arc  about  seven  aobi' 
it ;   and  at  the  end  of  those  seven  miles,  we  come  directly  on  the  lincif 
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ink  we  have  about  five  or  six  miles  of  this  rocky  road  immediately 
die  morass;  and  being  curious  to  know  wbat  the  wear  was,  I  had  a 
account  kept,  and  ibc  difference  is  as  live  to  seven  in  the  expendi- 

materials  on  the  soft  and  hard.*'  It  would  exceed  our  limits  to 
)f  this  gentleman's  evidence  in  detail,  we  must  content  ourselves 
bstance  of  the  remainder,  viz.  that  no  intermediate  material  is  to 
reen  the  broken  stone  and  the  bog;  that  no  stone  is  to  exceed  six 
ght ;  that  a  foundation  of  bog  does  not  sink ;  and  that  there  is  the 
less  of  material  on  bog  as  on  firm  ground.     In  absolute  contradic- 

doctrines  of  Mr.  M*Adam,  we  now  quote  a  report  of  Mr.  W.  At 
Istant  engineer  to  Mr.  Telford,  under  whose  inunediate  superin- 
I  the  works  on  the  Holyhead  Road  in  North  Wales  were  executed, 
tching  or  paving  the  bottom  of  a  road  is  a  subject  which  has  often 
sed,  and  though  generally  approved  of  by  scientific  men,  has  met 
decided  opponents.  On  the  old  part  of  the  Shrewsbury  and  Holy- 
which  extends  from  Gobowen  to  Oswestry,  as  well  as  in  some  other 
foundation  of  the  road  had  been  paved,  but  in  an  irregular  and  pro- 
nanner,  some  of  the  stones  standing  near  a  foot  above  others, 
ae  places  holes  were  left  without  any  stones  ,*  upon  this  a  coat  of 

been  laid,  and  necessarily  of  very  uneqiuil  thickness,  some  of  the 
se  stones  being  scarcely  covered.  This  road  having  afterwards  been 
Kited,  the  upper  gravel,  where  thin,  was  worn  qmte  away,  or  else 
.  its  bed  by  being  in  so  tliin  a  coat  that  it  couldf  not  bind,  and  the 
see  was  thereby  made  a  continued  succession  of  hard  lumps  and 
ith  water  standing  in  every  hole  after  a  shower,  and  no  means  of 

but  by  soaking  through  the  road.  Any  stranger,  on  passing  over 
d,  would  condemn  the  principle  on  which  it  was  made.  But  here 
le  the  great  error, — that  the  principle  is  condemned,  instead  of  the 
.  When  the  paving  is  put  down  carefully  by  hand,  of  equal  or 
^ht,  with  no  lar^e  smooth-faced  stones  for  the  upper  stratum  to 

and  the  whole  pmned  so  that  no  stone  can  move,  1  nave  no  hesita- 
ng  that  in  many  cases  it  is  highly  beneficial,  and  in  none  detrimen- 
tver  the  natural  soil  is  clay,  or  retentive  of  water,  the  pavement  acts 
>drain  to  carry  off  any  water  that  may  pass  through  the  surface  of 
The  component  stones  of  the  pavement  having  broader  bases  to 

than  those  that  are  broken  small,  are  not  so  liable  to  be  pressed  into 
below,  particularly  where  the  soil  is  soft.  The  expense  of  setting 
ent  is  less  than  one-fourth  of  that  of  breaking  an  equal  depth  of 
16  size  generally  used  for  upper  coating ;  and  therefore,  in  point  of 
t  has  also  a  material  advantage.  Mr.  Telford  in  all  cases  recom- 
mode  of  paving ;  and  the  opinion  of  a  man  of  such  experience  can- 
ted slightly.  He  has  made  more  miles  of  road  than  any  eneineer  in 
n;  and  having  my  self  studied  for  nearly  fifteen  years  m  his  school, 
A  considerable  ei^tent  of  road  under  his  direction,  I  may  venture  to 
I  practice  is  not  unsupported  by  experience.  I  should  not  have  said 
I  this  sulject,  but  from  the  circumstance  of  other  road  improvers 
srted  that  paving  was  useless ;  and  I  think  that  assertions  on  one 
.  be  met  with  firmness  on  the  other,  whenever  an  important  prin- 
icked,  the  correctness  of  which  can  be  establiidied  by  reasoning  and 

9  endeavoured,  by  the  extracts  we  have  thus  given,  to  jdace  before 
the  comparative  merits  of  a  firm,  or  of  an  elastic  substratum ;  for 
e  confoss  we  are  disciples  of  Mr.  Telford's  school ;  and  to  believe 
¥ingrove,  whose  practical  experience  was  unquestionable,  ''that, 
St  to  these  opinions  on  road-making,  nothing  but  the  complete 
xf  the  public,  upon  all  matters  concerning  road-making,  could  ever 
id  rules,  so  contrary  to  eveiy  thin^  like  sound  principles,  to  have 
le  moment's  fiivourable  consideration."  With  this  remark  we  dis- 
irt  of  the  subject,  which  we  have  been  induced  to  treat  at  mater 
we  originally  intended,  by  our  anxiety  to  place  beyond  obpute 
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the  correctness  of  the  principles  on  which  all  our  lubeequent  directioDi  m 
fbunded. 

Drainage, — In  properly  cotiducting  this  part  of  the  business  of  roadHnaking, 
great  care  is  necessary.  The  utmost  judgment  of  the  skilfiil  surreyor  will  bi 
called  into  action  to  enable  him  to  make  the  best  use  of  the  natural  fadlitieiaf 
the  country,  and  to  overcome  the  obstructions  that  he  will  sometimes  meetwitli 
In  passing  over  flat  land,  open  main  drains,  cut  on  the  field  side  of  the  fences 
must  communicate  with  the  natural  watercourses  of  the^'country;  they  should 
be  three  feet  deep  below  the  level  of  the  bed  of  the  road,  one  foot  wide  it 
bottom,  and  five  (eet  wide  at  top.  If  spring  rise  in  the  site  of  the  road,  or  m 
tlie  slopes  of  deep  cutting^s,  stone  or  tile  drains  should  be  made  into  them.  Id 
cutting,  small  drains,  technically  called  mitre  draina,  should  be  formed ;  tbe 
angle,  depending  on  the  inclination  of  the  road,  should  not  exceed  one  inch  in 
100.  They  should  be  9  inches  wide  at  bottom,  12  inches  at  top,  and  10  iiichci 
deep.  According  to  the  inclinations  of  a  road,  and  the  form  and  wetness  of  thi 
country,  cross-drains  of  good  masonry  should  be  built  under  the  road,  haviitf 
their  extremities  carried  under  the  road  fences.  One  of  theae  should  be  bnitt 
wherever  water  would  lie ;  and  when  the  road  passes  alonff  the  tlcfpe  of  a  hiO, 
great  numbers  are  necessary  to  carry  off  the  water  that  coUectt  in  the  duuinel 
of  the  road  on  the  side  next  the  high  ground.  Various  descriptions  of  drun 
are  made  in  every  situation  where  necessary,  and  the  pretenratioii  cf  tk 
surface  of  the  road  secured  by  giving  it  a  proper  convexity  in  its  crow  sectioB, 
as  shown  in  the  annexed  section,  desired  for  the  regulation  of  the  mabm 
and  wastes  between  the  fences  of  the  Holyhead  Road. 


The  proper  convex  form  is  particularly  essential  on  hills,  in  order  that  tiM 
water  may  have  a  tendency  to  fall  from  the  centre  to  the  aides.  The  lidf 
channels,  and  all  the  road  drains  should  be  repaired  at  the  approach  and  at  the 
end  of  the  wmter,  and  daily  attention  given  to  their  being  free  from  ofastnictiaii. 
If  roads  by  a  proper  system  of  drainage,  be  kept  dry,  they  will  be  maintaiBed 
m  a  good  state,  and  at  proportionally  less  expense. 

Ctt«i>jg*  — When  it  is  necessary  to  make  a  deep  cutting  through  a  bilL  die 
slopes  of  the  banks  should  never  be  less,  except  in  passing  through  stoa&  iImb 
two  feet  horizontal  to  one  foot  perpendicular;  for  though  several  kindrrf  earth 
wUl  stand  at  steeper  inclinations,  a  slope  of  two  to  one  is  necetaarv  for  adnittw 
the  sun  and  wind  to  reach  the  road.     The  whole  of  the  green  sod  and  fatS 
soil  on  the  surface  of  the  Und  cut  through,  should  be  carefWly  eoRect^mi 
reserved,  m  order  to  be  laid  on  the  slopes  immediately  after  tbey  are  fimci 
If  enough  of  these  cannot  be  procured,  the  slopes  should  be  strewed  with  mM 
and  sown  with  hay-seeds.     When  stones  can  be  got,  the  sicmes  should  be  rb- 
ported  by  a  wa  1  raised  two  or  three  feet  high,  at  the  bottom  of  them.    Tte 
walls  prevent  the  earth  from  falling  from  the  slopes  into  the  aide  channabif 
the  road,  and  add  very  much  to  the  finished  and  workmanlike  appearMiet  cf  i 
road.     It  18  sometimes  advisable,  particularly  if  an  additional  quati^  of  ssrth 
be  wanted  for  an  embankment,  to  make  the  slopes  throurfi  the  cnttuus  m  ^ 
south  side  of  a  road  of  an  inclination  of  three  horizon tal  to  one  pmoidiG^. 
in  order  to  secure  the  great  advantage  of  allowing  the  sUn  and  Wmdtonadi 
more  freely  the  surface  of  the  roaf     In  districts  of  country  when  sMi 
abound,  expense  in  moving  earth  and  purchasing  land  may  be  avoided.  If 

buildinir  r(»tAinin<»  walla    oti^   filK««   k..*«L--.   *u^_r     -..t  JT'   "^  •''™«i  "I 
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great  as  ma^  be  imagined,  for  the  face  of  a  precipice  is  seldom  vertical,  and  if 
me  inclination  should  be  half  a  foot  vertical  to  one  foot  horicontal,  this 
will  admit  of  a  retaining  wall  being  built  By  building  such  a  wall,  sav  30  feet 
b^hy  and  cutting  10  feet  at  that  height  into  the  rock,  and  filling  up  the  space 
within  the  wall,  a  road  of  sufficient  breadth  will  be  obtained.  In  lormmg  the 
bed  for  tjie  road,  material  care  should  be  taken,  except  where  cutting  into  the 
surface  is  wholly  unavoidable,  in  order  to  obtain  the  proper  longitudmal  incli- 
nations, to  elevate  the  bed  with  earth,  two  feet  at  least,  above  the  natural  surface 
of  the  adjoining  ground  :  by  following  this  course,  the  road  will  not  be  affected 
by  water  running  under  or  soaking  into  it  from  the  adjoining  land.  In  arrang- 
ing the  inclinations,  they  should  be  obtained  by  embanking,  where  that  is  prac- 
ticable, in  preference  to  cutting.  Almost  all  old  roads  across  flat  and  wet  land 
are  sunk  below  the  adjacent  fields  :  this  has  arisen  from  the  continued  wearing 
of  them*  and  carrying  away  the  mud.  No  improvement  is  more  generally 
wantinf^  than  new  forming  uese  roads,  so  as  to  raise  their  surfaces  imove  the 
level  01  the  adjoining  land.  This  would  greatly  contribute  to  the  hardness  of 
tbem,  to  economy  in  keeping  them  In  repair,  and  to  enabling  horses  to  work 
with  the  advantage  of  having  sufficient  air  for  respiration. 

JSmbtmAmetUt, — Great  care  is  necessary  in  making  high  embankments.  No 
penon  should  be  entrusted  with  these  works  who  has  not  had  considerable 
experience.  The  base  should  be  formed,  at  first,  to  its  ftiU  breadth  ;  the  earth 
laid  on  in  regular  courses  or  layers,  if  not  more  than  4  feet  in  thickness,  of  a 
ocmcave  form,  and  no  fresh  course  should  be  deposited  until  the  preceding  one 
is  firm  and  consolidated.  The  slopes  at  which  cuttings  and  embankments  can 
be  safely  made  entirely  depend  on  the  nature  of  the  soil.  In  the  London  and 
plaatic  clay  fi>rmation8,  it  will,  not  be  safe  to  make  the  slopes  of  embankments 
mr  cuttings,  that  exceed  4  feet  high,  with  a  steeper  slope  than  three  to  one.  In 
ahalk  or  marl,  the  slopes  will  stand  at  1  to  1.  In  sohd  sandstone,  at  (  to  1,  or 
■early  vertical.  Before  quitting  this  subject,  it  is  proper  to  remark,  that 
kk  ever^  instance  of  deep  cutting,  the  greatest  pains  should  be  bestowed  in 
traniining  the  character  of  the  material  to  be  removed :  much  difficulty  will  be 
avoided  by  proceeding  in  this  way ;  but  on  the  whole,  the  best  general  rule  to 
Ibllow,  is  always  to  lay  out  a  line  of  road,  so  as  to  avoid,  as  much  as  possible, 
de^  cuttings  and  high  embankments ;  they  are  alwavs  attended  with  great 
CsmeBse,  and  are  unavoidablv  liable  to  many  objections. ' — Sir  H.  PameU, 

mtUerialtf  ^c. — ^The  breadth  of  roads  should  vary  according  to  circum- 
akiiices.  In  the  vicinity  of  large  towns,  where  the  traffic  is  considerable,  the 
xoad  should,  in  eur  opmion,  be  not  less  than  sixty  feet  between  the  fences. 
Where  there  is  less  traffic,  fifty  feet  will  be  sufficient.  The  whole  breadth 
dbould,  in  these  cases,  be  metaUedj  or  laid  with  broken  stones.  Near  London, 
amd  the  capitals  of  Edinburgh  and  Dublin,  perhaps  70  feet  is  not  too  great  a 
indtb,  and  a  footpath  should  be  provided  on  each  side.  "The  road,"  says 
iCr.  Telfard,  in  a  specification  for  the  Holyhead  road,  'Ms  to  be  30  feet  wide, 
flsdiuive  of  fpof^ths,  with  a  fall  of  6  inches  from  the  centre  to  the  side  channels/' 
The  bed  of  tiie  new  road  being  prepared  for  the  reception  of  the  materials, 
dbonld,  if  of  a  w'et  or  spongy  nature,  be  well '  rammed '  with  chips  of  stone ;  in 
MBie  situations  it  is  advisable  to  lay  a  stratum  of  hand-laid  stones,  of  from  5  to 
7  inches  in  depth,  witli  their  broadest  ends  placed  downwards,  and  the  whole 
Imilt  compactly  together.  On  this  is  to  be  laid  the  '  metal,*  or  broken  stones, 
to  Uie  depth  of  at  least  8  inches,  broken  of  a  uniform  size,  so  as  to  form  a  solid 
«ad  compact  body.  T^  insure  uniformity  in  the  size  oif  the  broken  stones, 
tGiriaoi  jests  have  been  suggested ;  perhaps  the  most  simple  is,  that  every  piece 
ehell  pass  through  a  ring  of  2|  inches  diameter.  On  tnis  body  of  metal,  no 
liliidlng  or  gravel  should  oe  used;  the  angular  sides  o£  the  metal  soon  lock  into 
eaeb  x>thcr,  and  form  a  smooth  surface.  In  the  selection  of  road-metal,  we 
nefer  the  several  varieties  of  ereen-stone«  The  best  kinds  of  these  are  less 
ftiaUe  than  granite,  when  hroKen  into  small  pieces.  It  is,  however,  often 
aeeetsary,  for  want  of  better  materials,  to  use  sandstone,  common  limestone, 
end  chalk,  even  in  districts  where  there  is  a  great  deal  of  traffic ;  in  some 
iBatances,  where  coal  is  abundant,  sandstone  is  reduced  to  a  vitreous  mass  in 
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kilns  erected  by  the  road  side ;  but  all  such  road-metal  is  now  naed  ?ciy 
sparingly  in  the  formation  of  modem  roads,  and  confined  chiefly  to  the  faridlt* 
trackn. 

The  distribution  of  road-material  is  very  irregular  in  the  British  IslandL 
Throughout  Scotland,  we  meet  with  the  numerous  varieties  of  granite,  gieeih 
stone,  basalt,  porphyry,  and  limestone.  In  Cheshire,  the  formation  is  chieflf 
coal,  sandstone,  and  the  softer  varieties  of  limestone.  In  the  southern  coantiei, 
chalk  and  eravel  soils  chiefly  occur,  both  of  which,  under  proper  mana^enoeot, 
make  excellent  roads.  In  North  and  South  Wales,  we  have  ail  the  varieties  of 
road-metal,  which  are  common  to  Scotland.  In  Ireland,^  they  have  ezceDest 
road-materials,  as  granite  and  limestone  are  pretty  generally  distribated.**— 
Edinburgh  Encyckwedia, 

The  reports  of  the  Commissioners  of  the  London  and  Holyhead  road  contsiD 
a  mass  of  useful  and  interesting  information.  The  appointment  of  Mr.Teifoei 
was  the  commencement  of  a  new  era  in  the  management  of  roads ;  under  hii 
judicious  superintendence  were  planned  most  of  the  improvements  which  hue 
since  been  carried  into  effect ;  and  the  correct  principles  on  which  th^  wot 
conducted,  is  proved  by  the  present  state  of  this  great  road.  BIr.  Mac&eill 
succeeded  Mr.  Telford  as  the  Resident-Engineer  to  the  Commissidneit,  sod 
has  shewn  himself  not  unworthy  of  his  preaecessor.  While  assistant-enfliieer 
under  Mr.  Telford,  he  suggested  an  experiment  for  the  purpoae  of  renaering 
solid  and  dry  the  piece  of  road  between  Holloway  and  the  Wellington  Icn  it 
Hiffhgatc. 

In  the  year  1829  the  Commissioners  took  the  Highgate  Archway  road  note 
their  management,  to  put  in  complete  repair.  In  order  to  accomplish  thii^ 
several  experiments  were  tried,  by  draining  the  surface  and  sub-sou,  and  bj 
laying  on  a  thick  coating  of  broken  granite;  but  from  the  wet  and  elaitie 
nature  of  the  sub-soil,  the  hardest  stones  were  rapidly  worn  away  bythewhedi 
of  carriages,  but  much  more  by  the  friction  of  the  stones  themselves  againit 
each  other ;  for,  in  a  very  short  time,  they  were  found  to  become  as  round  uA 
as  smooth  as  gravel  pebbles,  even  at  the  bottom  of  the  whole  mass  of  nd 
materials.  It  was  therefore  evident,  that  to  form  a  perfect  road,  which  migbt 
be  kept  in  repair  at  a  moderate  expense,  it  was  necessary  to  establish  a  diy  SD^ 
solid  foundation  for  the  surface  ;  but  as  no  stones  could  be  obtained  for  makinf 
a  foundation  of  pavement,  but  at  a  very  great  expense,  a  composition  of  ReoMi 
cement  and  gravel  was  suggested  by  Air.  Macneiu^  and  this,  on  trial,  was  (omid 
to  answer  effectually. 

The  manner  of  laying  down  this  cemented  mass,  and  constmcting  the  roid^ 
is  fully  detailed  in  Mr.  Macneill's  evidence  before  a  select  Committee  of  the 
House  of  Commons,  in  May  1830: — 

"  Are  you  the  resident  engineer  under  Mr.  Telford  ?  Yea. — You  condnoted 
the  work  at  the  Highgate  Archway  road?  I  did. — Will  you  explain  to  fk 
Committee  the  expense  of  the  cement  composition  which  was  laid  on  ^e  IboB' 
dation  7  The  expense  of  the  cement  delivered  was  2s.  a  bushel ;  it  was  mixed 
with  eight  times  as  much  of  washed  gravel  and  sand. — What  distance  of  ffroand 
would  a  bushel,  so  made,  extend  ?  Laying  on  the  cement  six  yards  wi£i,  asd 
six  inches  in  thickness,  came  to  lOs.  a  nmning  yard,  part  old  .gravel ;  if  vet 
gravel  had  been  purchased,  it  would  have  cost  from  12#.  to  15«.:  that  indaded 
the  forming  the  bed  of  the  road,  which  was  done  with  veir  great  care.  Time 
were  four  longitudinal  drains,  and  secondary  drains,  runnmg  from  those  totk 
side  channel  drains,  and  those  again  to  drains  outside  the  footpaths,  covered 
with  brick  :  they  all  communicated  with  each  other,  and  discharged  the  vsttr 
into  proper  outlets.  On  the  prepared  centre  of  six  yards  in  widu,  after  it  hid 
been  properly  levelled,  the  cement  was  laid  on,  mixing  it  flrst  into  a  box  tA 
water,  gravel,  and  sand,  in  certain  proportions.  In  fifteen  minutes  it  bectnt 
so  hard  that  we  could  stand  upon  it :  in  about  four  minutes  afler  being  laii  t 
triangular  piece  of  wood,  sheeted  with  iron,  was  indented  into  it,  so  as  to  lesvf 
a  track  or  channel  for  the  stones  to  lie  and  fasten  in.  This  indent  had  an  iodi- 
nation  or  fall  from  the  centre  to  the  side  of  the  road  of  three  inches ;  tlw 
allowed  the  water  that  percolated  through  the  broken  stones  to  ran  dt^ 
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eemented  mass  into  the  drains. — Wbat  time  of  year  was  the  composition  laid  oi» 
the  road  ?  Two  hmidred  yards  were  done  in  the  winter,  all  the  rest  in  July, 
August,  and  September. — It  ha^  been  on  the  road  through  the  last  winter? 
There  has  been  part  of  it  on  since  June  1828, — nearly  two  years. — Have  yon 
examined  it,  to  see  what  efiect  the  weather  has  had  on  it  ?  I  examined  it  fre- 
quently during  the  frost,  almost  every  six  weeks;  I  have  found  it  perfectly  hard- 
m  every  case,  and  not  injured  by  the  frost,  nor  by  the  working  of  the  carriages 
over  it." 

The  success  of  this  experiment  has  placed  beyond  a  doubt  the  correctness  of 
the  rule  laid  down  by  Mr.  Telford,  that  wherever  the  substratum  is  weak, 
spongy,  and  elastic,  it  must,  at  whatever  expense,  be  rendered  firm  and  dry, 
for  the  reception  of  the  surface  materials.  If  this  be  attended  to,  the  road- 
metal  will  remain  unmixed  with  the  earth  of  the  sub-soil,  and  unaffected  by  the 
changes  of  wet  and  frost  to  which  such  mixture  would  expose  it ;  if  this  be 
neglected,  no  outlay  of  money,  or  expenditure  of  material,  will  ever  produce  a 
firm,  dry,  and  hard  road* 

"  Well-made  roads,  formed  of  clean,  hard,  broken  stone,"  observes  Mr. 
Macneill,  "placed  on  a  solid  foundation,  are  very  little  affected  by  changes  of 
atmosphere;  weak  roads,  or  those  that  are  imperfectly  formed  with  gravel, 
flint,  or  round  pebbles,  without  a  bottoming,  or  foundation  of  stone  pavement 
or  concrete,  are,  on  the  contrary,  much  affected  by  changes  of  the  weather. 
In  the  formation  of  such  roads,  and  before  they  become  bound  or  firm,  a  con- 
siderable portion  of  the  sub-soil  mixes  with  the  stone  or  gravel,  in  consequence 
of  tiie  necessity  of  putting  the  gravel  on  in  thin  layers :  .this  mixture  of  earth 
or  clay,  in  dry,  warm  seasons,  expands  by  the  heat,  and  makes  the  road  loose 
and  open ;  the  consequence  is,  that  the  stones  are  thrown  out,  and  many  of 
tbem  are  crushed  and  ground  into  dust,  producing  considerable  wear  and  dimi- 
nution of  the  materials.  In  wet  weather,  also,  the  clay  or  earth  mixed  with 
the  stones  absorbs  moisture,  becomes  soft,  and  allows  the  stones  to  move  and 
rub  against  each  other,  when  acted  upon  by  the  feet  of  horses  or  wheels  of 
carriages.  This  attrition  of  the  stones  against  each  other  wears  them  out  sur- 
ptisingly  fast,  and  produces  large  quantities  of  mud,  which  tend  to  keep  the  road 
oamp,  and  by  that  means  increases  the  injury." 

To  ascertain  the  draught  of  carriages,  ana  the  comparative  merit  of  roads, 
Mr.  Macneill  employs  an  instrument  which  he  calls  a  road  indicator.  The 
▼ery  important  purposes  to  which  this  instrument  can  be  applied,  and  the 
accurate  results  given  by  it,  entitle  it  to  attention,  as  supplying  the  means  of 
subjecting  the  state  of  roads  to  an  infallible  test.  Several  inventions  to  effect 
the  same  ^object  have  been,  at  various  times,  proposed  and  brought  into  use 

Sie  the  article  DYNAMOMETEa) ;  but  the  improvements  added  to  it  by  Mr. 
acneill  have  materially  increased  their  utility.  In  the  Appendix  to  Sir 
Henry  Pameirs  Treatise  is  inserted  an  elaborate  paper  furnished  by  Mr. 
Macneill,  describing  the  road  indicator,  and  the  purposes  for  which  it  may  be 
ued.  We  can,  however,  only  afford  space  for  a  concise  description  of  the  instru- 
ment, and  refer  our  readers  to  the  paper  itself  for  further  infx)rmation. 

The  framework  is  of  wrought  iron,  about  two  feet  six  inches  Ion?,  and 
ng^teen  inches  wide.  In  this  frame,  a  dynamometer  and  brass  cylinder  are 
ilaced ;  the  dynamometer  is  connected  by  its  arm  to  one  side  of  the  frame  by 
runnions,  which  are  cast  on  it,  and  which  turn  in  a  circular  hoop  or  belt,  firmly 
crewed  to  one  side  of  the  frame,  and  a  bar  running  across  it.  The  dyna- 
nometer,  or  weighing-machine,  which  forms  part  of  tne  instrument,  was  im- 
irored,  some  years  ago,  by  Mr.  Marriott,  and  is  now  generally  used  as  a 
abetitute  for  the  common  steel-yard.  On  applying  the  weighing-machine  in  its 
inaple  form,  to  measure  the  draught  of  carriages,  tne  index  vibrated  so  quickly, 
n<f  over  so  large  an  arc  of  the  circle,  that  it  was  impossible  to  observe  the  point 
ndicating  the  force  of  draught ;  for  a  horse  exerts  his  power  by  a  succession  of 
mnalsesy  or  strokes  of  his  shoulders  against  the  collar,  at  every  step  he  makes, 
nd  not  by  a  constant  uniform  null,  as  is  generally  supposed.  To  remedy  this 
DCtmvenience,  and  do  away  with  the  vibrations,  a  piston,  working  in  a  cylinder 
oil  of  oily  is  connected  with  the  dynamometer  in  such  a  manner,  that  when  any 
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power  or  force  U  applied  to  it,  so  as  to  carry  round  the  indes,  the  putoo  k  M 
the  same  time  moved  through  the  fluid.     The  connesdon  of  the  dynamomelv 
with  the  cylinder,  is  by  means  of  a  lever  working  on  a  pivot ;  the  arms  of  tbt 
lever  are  of  unequal  length ;  the  tail-piece  of  the  dynamometer  is  connected  witk 
the  short  arm,  at  a  distance  of  two  inches  from  the  centre,  or  fulcrum,  by  meaoi 
of  a  pivot-joint  at  precisely  the  same  distance  from  the  fulcrum ;  a  flat  bar  of 
iron  IS  connected  with  the  longer  arm,  by  a  joint  similar  to  that  by  wbich  the 
tail-piece  is  connected  with  the  short  arm,  so  that  any  power  or  weight  applied 
to  the  bar  will  produce  the  same  effect  on  the  index  as  i[  the  power  was  applied 
directly  to  the  tail-piece  of  the  dynamometer ;  this  bar  pasaei  over  a  frictioo 
roller,  and  to  it  the  power  of  the  horses  is  applied  when  in  use,  by  meani  of 
traces,  and  a  bar,  as  in  the  ordinary  mode  of  draught     At  the  extremity  of  the 
long  arm,  the  piston  rod  is  connected  by  a  joint  similar  to  the  others ;  tbepiitoa 
rod,  after  passing  through  a  stuffing-box  in  the  cap  of  the  cylinder,  is  icrewed 
into  a  piston,  or  circular  plate  of  thin  brass  perforated  with  small  holes ;  and 
out  of  one  part  of  the  circumference  a  square  notch  is  cut,  the  use  of  which  vifl 
be  hereafter  described.     By  this  construction,  the  resistance  of  the  fluid  to  the 
piston,  which  acts  at  the  extremity  of  the  long  arm  of  the  lever,  prevents  Hi 
turning  round  the  fulcrum  to  the  extent  it  otherwise  would  do,  when  it  is  acted 
upon  by  any  sudden  impulse  applied  to  the  bar ;  it  will,  however,  move  over  i 
space  proportioned  to  the  intensity  of  the  force  applied ;  and  if  the  pulls  follow 
each  other  in  rapid  succession,  toe  piston  will  move  slowly  out,  ana  the  index 
will  turn  round  steadily  and  uniformly  until  the  power  is  balanced  by  the  spring 
of  the  dynamometer,  at  which  time  the  index  will  point  out  on  the  dial  letj 
nearly  the  weight  or  power  which  is  equivalent  to  the  draught. 

<*The  divisions  on  the  dial-plate  of  the  dynamometer  decrease  from  lero 
upwards,  in  order  to  compensate  fbr  the  increased  force  which  the  spring  exerU 
in  proportion  as  it  is  wound  up ;  in  consequence  of  this,  the  index  does  not  pus 
over  equal  spaces,  when  equal  forces  are  applied  in  difierent  states  of  tension  of 
the  spring ;  the  piston,  therefore,  will  not  pass  through  equal  spaces  in  the 
cylinder,  and  the  vibrations  would  consequently  be  greater  in  the  higher 
numbers,  because,  the  velocity  of  the  piston  being  less,  its  resistance  through 
the  fluid  will  be  less,  at  the  same  time  tne  power  opposed  to  it  is  ereater.  To 
obviate  this,  and  make  the  index  equally  steady  on  all  parts  of  the  dial,  a  narrow 
slip  of  brass,  formed  into  an  inclined  plane,  is  soldered  to  the  inside  of  the 
cylinder,  parallel  to  its  axis,  the  largest  part  being  at  that  end  of  the  cylinder 
towards  which  the  piston  rises,  when  the  index  moves  towards  the  greater  power. 
The  notch,  which  was  before  mentioned,  as  cut  in  the  side  of  tlie  piston,  exactly 
corresponds  in  size  with  the  largest  part  of  this  inclined  plane,  so  that  when  the 
piston  is  at  the  upper  end  of  the  cylinder,  the  notch  is  completely  filled  up  by 
the  inclined  plane ;  on  the  contrary,  when  the  piston  is  at  the  lower  end  of  tk 
crylinder,  the  notch  is  open ;  by  this  contrivance,  the  aperture  through  vbiek 
the  fluid  is  obliged  to  pass,  as  the  piston  moves  from  the  lower  end  of  tk 
cylinder  to  the  higher,  is  gradually  contracted*  and  of  course  the  reaiatance  cf 
tne  piston  through  the  fluid  gradually  increases,  and  compensates  the  incrcanJ 
power  of  the  sprmg,  rendering  the  vibrations  nearly  uniform  from  the  loweat  lo 
the  highest  power. 

"  To  preserve  the  instrument  from  injury,  it  is  embedded  in  a  solid  block  cf 
elm,  which  can  be  screwed  or  clamped  to  any  carriage ;  the  swingletree  is  hookrf 
into  the  eye  of  the  draught-bar ;  the  shafts  or  pole  of  the  carriage  may  renaia 
in  their  ordinary  position,  but  care  must  be  taken  that  no  part  of  the  moriif 
power  is  communicated  to  the  carriage,  except  through  the  agency  of  the  iastra- 
ment.  The  draught  of  a  carriage  is  ascertained  as  follows  :---One  aamttir* 
walks  along  by  the  side  of  the  carriage,  and  observes  the  weight,  or  force,  ahovo 
by  the  index  on  the  dial ;  at  every  step  he  calls  out  the  numbera,  which  anotlicr 
assbtant  writes  down  in  a  book ;  these  numbers  are  then  added  together ;  iht 
sum  divided  by  the  number  of  observations,  will  give  the  mean  power,  or 
draught,  required  to  draw  the  carriage  over  that  portion  of  the  roaa."  Bf  a 
ver^r  ingenious  contrivance,  Mr.  Macneill  also  practically  aacertained  the  cor- 
rection necessary  for  the  different  rates  of  incUnation.    Thua^  the  isstnuMOt 
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affixed  lo  a  common  waggon,  which  was  drawn  by  two  hones  over  the  pare- 
raent  in  Piccadilly,  from  the  Duke  of  Devonshire  s  house  to  Dover-street,  the 
sam  of  observations  is  670  lbs.,  which  divided  by  the  number  of  observations  14, 
gives  the  mean  force,  48}  lbs.  The  street  rising  1  in  156,  it  is  necessary  to 
apply  the  appropriate  correction,  which  by  the  table  is  15  lbs.,  hence, 
SL  z=  48}  —  J5  =  33  lbs.,  horizontal  draught.  In  a  note  appended  to  the 
jmper,  it  is  mentioned  that  the  instrument  has  been  further  improved  by 
Mr.  Macneill,  it  is  now  mounted  in  a  light  phaeton,  and  besides  marking  the 
draught  at  every  ten  or  twenty  yards,  it  pomts  out  the  distance  run,  and  the 
rates  of  acclivity  or  declivity  on  every  part  of  the  road.  The  general  results,  as 
aacertained  by  this  usefUl  instrument,  are  stated  to  be  as  follows  : — 

Weight  of  Waggon,  21  act. 

1.  On  Well-made  pavement,  the  draught  is    ....     33  lbs. 

2.  „    Broken  stone  surface,  or  old  flint  road  ....     65 

3.  „   Gravel  road 147 

4     „   Broken  stone  road,  on  a  rough  pavement  foundation     46 
5. '  „   Broken  stone  surface,  upon  a  bottoming  of  con- 
crete, formed  of  Parker's  cement  and  gravel   .     46 

The  wear  and  tear  of  roads  was  a  point  to  which  the  attention  of  the  Select 
Committee  of  the  House  of  Commons  upon  steam  carriages,  in  1831,  was 
durected.  The  evidence  given  by  Messrs.  Telford,  Macneill,  Mac  Adam,  Gur- 
ney,  Farey,  and  Alexander  Gordon,  proves,  beyond  doubt,  that  the  destruction 
of  a  road  is  caused  by  the  feet  of  the  horses  travelling,  in  a  much  greater  pro- 
portion than  by  the  wheels  of  carriages.  Mr.  Macneill  estimates  the  iniury 
done  by  the  wheels  of  fast  coaches,  to  the  injury  done  by  the  horses  wnich 
draw  them,  as  one  to  three  in  round  numbers,  or  as  follows  : — 


Coaches.  Waggotu, 

Atmospheric  changes  .     ,  20 

Waggon-wheels  .     .     .     .  35.5 

Horses'  feet 44.5 


Atmospheric  changes  ...  20 
Coach-wheels  .  .  .  .  .  20 
Horses'  feet 60 


100 


100.0 


And  Mr,  Gordon  calculated  that  a  set  of  tires  would  run  3000  miles  in  good 
««ather ;  or,  on  the  average,  2700  miles ;  but  that  a  set  of  horses'  shoes  would 
travel  only  200  miles.  These  are  facts  which  press  on  our  consideration  the 
nacetsity  of  withdrawing  a  power  so  injurious  to  our  roads  as  horses  are 
deieribed  to  be,  and  the  substitution  of  a  means  of  locomotion  less  hurtful. 
Thit  desideratum  will  be  found  in  the  establishment  of  steam  carriages  on  turn- 
pike roads,  having  granite  tramways ;  and  we  hope  the  period 'is  not  distant  when 
this  important  change  will  be  effected. 

The  next  branch  of  our  subject  is  the  various  patents  which  have  been 
panted  for  improvements  in  the  construction  of  roads ;  under  which  head  we 
ahaU  make  a  few  remarks  on  pavements.  The  most  eminent  engineers  have 
czpr^ned  themselves  decidedly  in  favour  of  paving,  as  more  durable,  and,  in 
tlie  end,  cheaper  than  any  other  mode  of  formation.  The  immense  traffic^  in 
^  streets  of  London,  and  other  large  cities,  and  the  inconveniences  resulting 
fiom  a  firequent  derangement  of  the  pavement,  have  long  rendered  the  establish- 
ment of  a  firm,  durable,  and  smooth  city  road,  a  great  desideratum.  The 
alternate  dust  and  mud  on  broken  stone  roads  have  proved  them  unfit  for 
crowded  thoroughfares.  They  have  been  tried,  but  failed.  Stone  paving  of 
various  kinds,  and  even  cast-iron  plates,  in  the  form  of  a  causeway,  have  been 
pi^gested.  Of  the  two  kinds  of  stone  pavement  with  which  London,  Dublin, 
indT  Edinburgh,  b  paved,  the  one  is  termed  ruble  causeway,  the  other  aisler 


608  ROADS. 

causeway.  In  the  former  the  stones  are  very  slightly  hammer-dre«M 
latter  they  vary  from  5  to  7  inches  in  thickness,  from  8  to  12  in  1« 
about  a  foot  in  depth.  The  Commercial  Road  of  London  is  a  fine  am 
the  aisler  causeway.  It  leads  from  Whitechapel  to  the  extensive  eatul 
of  the  East  and  \¥est  India  Docks,  at  Black  wall  and  Poplar.  It  1 
long,  and  70  feet  wide.  The  footpaths  are  laid  with  Yorkshire  fl^ 
stoneway  of  granite.  The  tramway  is  composed  of  large  stone  blocksy  1 
wide  by  12  inches  deep,  and  from  2|  to  10  feet  long.  They  are  hi 
four  feet  apart,  on  a  hwrd  travel  bottom,  or  a  concrete  foundation,  i 
their  ends  closely  and  firmly  iointed  to  each  other,  so  as  to  prevent  m 
either  lateral  or  longitudinal.  On  this  tramway  a  waggon  weighing 
load,  10  tons,  was  drawn  by  one  horse  from  the  West  Kdia  Docks^  i 
of  2  miles,  rising  1  in  274,  at  the  rate  of  nearly  4  miles  per  hour.  T 
were  executed  under  the  direction  of  Mr.  James  ^Walker,  the  eng 
whom  the  plans  were  furnished,  and  whose  report  to  the  trustees  of 
contains  much  useful  information. 

The  Leith  Walk  of  Edinburgh  is  another  example  of  the  aisler  c 
forming  almost  the  only  thoroughfare  to  the  port  of  the  Scottish  metr 
is  regulated  by  a  special  trust,  and  its  toll  is  generally  rented  at  «S 
annum.  The  causeway  of  Leith  Walk  is  nearly  2  miles  in  length ;  iti 
between  the  curb-stones,  which  line  ofi*  a  spacious  footpath  on  each  i 
be  taken  at  the  average  breadth  of  57  feet  The  stones  with  which  il 
are  of  a  cubical  form,  of  the  largest  dimensions  of  aisler  causeway,  an 
upon  a  bed  of  sharp  sea-sancL,  free  of  earthy  particles.  It  is  now  (18S 
twenty  years  since  Leith  Walk  was  converted  from  a  very  bad  conu 
into  a  spacious  causeway ;  and  although  its  surface  exhibits  many  inc 
yet  it  has  continued  during  that  comparatively  long  period,  and  may 
as  long  without  requiring  any  considerable  repair.  Now  if  we  com 
with  the  continual  repair  to  which  all  metal  roads,  with  a  tra£Bc  simib 
of  Leith  Walk,  are  incident,  we  presume  that  the  metal  would  reai 
renewed  at  least  every  third  year.  The  expense,  therefore,  would  1) 
much  greater  for  the  maintenance  of  the  metal  road  than  for  causewi 

Mr.  Alexander  Gordon,  in  his  work  on  Elemenial  Locomoiiom,  ha 
some  passages  from  the  reports  of  the  Holyhead  Road  Parliament 
mission,  which  are  deserving  attention.  It  appears,  from  these  repoit 
a  smooth,  well-made  London  pavement,  the  tractive  power  necessary  t 
given  weight  on  a  level,  is  only  ^,  The  stones  should  be  accurately 
each  other,  and  bedded  on  a  good  foundation  of  broken  stones,  put  oo 
of  4  inches  at  a  time  until  they  be  12  inches  thick,  and  then  the  sn 
pavement  of  rectangular  stones  placed  on  it.  Collision  and  surfiioe  i 
together  being  only  ~  of  the  weight  to  be  moved,  even  where  the 
composed  of  numerous  stones,  the  advantages  of  good  pavement  le 
obvious,  that  it  cannot  but  excite  astonishment  that  they  should  be 
neglected.  Mr.  Johnstone,  (in  his  evidence  before  the  House  of 
1833)  proved  that  the  very  best  pavement  would  cost  only  13«.  per  mgn 
and  wpuld  cost  nothing  in  repair  for  the  first  three  years,  and  he  gt 
following  statement : — 

£  s,  d. 

First  cost,  per  superficial  yard 0  13  0 

Ten  years'  repair,  at  4d.  per  yard ....     0    3  4 

Ten  years'  cleansing,  at  3d.  per  yard ...    Q    2  6 

0  18  10 
Deduct  value  of  old  stone  ...    0    8    0 


£0  10  10 


Tlii  old  stone  might  last  twenty  years  longer ;  but,  at  all  events 
worth  eight  shillings  per  yard,  after  ten  years'  wear.    Most  of  tht 


it  qipcan  to  be  laid  dovn  a 


an  expenfe  of  MTen  ibilUngt  or  ten 
per'yard.  "  If,"  says  Mr.  Maciieill,  in  hii  evidence,  "  you  take  twenty 
road  ncur  London,  add  alio  lake  the  rcpuin  of  tlie  roada  for  twenty 
:o  accuiint,  I  afauuld  say  ihat  paving  would  be  the  cheapest  kind  of 

d  of  a  similar  deicriplion  (o  the  Commerrlal  Road  ha>  been  propoted 
•lacneill  for  the  "  London,  Liverpool,  and  Holyhead  Steam  Coach  and 
«npany."  On  tlii«  steam  coiriBgea.  and  all  other  docription  of  coacbe^ 
Uawed  to  travel.  If  a  portion  oftlie  road  from  London  to  Birmingham 
I  off  on  one  aide,  made  in  a  solid  manner  with  pitching  and  well-brnken 

it  would  fall  very  little  Ehort  of  a  railroad,  and  the  expenae  would  not 
considerable.  A  doiilile  row  of  granite  blockii  or  tram*  might  be  laid 
jde  of  tlie  road  for  the  wheels  of  the  cairiagei,  and  a  stone  pavement 

the  rows  of  ^anlte  blocks. 

Joplion  of  (his  plan  would  enable  ateam  carringea  to  travel  with  great 

would  present  no  obstacles  to  olher  vehiclei,  would  require  no  other 
1  the  present  lurnpike  roads,  and  would  prevent  the  immense  outlay, 
tin  Diisciiievous  consequences  that  must  inevitably  result  from  railway 

enry  Matthews,  of  Walworth,  proposed  a  plan  of  slone  railways,  upon 
sive  scale ;  the  stones  were  to  be  four  feet  long,  ten  inches  deep,  eleven 
breadth  at  the  top,  and  fourteen  inches  at  the  base ;  at  certain  points 
s  were  to  be  connected  by  a  kind  of  mortised  joint.  This  plan  poa- 
>nsiderable  merit,  but  (he  expense,  estimated  at  ll.  5j.  per  lineal  yard, 
set  of  tracka,  was  an  objection  :  it  woulJ,  we  think,  alao  be  found,  that 
la  cubtD  contents  of  these  stones  bore  a  greater  proportion  to  th«r 
hey  would  not  withstand  the  necessary  preaiure  of  carnages, 
ephenaon,  the  engineer,  in  the  Edinburgh  £iia/clopeilia,  describes  a  mode 
acting  a  smooth  and  durable  city  road,  wliich  is  both  econonucal  and 
B. — "  A  alreet  or  highvray,  supposed  U>  measure  about  thirty  feet  in 


/%f- 1-  (.Pl^"-) 


is  laid  out  in  five  compartments.  Independently  of  foot-paths.    Two  of 

laid  with  the  aisler  causeway  tracks,  live  feet  apart,  the  horse-paths 
:auMway,  or  broken  stones,  in  tlie  uaii&l  way.  A  B  C  D  (Fig.  1)  point* 
ipartment  of  the  toad,  laid  partly  with  broken  stones,  in  which  £  E 
•re  (he  aisler  causeway  tracks,  A  B  being  a  paved  open  drain,  on  th» 
he  road.      I  N  ahows  the  limits  of  a  road^  alio  laid  with  track*  of 
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aifller  causeway,  aa  marked  at  L  L  and  M  M ;  but  here  the  compeitmenti 
between  and  on  each  side  are  paved  witli  ruble,  or  inferior  causeway  stooei. 
Fig,  2  is  a  section  of  the  plan  described  under  Fig.  1,  and  shows  the  p'ariiculir 
form  of  the  aisler  causeway  tracks ;  a  is  a  paved  drain,  h  one  of  the  sidn, 
made  with  broken  stones,  c  c  two  of  tlie  aisler  causeway  tracks,  and  d  the  hone- 
path  between  them. 

in  the  year  1825,  Mr.  Tliomas  Parkins  obtained  a  patent  for  an  improred 
mode  of  paving.  The  patentee  ])roposed  to  lay  on  common  roads  continuow 
lines  of  granite  blocks,  on  which  the  wheels  of  carriages  are  to  run ;  the  upper 
surfaces  are  to  be  level  with  the  road,  the  under  surface  flat,  and  the  stones  in 
fitted  together  by  "  bird's-mouth  joints."  Each  stone  is  thus  supported  by  the 
stones  on  each  side  of  it,  and  prevented  from  partial  depression.  Wbatem 
merit  may  be  due  to  Mr.  Parkins  for  the  methods  he  has  suggested,  so  many 
and  so  various  are  the  improvements  in  pavements  since  the  date  of  his  patent, 
that  it  is  unnecessary  to  describe  more  minutely  the  several  modes  by  which  be 
proposes  to  connect  the  blocks  of  stones  together. 

In  the  same  year,  a  patent  was  granted  to  Mr.  John  Lindsay,  of  the  [sbni 
of  Herm,  near  Guernsey,  for  certain  improvements  in  paving;  it  is  described 
in  Vol.  XI.  No.  G\  of  the  London  Journal.  Fig.  3  is  a  cross  section  of  thi 
street ;  D  D  is  a  properly-prepared  foundation ;  b  and  c  c  are  blocks  of  smooth 
granite,  placed  longitudinally,  and  parallel  to  each  other,  for  tlie  carriigt 
wheels  ;  d  d  are  also  stone  blocks,  with  trenches  in  their  upper  surfaces,  tosem 
as  drains  for  surface  moisture  or  rain.  The  intermediate  spaces  ee ee  are SUd 
up  by  conunon  paving  stones,  with  their  broadest  surfaces  downward!,  tbe 
interstices  to  be  hlled  with  granite  chips  or  cement.  The  central  line  of  granite 
blocks  6  is  to  be  suliiciently  broad  to  allow  two  carriages  to  pass;  and  tlietide 
blocks  c  c  are  only  required  to  be  wide  enough  for  one  wheel  to  run  on.  Uptt 
the  curbs,  carriages  with  heavy  loads  will  pass  with  ease,  and  comparttirelf 
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little  labour  to  the  horses.  Mr.  Lindsay's  plan  of  preparing  the  foundatioe  if 
the  reception  of  the  blocks,  it  is  unnecessary  to  detail;  and  we  belieretbe 
method  of  fastening  the  blocks  by  cramps,  or  bars  of  iron,  has  bees  k0^ 
known,  and,  in  many  cases,  ac^ed  upon.  Though  we  conceive  his  iuveniioQ  » 
possess  but  little  novelt}',  the  patentee  deser\'es  credit  for  atiempitHg  to  imp'* 
our  street  pavement ;  so  valuable,  as  we  have  before  observed,  is  a  nw^ 
and  solid  roadway,  that  every  suggestion  for  its  attainment  is  entitled  ^ 
respect. 

The  patents  which  have  been  granted  for  real  or  fancied  improvemeDts  >• 
this  department  are  so  numerous,  that  it  is  impossible  to  particularize  the*- 
The  benefits  of  paving,  as  superior  to  all  other  methods  of  construction,  is»  •* 
think,  proved  beyond  doubt;  and  of  that  description  of  road-making,  ihetn*' 
way  of  granite  blocks  appears,  in  our  humble  opinion,  to  offer  all  uuU  ctf  ^ 
desired.  The  writer  of  this  article  has  frequent  occasion  to  pass  through  ^ 
narrow  street  called  Winchcomb-street,  near  the  Haymarket.  This  if  p***" 
with  blocks  of  granite,  in  a  similar  manner  to  the  Commercial  Road:  tiKH|^ 
the  accUvity  is  rather  steep,  the  ease  with  which  vehicles  are  impelled  is  ^ 
sufficient,  if  proof  were  wanting,  of  how  small  a  traction  power  is  requiiJ  ^ 
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slm  a  road.    Under  the  head  Paving  will  he  found  some  further  information 

die  subject. 
S€^aperi. — In  December,  1832,  a  patent  was  granted  to  Mr.  John  Bourne, 

•  n.  machine  for  scraping  and  cleansing  roads.  'J'he  injury  to  a  road  accruing 
>m  an  accumulation  of  loose  mud  on  its  surface,  is  so  well  known,  that 
>ourer-*  are  employed  on  all  well-managed  roads  to  scrape  them  when  neces- 
ry.  The  hand-scraper  is  so  very  imperfect  an  instrument,  that  many  inge- 
.^iis  attempts  have  been  made  to  con^^truct  machines  for  cleansing  the  road 
rfV&ce  by  sweeping  or  scraping.  Mr.  Brown's  plan  deserves  notice  for  its 
npticity.  it  is  thus  described  in  the  Repertory  of  Patent  Inventions  : — '*This 
acbine  is  formed  of  a  series  of  scrapers  fastened  to  wooden  rods,  or  hands, 
>ting  on  a  common  axis,  yet  rising  or  falling  singly  and  independently  of  each 
her,  so  as  to  meet  the  inequalities  of  surface.  They  are  all  inserted  into  a 
ante,  the  lower  part  of  which  passes  on  the  scrapers,  the  upper  part  being  the 
andle;  the  machine  is  then  ^xed  on  wheels,  and  the  mode  of  using  it  is  by 
and.  The  workman  commences  at  a  given  place  by  elevating  the  handle, 
hich  sinks  the  scrapers,  and  he  drags  the  machine  across  the  road  at  right 
ngles  to  the  line  of  draught ;  when  he  has  dragged  the  mud  to  the  opposite 
de,  he  depresses  the  handle,  and  the  scrapers  rising,  deposit  their  gatherings, 
tie  independent  action  of  each  eCraper  enables  the  whole  to  enter  and  cleanse 
ut  any  holes  or  depressions  of  the  surface,  or  to  get  over  any  hard  projection ; 
nd  to  adapt  itself,  generally,  to  any  state  of  road,  or  to  any  kind  of  surface. 

Very  similar  to  Mr.  Bourne's  is  a  machine  for  the  same  purpose  by  Dr. 
ITinterbottom.  Two  pieces  of  timber,  forming  at  one  end  a  pair  of  shafts,  are 
•cured  firmly  by  transverse  braces.     The  iron  plate,  or  front  of  the  scraper, 

•  fixed  within  the  braces.  A  pole,  or  handle,  made  fifteen  feet  long,  passes 
Jirough  strong  holdfasts  in  the  braces.  This  acts  as  a  lever,  by  which  the 
Kniper  may  be  raised  or  sunk  at  pleasure.  The  person  who  holds  it  may  direct 
Ike  scraper,  assist  it  to  overcome  obstacles,  or  give  it,  if  necessary,  additional 
pressure.  The  machine,  when  not  in  use,  may  be  reversed,  and  is  furnished 
with  a  sledge  part,  on  which  it  slides  when  not  in  use.  The  method  of  using 
U  is  nearly  the  same  as  the  one  we  have  before  described. 

Mr.  H.  T.  Cassell,  of  Mill  Wall,  Poplar,  has  obiained  a  patent  for  a  bitu- 
minous composition,  called  hy  him  ''  lava  stone."     The  patentee  describes  the 
merits  of  the  invention  to  consist  in  the  discovery  of  a  mode  of  combining 
attain  materials  to  form  a  species  of  stone  uniting  the  advantages  of  metal 
vith  those  of  stone.    The  properties  of  this  stone  are  durability  and  toughness. 
It  does  not  absorb  water,  and  is  a  non-conductor  of  heat.     Kach  of  these  pro- 
perties can,  in  tht  process  of  combination,  be  increased  or  diminished,  to  suit 
tlw  purposes  for  which  the  stone  is  intended.    In  paving  a  street,  the  following 
method  is  pursued  ; — Instead  of  disturbing  the  bottom,  it  is  to  be  consolidated 
Vy  picking,  raking,  and  rolling.     A  coating  of  bituminous  lava  is  then   run 
•''er,  and  the  whole  rendered  impervious  to  water.     'I'his  coating  is  then  to  be 
psred  over  with  granite  stones  of  the  usual  description,  and  the  interstices  are 
to  be  filled  in  with  hot  bitmninous  lava.     The  whole  street  thus  becomes  one 
•wid  mass,  and  will  need  no  repairs  until  the  granite  is  worn  too  thin  to  sustain 
»e  Weight  of  the  passing  traffic. 

In  ming  the  "lava-stone"  for  the  construction  of  roads,  Mr.  Cassell  directs 
|"«  road  to  be  prepared  by  raking  and  rolling  it  till  uniform  and  even.  The 
l»va  carts  are  then  to  be  brought  on,  and  the  lava-stone  previously  prepared  is 
•jn  hot  from  the  carts  to  the  depth  of  two,  three,  or  four  inches,  according  to 
"«  anticipated  traffic.  The  hot  lava  uniting  itself  to  the  substrata  of  prepared 
jround,  becomes  one  solid  mass,  and  will  not  admit  of  the  passage  of  any  mois- 
*y*'  A  road  thus  formed,  will  last  several  years  in  good  condition,  and  will 
J  *?*  present  one  even  surface.  The  patentee  has  published  a  small  pamphlet, 
••■cribing  the  rarious  modes  of  using  the  "  lava-stone,"  the  different  purposes 
r^bich  he  conceives  it  may  be  applied,  and  a  table  of  prices.  We  must  refer 
•"•  reader  to  this  pamphlet  for  further  information. 

^tfr.  Cassell's  plan  is  not  destitute  of  merit  or  originality ;  but  we  think  he  is 
"^  Banguine  in  ran  expectations  of  the  results.    Upon  roads  where  the  traffic 
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is  not  very  considerable,  it  will  probably  make  an  excellent,  firm,  and  danbU 
surface ;  but  on  our  great  thoroughfares,  the  expense  of  the  "  lava-stone*'  would 
be  an  objection,  as  we  are  sure  it  must  be  laid  on  in  much  greater  tbicknea 
than  suggested  by  the  inventor. 

It  appears  to  have  been  used  with  decided  success  on  the  Ferry -road,  MO! 
Wall,  roplar,  on  the  Vauxhall  Road,  on  the  premises  of  Messrs.  Coding,  the 
Ale  Brewers,  Mr.  Giblett,  of  Bond  Street,  and  many  other  places ;  and  we  hare 
before  us  a  letter  from  Mr.  Martin,  the  Secretary  of  the  Vauxhall  Bridge  Com- 
pany, in  which  the  piece  of  road,  laid  with  the  lava,  is  spoken  of  in  a  very  satih 
factory  manner.  An  experiment  has  been  lately  tried  on  the  Whitechapd 
Road  with  this  composition,  which  is  certainly  a  failure ;  it  is,  however,  bot 
justice  to  the  patentee  to  state  that  the  unfavourable  circumstances  under 
which  the  work  was  executed,  sufficiently  explain  his  want  of  success  m 
this  case. 

ROLLINGr-MILL.  A  term  frequently  applied  to  the  machinery  by  wbidi 
metals  are  laminated  or  compressed  by  rollers,  into  various  forms.  See  tbi 
article  Iron. 

ROOF.  The  top  covering  to  a  house  or  other  building  ;  in  which  sense  it  com- 
prises the  timber  work,  slate,  tile,  lead,  with  whatever  ebe  is  necessary  to  fom 
and  complete  the  whole.  Roofs  are  of  various  forms.  First,  the  pointed  rodi 
in  which  the  ridge,  or  the  angle  formed  by  two  rafters  at  the  point  at  top  where 
they  meet,  is  an  acute  angle.  Secondly,  the  square  roof,  in  which  the  angle  it 
the  ridge,  formed  as  above,  is  a  right  angle.  Thirdly,  the  flat  roof,  ornther 
pediment  roof,  w^hich  has  the  angle  at  the  ridee,  more  or  less  obtuse.  There  ire 
various  other  forms,  as  the  hip-roof,  the  valley-roof,  the  hopper-roof,  the  silt- 
box  roof,  the  round  roof;  and  when  the  covering  of  a  building  is  flat,  it  is  deno- 
minated a  plaiform,  technically,  and  not  a  roof.  For  a  full  and  exact  descriptioo 
of  every  kind  of  roof,  we  must  refer  the  reader  to  Nicholson's  Proeiitd 
Builder f  contenting  ourselves  by  presenting  to  him  a  very  elegant  and 
economical  arrangement  for  a  pediment  roof,  recently  designed  by  A.  H. 
Houldsworth,  Esq.,  for  the  presentation  of  a  model  of  which  to  the  Society  rf 
Arts,  &c.,  that  gentleman  was  awarded  an  honorary  medal.  It  is  represeoted 
in  the  following  cut. 


Tlie  advantages  which  this  method  affords,  are,  the  saving  of  a  ccmsidenw* 
proportion  of  the  timber  usually  employed,  and  the  gaining  for  useful  poip^j 
the  whole  space  tliat  is  contained  witnin  the  roof.  Mr.  Houldsworth  constnirfj* 
a  roof  of  this  kind  over  the  dwelling-house  of  a  friend  of  his,  and  notfitr 
standing  his  walls  were  only  six  feet  above  his  upper  floor,  he  has  obtainedi  * 
consequence,  good  lofty  rooms,  whilst  the  outside  of  his  house  appears  ^ 
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r;  his  barns,  hay-lofts,  Arc,  are  built  upon  tlie  same  plan.  A  A  rq>8esent 
»  walls  of  the  house,  and  B  one  of  the  timbers  of  the  uppermost  floor,  resting 
the  sleepers//,  which  are  let  into  the  wall;  over  two  other  sleepers,  laid  in 
e  top  of  the  wall,  are  fitted  two  pieces  of  wood,  D  D.  The  principal  rafltTS, 
C,  forminff  each  pair,  are  then  secured  at  the  bottom  into  the  pieces  D  1),  and 
e  fastened  to  each  other  at  the  top  by  iron  pins.  Each  pair  of  the  principal 
fters  C  C  is  supported  by  two  arch  pieces  E  E ;  these  pieces  are  in  their  grain, 
>d  are  tormed  on  the  plan  recommended  by  Mr.  Hookey,  of  the  King's  Yard, 
Wodwich,  to  whom  the  country  is  so  much  indebted  for  this  mode  of  con- 
|rtiiig  ilie  timber.  They  are  cut  lengthways,  by  a  saw,  into  three  pieces,  to 
'thin  two  feet  of  one  end ;  are  then  placed  in  a  stenm-kiln,  and  boiled  until 
*y  will  bend  freely,  when  they  are  fixed  to  a  mould  and  left  to  cool ;  »ftpr 
^'t-h  a  few  pins  of  wood  are  driven  throusrh  them,  to  keep  the  pieces  ?o  cut 
Jtn  again  flying  open.  The  arch  pieces  will  get  a  little  out  of  shape  when 
Ken  from  the  mould,  but  will  be  easily  brought  back,  and  when  secured  under 
-  principal  rafters,  will  fit  the  more  firmly.  The  lower  ends  of  these  arch 
^es  are  inserted  in  the  beam  B  of  the  floor,  and  therein  firmly  pinned,  while 
the  top  they  cross  one  another,  and  each  butts  against  its  opposite  rafter. 
«y  are  further  secured  by  iron  straps  to  the  short  pieces  D  D,  on  which  the 
Kicipal  rafters  rest,  thus  preventing  the  latter  from  smking.  and  thru:sting  out 

vails,  and  making  the  whole  a  stiff  and  complete  framing,  on  which  the 
p'itudinal  rafters  and  transverse  pieces  are  fastened  in  the  usual  manner. 
Hie  roofs  of  bams  or  other  buildings  that  have  only  a  ground  floor,  may  be 
■•tructed  in  the  same  way,  care  being  always  taken  to  bring  the  feet  of  the 
b  pieces  so  far  down  the  wall  as  to  give  them  a  firm  bearing. 
^r.  Holdsworth  having  already  constructed  several  roofs  of  great  widths  on 

plan  described,  expresses  his  entire  confidence  of  being  able  to  apply  the 
»e  principle  to  a  roof  of  any  given  span  for  which  timber  of  sufiicient  length 
Id  be  procured.  This  elegant  improvement,  which  does  away  with  all  those 
Diivenient  timbers  in  roots  of  the  ordinary  construction,  called  king-posts, 
^n-posts,  braces,  &c.  &c.,  consequently  leaves  the  whole  space  (as  before 
erved),  which  is  usually  employed  to  no  useful  purpose,  for  the  making  of 
^  lofty  rooms,  besides  effecting  a  considerable  saving  on  timber.  Numerous 
unples  of  the  modes  of  trussing  girders  for  roofs,  are  given  under  the  article 

AM. 

ROPE-MAKING.  The  art  of  forming  fibrous,  flexible,  and  tenacious  sub- 
noes  into  cordage.  The  principal  aim  of  the  ropemaker  is  to  unite  the 
*ngth  of  a  great  number  of  fibres.  This  would  be  done  most  effectually, 
>re  the  fibres  long  enough,  by  laying  them  parallel  to  each  other,  and  fastening 
<  bundle  at  each  end.  They  must  therefore  be  combined  together  in  such  a 
*nner  that  the  strength  of  any  single  fibre  shall  be  insufiicient  to  overcome 
>c  resistance  of  the  friction  occasioned  by  the  entanglement,  but  rather  break : 
)d  this  effect  is  found  to  be  produced  most  easily  by  twisting  them  together,  so 
^t  they  shall  mutually  compress  each  other.  On  the  other  hand,  a  skein  may  be 
^ted  so  hard,  'that  any  attempt  at  farther  twisting  will  break  it ;  such  a 
Wn  can  have  no  strength  to  support  a  weight,  each  fibre  being  already  loaded 
•  much  as  it  can  bear,  and  therefore  any  weight  added  would  break  it.  What- 
^^  force  is  actually  exerted  by  a  twisted  fibre,  in  order  that  it  may  sufliciently 
'^'npress  the  rest  to  hinder  them  from  being  drawn  out,  must  be  considered  as 
^^^ight  hanging  on  that  fibre,  and  must  be  deducted  from  its  absolute  strength 
■  cohesion  before  the  strength  of  the  skein  can  be  estimated.  The  strength  of 
^  >keln  is  evidently  the  remainder  of  the  absolute  strength  of  the  fibres  after 
^  force  exerted  in  twisting  them  has  been  deducted.  Hence  arises  that  fun- 
"^^tal  principle  in  rope-making,  namely,  that  all  twisting  beyond  what  is 
^^••ary  for  preventing  the  fibres  from  being  drawn  out  without  breaking, 
"*inighes  the  strength  of  the  cordage,  and  is,  therefore,  to  be  avoided.  Thus 
^"Jiecessary  to  twist  the  fibres  of  hemp  together,  in  order  to  make  a  strand ; 
•*  twisting  is  not  all :  something  must  be  done  to  prevent  the  skein  from 
1^  untwisting  as  soon  as  it  is  let  loose  from  the  hand ;  some  method  must  be 
^*i^  to  mtike  the  tendency  to  untwist  in  one  part,  act  against  and  counter- 
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bnlance  the  like  tendency  to  untwist  in  another;  in  the j)roperIy  accomplishiiig 
this,  consists  one  of  the  principal  difBculties  of  rope^moking.  The  folloving 
ohservations,  for  distinctness'  sake,  apply  chiefly  to  the  larger  cordage,  such  n 
forms  the  standing  and  running  rigging  of  a  ship;  but  they  are  easily  extended, 
with  proper  modifications,  to  the  smaller  kinds. 

The  first  part  of  the  rope-making  process  consists  in  twisting  the  hemp :  that 
is,  making  rope-yams.  These  are  spun  in  various  ways,  according  to  the  nature 
of  the  machmery  employed,  and  the  cordage  to  be  made.     A  slip  of  level 
ground  is  enclosed,  of  about  600  feet  long,  of  a  breadth  sufficient  to  contain 
the  number  of  machines  emnloyed,  and  either  covered  with  a  slight  roof,  or  left 
open  at  top.     A  spinning-wheel  is  set  up  at  the  upper  end  of  this  walk.    The 
band  of  this  wheel  goes  over  several  rollers  called  whirls,  turning  on  piTots  in 
brass  holes.     The  pivots  at  one  end  come  through  the  frame,  and  terminate  io 
little  hooks.     The  wheel  being  turned  by  a  winch,  gives  motion  to  all  these 
whirls.     The  spinner  has  a  bundle  of  dressed  hemp  round  his  waist,  laid  in  the 
same  way  that  women  spread  the  flax  on  the  distaff.     He*  draws  out  a  proper 
number  of  fibres,  twists  them  with  his  fingers,  and  affixes  them  to  the  hook  of 
a  whirl.     The  wheel  is  now  turned,  the  skein  is  twisted,  becoming  what  ii 
called  a  rope-yarn,  and  the  spinner  walks  backwards  down  the  rope-walk.  Tht 
spinner  supports  the  yam  in  one  hand  (protected  by  a  wetted  piece  of  coane 
cloth  or  flannel),  while  with  the  other  he  regulates  the  quantity  of  fibres  drawn 
from  the  bundle  of  hemp  by  the  motion  of  the  twisting  yam.     The  greateit 
fault  that  can  be  committed,  is  to  allow  a  small  thread  to  be  twisted  off  froo 
one  side  of  the  hemp,  and  then  to  cover  this  with  hemp  supplied  firom  the  other 
side ;  for  it  is  evident  that  the  fibres  of  the  central  thread  make  very  loii; 
spirals,  while  the  skin  of  the  fibres  which  covers  it  must  be  much  more  oblique. 
Tliis  covering  has  but  little  connexion  with  what  is  below  it,  and  will  easily  be 
detached.  But  even  while  it  remains,  the  yam  cannot  be  strong,  for  on  pullinf 
it,  the  middle  part,  which  lies  the  straightest,  must  bear  all  the  strain.    TUi 
defect  will  always  happen  if  the  hemp  be  supplied  in  a  considerable  body  tot 
yam  that  is  then  spinning  small.     Into  whatever  part  of  the  yam  it  is  mA 
to  enter,  it  becomes  a  sort  of  loosely  connected  wrapper.     A  good  spiflDCff 
therefore,  endeavours  always  to  supply  the  hemp  in  the  form  of  a  thin,  flat  tkeii. 
The  degree  of  twist  depends  on  the  rate  of  the  wheel's  motion,  combined  with 
the  retrogade  walk  of  the  spinner.     We  may  suppose  him  arrived  at  the  lot* 
end  of  the  walk,  or  as  far  as  necessary  for  the  length  of  the  yam  ;  he  calls  oit, 
and  another  spinner  immediately  detaches  the  yarn  from  the  hook  of  the  whirl, 
gives  it  to  another,  who  carries  it  aside  to  the  reel,  and  this  second  spinner 
attaches  his  own  hemp  to  the  whirl-hook.     In  the  mean  time,  the  fimt  spinoct 
keeps  fast  hold  of  the  end  of  his  yam ;  for  the  hemp,  being  dry,  is  very  ela^ 
and  if  he  were  to  let  it  go  out  of  his  hand,  it  would  instantly  untwist   H* 
waits,  therefore,  till  the  reeler  begins  to  turn  the  reel,  and  then  walks  slowly  op 
tlie  walk,  keeping  the  yam  of  an  equal  tightness  all  the  way. 

Rope-yams,  for  large  rigging,  are  from  a  quarter  of  an  inch  to  somewhat 
more  than  the  third  of  an  inch  in  circumference ;  or  of  suclt  a  size,  that  160 
fathoms  of  white  yarn  weigh  from  3i  to  4  pounds.  The  number  of  yarns  in  t 
strand  of  cordage  varies  from  sixteen  to  twenty-five.  The  yards  are  made  into 
cords  of  any  length,  by  laying  them ;  and  that  we  may  have  a  rope  of  any 
degree  of  strength,  many  yarns  are  united  into  one  strand,  for  the  same  reason 
that  many  fibres  are  united  into  one  yarn. 

The  process  for  laying  or  closing  large  cordage,  is  as  follows : — At  the  npper 
end  of  the  walk  is  fixed  a  tackle-board.     This  consists  of  a  strong  oaken  plank, 
called  a  breast-board,  having  several  holes  in  it,  fitted  with  brass  or  iron  platei 
Into  these  are  put  iron  cranks  called  heavers,  which  have  forelocks  and  kr\i, 
on  the  ends  of  their  spindles.     This  breast-board  is  fixed  to  the  top  of  »{tw% 
posts,  and  well  secured  by  stmts  or  braces.     At  the  lower  end  of  the  rope-walk 
IS  a  similar  breast-board  fixed  to  a  movable  sledge,  which  may  be  loaded  with 
weights  when  necessary.     A  top,  which  is  a  tnmcated  cone«  having  scores  ii 
its  sides  for  the  strands,  a  long  staff,  and  supported  on  a  sledge  or  carriage,  ii 
placed  between  the  strandsi  and,  when  necessary,  gently  forced  into  the  an^ 
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by  tiieir  flepantion.  A  piece  of  soft  rope,  called  a  •farapy  it  attached  to 
idle  of  the  top,  by  the  middle,  and  its  two  ends  are  brought  back, 
1  several  times  tight  round  the  rope,  and  bound  down.  The  ynms  are 
into  strands,  each  of  which  is  knotted  apart  at  both  ends.  The  knots  at 
!>per  ends  are  made  fast  to  the  hooks  of  the  cranks  in  the  tackle-board ; 
^<e  at  the  lower  end,  to  the  cranks  on  the  sledge.  The  sledge  itself  is 
its  place  by  a  tackle,  and  a  proper  weight  laid  on  it  till  the  strands  are 
d  in  their  places.  The  tackle  is  now  cast  off,  the  cranks  turned  at  both 
id  as  the  strands  contract  by  the  operation,  the  sledge  is  dragged  up  tl>e 
When  the  strands  are  sufficiently  hardened,  they  are  taken  on  the 
the  cranks  taken  out,  and  a  very  strong  crank  put  in  the  centre  hole  of 
:le-board.  To  this  all  the  strands  are  now  attached ;  the  top  is  placed 
1  the  strands,  as  before  described,  and  the  heavers  at  the  tackle-board 
Ige  continue  to  turn  as  before.  By  the  motion  of  the  aledge-crank,  the 
reed  away  from  the  knot,  and  the  rope  begins  to  close.  As  this  advances, 
e  shortens,  and  the  sledge  is  dragged  up  the  walk.  The  top  moves 
\nd  at  last  reaches  the  upper  end  of  the  walk,  the  rope  being  now  laid. 
ib  the  general  and  essential  process  of  rope-making ;  and  in  the  course  of 
Ken,  it  is  in  our  power  to  give  the  rope  a  solidity  and  hardness  which 
it  less  penetrable  by  water.  Some  of  these  purposes  are  inconsistent 
lers ;  and  the  skill  of  a  rope-maker  lies  in  making  tne  best  compensation, 
the  rope  may,  on  the  whole,  be  the  best  in  point  of  strength,  pliancy, 
ation,  that  the  quantity  of  hemp  in  it  can  produce. 
!bllowing  rule  for  judging  of  the  weight  which  a  rope  will  bear,  is  not 
1  the  truth.  Multiply  the  circumference  in  inches  by  itself,  and  the 
the  product  will  express  the  number  of  tons  which  the  rope  will  carry. 
*  the  rope  have  6  inches  circumference,  6X6  =  36,  the  fif^h  of  which 
us ;  apply  this  to  the  rope  of  3|  inches,  on  which  Sir  Charles  Knowles 
is  experiments,  3*^  X  3^  =  10.25 ;  one-fifth  of  which  is  2.05  tons,  or 
•unds.  It  broke  with  4550.  This  may  suffice  for  a  general  account  of 
hanical  part  of  the  manufacture  :  but  we  have  taken  no  notice  of  the 
n  of  tarring,  becauise  it  would  be  no  easy  task  to  enumerate  all  the 
methods  employed  in  different  rope-works.  It  is  evidently  proper  to 
lie  state  of  twine  or  vam,  this  being  the  only  way  in  which  the  nerop 
uniformly  penetrated.  The  yam  is  made  to  wind  off  one  reel,  and 
passed  through  a  vessel  containing  hot  tar,  it  is  wound  upon  another 
1  the  superfluous  tar  is  taken  off,  by  passing  through  a  hole  surrounded 
mgy  oakum ;  or  it  is  tarred  in  skeuis  or  hauls,  wnich  are  drawn  by  a 
I,  &ough  the  tar  kettle. 

d  cordfl^e,  when  new,  is  weaker  than  white,  and  the  difference  increases 
»ing.  The  following  experiments  were  made  by  M.  Du  Hamel,  at 
rt,  in  1743,  on  cordage  of  three  inches  (French)  in  circumference,  made 
»t  Riga  hemp. 

Made  AugmtBj  1741. 
0         White.  Tarred, 

Broke  with  4,500  pounds.     .     .    .    3,400  pounds. 

4,900 3,3010        „ 

4,800 3,250        „ 


Made  April  25,  1743. 

„  4,600 3,500        „ 

„  ,5,000 3,400        „ 


Made  September  3,  1746. 

„  3,800 3,000  „ 

„  4,000 2,700  „ 

„  4,200 2,800  ft 
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M.  Da  Hamel  says,  that  it  is  decided  by  experience,  Ist  That  white  cordage 
in  continual  service  is  one-third  more  durable  than  tarred.  2d.  Hiat  it  retaini 
its  force  much  longer  while  kept  in  store.  3d.  That  it  resists  the  ordinary 
injuries  of  tlie  weather  one-fourth  longer.  Why,  then,  should  cordage  be  tarred? 
The  answer  is.  That  tarring  preserves  cables  and  ground  tackle,  which  are 
greatly  exposed  to  the  alternate  action  of  water  and  air ;  for  white  cordage^ 
exposed  to  be  alternately  very  wet  and  dry,  is  found  to  be  weaker  ibaQ 
tarred  cordage;  and  that  cordage  which  is  superficially  tarred  is  alwaji 
stronger  than  what  is  tarred  throughout,  and  resists  better  the  alternatives  of 
wet  and  dry. 

ROTATORY  ENGINES.  Engines  having  a  rotatory  motion  ;  see  the 
article  Steam. 

ROTl'EN  STONE.     A  decomposed  soft  stone,  used  for  polishing. 

RU  BY.  A  genus  of  precious  stones  of  various  colours ;  but  those  only  of  I 
deep  red,  inclining  to  purple,  are  popularly  regarded  as  rubies. 

RULE.  An  instrument  with  line^,  divisions,  and  numerals,  marked  upon  it, 
of  the  greatest  utility  in  mensuration.  There  are,  of  course,  numerous  kinds 
adapted  to  their  peculiar  objects.  The  most  extensively  usefiil  is  unquestion- 
ably the  carpenter's  rule,  for  taking  lineal  measurements,  which  is  therefore 
divided  into  feet,  inches,  and  various  parts,  scales  of  proportion,  &c.  There  in 
various  sliding  rules,  for  performing  computations ;  others  furnished  with  tabkf 
adapted  to  the  use  of  all  kinds  of  trades  and  manufactures,  as  well  as  fco- 
fessional  persons.  For  rules  especially  designed  for  drawing  parallel  linei,  lee 
Parallel  Rule. 


SABRE.    A  broad  sword  with  a  curved  blade. 

SACCHAROMETER.  An  instrument  for  ascertaining  the  strength  d 
worts,  in  the  preparation  of  malt  liquor  for  beer  or  distilling  spirit;  itsnanCf 
however,  simply  implies  a  measurer  of  saccharine  matter,  or  sweetneM.  Sci 
Distillation. 

SACKBUT.     A  wind  musical  instrument,  of  the  trumpet  kind. 

SADDLE.  A  seat  f(  rmed  upon  a  horse's  back,  for  the  convenience  of  tht 
Tider.  Saddles  are  as  various  as  the  nations  that  use  them  ;  and  even  in  ths 
same  country  as  in  this  they  are  made  in  a  variety  of  forms  and  faahioB^ 
•which  are  too  familiar  to  our  readers  to  need  description.  The  improvemeoli 
of  late  years  have  contributed  much  to  the  ease  of  both  the  horse  and  the 
rider.  Among  the  recent  patents  having  this  object  in  view,  we  shall  mentioa 
the  leading  features  of  two  or  three  of  them. 

To  give  increased  elasticity  to  the  seats  of  saddles,  Mr.  Marsh  employ  fo* 
wire  springs,  in  lieu  of  the  wool  and  other  materials  generally  used  in  siuffin^ 
them,  which  are  apt,  by  the  compression  of  the  rider,  to  become  hard.   The 
springs  are  of  the  kind  used  in  garters  and  elastic  braces.     They  are  extfDdfd 
in   rows   from   the   front   to   the   back   of    the    saddle,    upon    tJie   ordinair 
packing,    and   secured   bj   sewing  their  ends  to    a   web   which   is  attacM 
to  the   saddle.     When   this   is   done,   the  usual  coating  of  cloth  is  put  orff 
the   wire   springs,  and   fastened  down   upon    the   covering   of   the   packing 
below,  by  stitching  in  lines  at  small  distances  apart,  crosswise  of  the  sadd^ 
by  which  means  the  rows  of  wire  will  be  kept  alongside  of  each  other,  »»■ 
prevented  from  overlapping.     The  external  covering  forming  the  seal  beii^ 
now  placed  over  the  springs,  and  finished  in  the  usual  way,  an  elasdc  s^tt  tf 
produced,  which,  it  is  said,  is  much  superior  to  any  kind  of  packiag  hefbrt 
used. 

Mr.  Henry  Calvert,  of  Lincoln,  had  a  patent  in  1 830,  the  object  of  whick 
was   to  avoid  the  inconvenience  and  danger  occasioned  by  saddles  slippi>{ 
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)d.     The  lubjoined  cut  represents  one   of 

■Ivert's,   with  the  exterior  cover  and  flap 

ed    to  show   the   construction.      The   im- 

nent  mainly  consists  in  attaching   to  the 

«rt  of  the^  saddle-tree  an  elastic  plate  of 

extending  in  a  slopine  direction  towards 

ont  of  the  saddle;  it  is  confined  by  two 

which  receive  the  girth  strap;  the  proper 

of   the  sweat-flap  is   also    shown.      The 

bucUe  which  is  fixed  to  the  loose  end  of 

rth  is  drawn  up  to  the  small  strap  after  the 

ia  girthed.    The  front  girth  of  course  is 

ed  first,  and  the  second  not  quite  so  tight. 

is  aiiangement   it  will  be   seen  that  the 

it  kept  in  its  place  by  the  elasticity  of  the 

plate,  and  that  it  cannot  move  forward 

he  horse  without  the  girth  being  lengthened. 

wn.  Laurence  and  Rudder  had  a  patent  in  the  succeeding  year  for  '*  an 
rement  in  saddles  and  girths  by  an  apparatus  fixed  to  either  of  them ;" 
iject  of  which  was  to  give  to  saddle  girths  an  elasticity  to  preserve 
ent  tension  under  the  varying  dimensions  of  the  animals  to  which  they 
e  applied.  Saddle-girths,  for  instance,  that  have  been  put  on  immediately 
}ie  none  has  been  fed,  must  either  be  made  inconveniently  tight  at  first, 
e  they  will  become  inconveniently  loose  as  the  size  of  the  animal 
ishes  by  the  digestion  of  his  food.  The  patentees  denominate  their  girths 
mttricior  eirths,  (probably  from  their  grasping  the  animal  like  a  boa- 
ictor,)  and  they  are  made  by  attaching  to  the  saddle-tree  by  a  pair  of 
s,  a  small  shaUow  brass  case  containing  a  series  of  grasshopper  springs, 
ehind  the  springs  is  a  movable  plate,  to  which  the  girtn-straps  are  attached 
:h  manner  that  when  the  movable  plate  is  pulled  down  by  the  girth-straps 
irings  are  collapsed,  or  brought  into  a  position  to  exert  their  elasticity  in 
rving  the  lightness  of  the  girth. 

reral  other  inventors  have  patented  their  contrivances  for  similar  objects  to 
oregoing,  the  details  of  which  would  be  generally  uninteresting;  those 
OS,  therefore,  who  wish  to  extend  their  investigations  of  these  matters  we 
refer  to  the  Repertory  of  Arity  the  London  Journal  of  Arts,  and  the 
ment  OflSces  in  Chancery. 
«rt  is  another  species  of  saddle,  worn  by  horses  in  harness ;  one  of  which, 


proved  by  Mr.  J.  Lukens,  of  Philadelphia,  we  lately  saw  in  the  shop  of 
M*,  of  Pall-Mali  East.     It  is  represented  in  the  preceding  cut ;  and  It 
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sometimes  called  a  harness  pad.  They  are  adapted  to  fit  the  back  of  any  hsna 
a  is  the  pad  or  saddle,  the  two  sides  of  which  are  connected  by  a  flexible  stnp^ 
and  also  by  a  curved  inflexible  bar,  which  it  attached  to  -the  terrets  bkfif 
joints  ate  c.  In  the  middle  of  the  curved  bar  is  fixed  what  is  termad  the  boB 
hook.  The  joints  at  c  c,  it  will  be  perceived,  aUow  of  the  pads .  being  mofMl 
nearer  to,  or  farther  from  the  centre  of  the  horse's  back ;  on  which  they  ■! 
very  lightly  and  pleasantly. 

SAFETY  LAMP.     See  Lamp. 

SAFETY  VALVE.     See  Valve. 

SAFFLOWER,     See  CARxnAMus. 

SAFFRON.  The  stigmata  of  the  crocus  officinalis,  dried  on  a  kihi,aad 
pressed  into  cakes.  It  is  grown  in  various  parts  of  Europe,  as  well  as  b  thii 
country.  A  tract,  of  land  about  ten  miles  across,  is  applied  to  the  cultnssf 
this  valuable  product  in  Cambridgeshire.  The  greatest  part  of  this  tract  b  m 
open  level  country,  with  few  inclosures;  and- the  practice  there  is  to  crop  tfai 
plants  for  two  years,  and  then  let  it  lie  fkllow  the  third.  For  planting,  thsfiii- 
low  ground  is  well  ploughed  and  manured,  and  afterwards  dug  by  a  Bairaw 
spade  into  trenches,  wherein  the  roots  are  put,  and  subsequently  covered  orer 
in  forming  the  next  trench,  the  roots  in  which  are  in  like  manner  covered  witk 
the  earth  from  the  succeeding  one.  The  quantity  of  roots  planted  on  aa  lot 
is  about  128  bushels.  About  the  end  of  September,  the  flowers  appear.  TWy 
are  gathered  before  they  are  full  blown,  as  well  as  after,  and  the  proper  tiM 
for  It  is  early  in  the  morning.  The  owners  of  the  safiron-fields  get  togttkiri 
sufficient  number  of  hands,  who  pull  ofi*  the  whole  flowers,  and  throw  then  lif 
handfuls  into  a  basket,  and  so  continue  till  about  eleven  o'clock.  HavJag  dMo 
carried  home  the  flowers,  they  immediately  fall  to  picking  out  th*  stigBifeB  or 
chives,  and  together  with  them  a  pretty  large  proportion  of  the  a^bn  kmM,  m 
string  to  which  they  are  attached :  the  rest  of  the  flower  thejr  tlwow  awiy  m 
useless.  Next  morning  they  return  to  the  field,  without  regarding  vbiUNr  ] 
the  weather  be  wet  or  dry :  and  so  on  daily,  including  Sundays^  till  the  wMt 
crop  is  gathered. 

The  next  labour  is  to  dry  the  chives  on  the  kiln.     The  kilD  is  buSti^a 

thick  plank,  that  it  may  be  moved  from  place  to  place.    It  is  supported  kf  te 

short  legs :  the  outside  consists  of  eight  pieces  of  wood  of  three  incbct  lUflk* 

in  form  of  a  quadrangular  frame,  about  twelve  inches  squara  at  Che  bottfli^ 

on  the  inside,  and  twenty-two  on  the  upper  part;  which  last  is  likewise  At 

perpendicular  height  of  it.    On  the  fore  side  is  left  a  hole  of  about  e%ht  mAt^ 

square,  and  four  inches  above  the  plank,  through  which  the  fipa  is  pat  ia;  smt 

all  the  rest  laths  are  laid  pretty  thick,  close  to  one  another,  and  nailed  to  tke 

frame  already  mentioned.     They  are  then  plastered  over  on  both  sides,  mu9 

also  the  planks  at  bottom,  very  thick,  to  serve  for  a  hearth  ;  over  the  moodiiB 

laid  a  hair-cloth,  fixed  to  the  edges  of  the  kiln,  and  likewise  to  two  roUen  ir 

movable  pieces  of  wood,  which  are  turned  by  wedges  or  screws,  in  orderly 

stretch  the  cloth.     Instead  of  the  hair-cloth,  some  people  use  anet-wiorkif 

iron- wire,  by  which  the  saffron  is  soon  dried,  and  with  less  fuel ;  but  tlie£ft~ 

culty  of  preserving  it  from  burning  makes  the  hair-cloth  be  preferred  bf  tbt 

best  judges.     The  kiln  is  placed  in  a  light  part  of  the  house;  and  tbeybtglB 

with  putting  five  or  six  sheets  of  white  paper  in  the  hair-cloth,  and  upon  tbciV 

they  lay  out  the  wet  saffron  two  or  three  inches  thick.     It  is  then  covered fili 

some  other  sheets  of  paper,  and  over  these  thev  lay  a  coarse  blanket  five  or  at 

times  doubled,  or  instead  of  this  a  canvas  pillow  filled  with  straw;  and  sft^ 

the  fire  has  been  lighted  some  time,  the  whole  is  covered  with  a  board  htin$ 

a  considerable  weight  upon  it.     At  first  they  apply  a  pretty  strong  bc«^  f 

make  the  chives  sweat  as  they  call  it ;  and  at  this  time  a  great  deal  of  cirei> 

necessary  to  prevent  burning.     When  it  has  been  thus  dried  about  so  ta  flit 

they  turn  the  cakes  of  safiron  upside  down,  putting  on  the  coverings  sod  vt^  I  i» 

as  before.     If  no  sinister  accident  happen  during  these  first  two  boon^  w  I  is 

danger  is  thought  to  be  over ;  and  nothing  more  w  requisite  than  to  ^^y  I  ^ 

Tery  gentle  fire  for  twenty-four  hours,  turning  the  oake  every  half  hove  Tv  I  i^ 
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fti«l  it  bett  which  yields  the  least  smoke ;  and  for  this  reaaon  charcoal  is  pre- 
ferable to  all  others. 

The  quantity  of  saffron  produced  at  a  crop  is  uncertain ;  sometimes  five  or 
iiz  pounds  of  wet  chives  are  got  from  one  rood,  sometimes  not  above  one  or  two, 
and  sometimes  not  so  much  as  is  sufficient  to  defray  the  expense  of  gathering 
■nd  drying :  but  it  is  always  observed,  that  about  Ave  pounds  of  wet  saffron  go 
to  make  one  pound  of  dry,  for  the  first  three  weeks  of  the  crop,  and  six  pounds 
during  the  last  week.  When  the  heads  are  planted  very  thick,  two  pounds  of 
Iry  saffron  may,  at  a  medium,  be  allowed  to  an  acre  for  the  first  crop,  and 
tweaty-four  pounds  for  the  two  remaining  ones,  the  third  being  considerably 
mrger  than  the  second.  To  obtain  the  second  and  third  crops,  the  labour  oif 
loeing,  gathering,  picking,  &c.,  already  mentioned,  mutt  be  repeated;  and 
ikoot  Midsummer,  after  the  third  crop  is  gathered,  the  roots  must  all  be  taken 
ip  and  transplanted.  The  best  saffron  has  the  broadest  blades, — this  being  the 
nark  by  which  English  saffron  is  distinguished  from  the  foreign  ;  it  ought  to 
la  of  an  orange  or  fierynped  colour,  and  to  yield  a  dark  yellow  tincture ;  it 
iKNild  be  chosen  fresh,  not  above  a  year  old,  in  close  cakes,  neither  dry  nor  yet 
vrj  moist,  toush  and  firm  in  tearing,  of  the  same  colour  within  as  without,  and 
£  a  strong,  aend,  diffusive  smell.  This  drug  has  been  reckoned  a  very  elegant 
aid  uaeful  aromatic ;  it  imparts  the  whole  of  its  virtue  and  colour  to  rectified 
pint,  proof  spirit,  wine,  vinegar,  and  water.  A  tincture  drawn  with  vinegar 
aaca  greatly  of  its  colour  in  keepinff ;  the  watery  and  vinous  tinctures  are  apt 
o  grow  sour,  and  then  lose  their  cohMir  also ;  that  made  in  pure  spirit  keeps  m 
perfection  for  roanv  years. 

SAGO.  A  nutritive  substance,  brought  from  the  East  Indies,  of  considerable 
IBS  in  diet  as  a  restorative.  Sago  is  procured  from  a  tree  called  landau,  growing 
k  the  Moluccas :  this  tree  is  a  species  of  the  palm,  which  grows  naturally  in 
ie^an,  and  upon  rocky,  dry  mountains  in  Malabar,  and  its  production  is  an 
tuveisal  article  of  food  among  the  inhabitants  of  Amboyna,  Ceram,  Celebes, 
Md  the  Bornmnding  islands  east  of  Celebes,  and  also  in  Borneo.  The  progress 
if  its  vegetation,  in  the  early  stages,  is  very  slow :  at  first,  it  is  a  mere  shrub, 
lUck  set  with  thorns,  which  make  it  difficult  to  come  near  it ;  but  as  soon  as 
f^  Mem  ia  once  formed,  it  rises  in  a  short  time  to  the  height  of  thirty  feet>  ta 
ilksiit  nx  feet  in  circumference,  and  imperceptibly  loses  its  thorns.  Its  ligneous 
^i(k  b  about  an  inch  in  thickness,  and  covers  a  multitude  of  long  fibres,  which, 
htiag  mtcrwoven  one  with  another,  envelope  a  mass  of  a  gummy  kind  of  meal. 
At  soon  as  thia  tree  is  ripe,  a  whitish  dust,  which  transpires  through  the  pores 
^  the  leaves,  and  adheres  to  their  extremities,  proclaims  its  maturity.  The 
^C^Ms  then  cut  them  down  near  the  root,  divide  them  into  several  sections, 
V^Bich  they  split  into  quarters ;  they  then  scoop  out  the  mass  of  mealy  sub- 
iteee,  wmch  is  enveloped  by,  and  adheres  to  the  fibres ;  they  dilute  it  in  pure 
vater,  and  then  pass  it  through  a  straining  bag  of  fine  cloth,  in  order  to  separate 
^  from  the  fibres.  When  this  paste  has  lost  part  of  its  moisture  by  evaporation, 
w*  Malays  throw  it  into  a  kind  of  earthen  vessels,  of  different  shapes,  when 
^Mv  allow  it  to  dry  and  harden.  This  paste  is  a  wholesome,  nourishing  food, 
'M  may  be  preserved  for  many  years ;  the  Indians  eat  it  diluted  with  wat^r, 
^  lometimes  baked  or  boiled:  a  jelly  is  sometimes  made  of  it,  which  is  white, 
2^  of  a  delicious  flavour.  The  finest  part  of  the  meal  is  mixed  with  water,  and 
■*  pute  ia  rubbed  into  little  round  grains,  like  small  shot,  and  dried.  This  ia 
^  ••go  of  the  shops. 

Sail,  a  sheet  of  canvass  extended  on  a  stay,  yard,  &c.  for  the  purpose  of 
j^Beiring  the  pressure  of  the  wind,  and  thereby  communicating  the  motion  of 
"*•  wind  to  the  vessel  to  which  it  is  attached. 

Sal.    The  Latin  name  for  salt,  commonly  adopted  in  chemical  language, 
^  in  the  following  examples,  which  require  explanations : — 
M^aUmbrothj  a  compound  muriate  of  mercury  and  ammonia. 
Sal-ammomaCf  muriate  of  ammonia. 
M^immoniae,  secretj  sulphate  of  ammonia. 
M  de  Duobmy  sulphate  of  potash. 
Stl^em,  native  muriate  of  soda. 
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Sat-martis,  green  sulphate  of  iron, 
Sal-prunella^  nitrate  of  potash. 

SALIFIABLE  BASES.  Those  metallic,  earthy,  or  alkaline  substances, 
which  have  the  power  of  neutralizing  acidity  entirely  or  in  part,  and  producing 
salts. 

SALT.     A  term  commonly  used  in  chemistry,  to  denote  a  compound  in 

definite  proportions,  formed  hy  the  union  of  an  acid  with  an  alkaline,  earthy, 

or  metallic  base.     We  have  already  given  a  brief  enumeration  of  some  of  the 

most  remarkable,  under  the  article  Chemistry.     In  consequence,  however,  of 

the  progressive  discoveries  which  for  the  last  half  century  have  been  continually 

made,  and  are  still  making,  in  chemistry,  many  deductions,  which,  at  the  time 

they  were  made,  were  considered  as  conclusive  facts,  have  since  been  either 

wholly  abandoned,   or  subjected  to  considerable  modifications.      A   salt  has 

usually  been  denominated  by  chemists  a  neutral  salt,  when  the  proportions  of 

the  constituents  are  so  adjusted,  that  the  resulting  substance  does  not  affect  the 

colour  of  infusion  of  litmus  or  red  cabbage.     When  the  predominancy  of  acid 

is  evinced  by  the  reddening  of  these  infusions,  the  salt  is  said  to  be  acidulous, 

and  the  prefix  super^  or  6/,  is  used  to  indicate  the  excess  of  acid :   thus  we  call 

one  particular  salt  supei>tartrate  of  potash,  and  another,  bi-sulphate  of  lime, 

where  the  acid  exists  in  excess.  But  when,  on  the  contrary,  the  acid  matter  is  in 

too  small  a  quantity  to  completely  neutralize  the  alkalinity  of  the  base,  the  salt 

is  said  to  be  with  an  excess  of  base,  and  the  prefix  sub  is  attached  to  its  name: 

thus  we  have  the  sub-phosphate  of  bismuth,  &c.     We  are  indebted  to  Dr. 

Pearson  for  the  introduction  of  these  very  convenient  distinctions ;    but,  as 

Dr.  Ure  justly  observes,  **  the  discoveries  of  Sir  H.  Davy  have  taught  us  to 

modify  our  opinions  concerning  saline  constitution.     Many  bodies,  such  as 

culinary  salt  and  muriate  of  lime,  to  which  the  appellation  of  salt  cannot  be 

refused,  have  not  been  proved  to  contain  either  acid  or  alkaline  matter ;    but 

must,  according  to  the  strict  logic  of  chemistry,  be  regarded  as  compounds  of 

chlorine  with  metals."     Dr.  Ure  further  remarks,  in  stating  the  opinion  of  Sir 

H.  Davy  on  the  subject,  '*  that  very  few  of  the  substances  which  have  always 

been  considered  as  neutral  salts,  really  contain  in  their  dry  state  the  acids  and 

alkalies  from  which  they  were  formed ; "    and  he  instances  the  muriates  and 

fluates,  neither  of  which,  he  says,  contains  either  an  acid  or  an  alkali ;    and, 

according  to  Gay  Lussac,  the  same  may  be  inferred  of  the  prussiates.     The 

most  important  general  habitude  of  salts  is  their  solubility  in  water,  in  which 

they  usually  crystallize,  and,  by  its  agency,  are  purified,  being  separated  from 

one  another  in  the  inverse  order  of  their  solubility. 

The  commercial  name  of  a  salt  differs  from  that  by  which  it  is  known  to 
chemists  :  it  may  therefore  be  proper  to  show  what  kinds  of  salt  are  to  be  under- 
stood by  the  popular  names  which  they  bear  in  the  shops. 

Ammoniaccd  Mixed  Salt,  muriate  of  lime. 

Ammoniacal  Secret  Salt  of  Glauber,  sulphate  of  ammonia. 

jirsenical  Neutral  Salt  of  Macquer,  super-arseniate  of  potash. 

Bitter  Cathartic  Salt,  sulphate  of  magnesia. 

Common  Table  Salt,  muriate  of  soda.  (We  shall  treat  of  this  kind  more  at 
large  in  a  subsequent  part  of  this  article.) 

Digestive  Salt  of  Sylvius,  or  Diuretic  Saltj  acetate  of  potash. 

Epsom  Salt,  sulphate  of  magnesia. 

Febrifuge  Salt  of  Sylvius,  muriate  of  potash. 

Fusible  Salt,  phosphate  of  ammonia. 

Fusible  Salt  of  Urine,  triple-phosphate  of  soda  and  ammonia. 

Glaubers  Sail,  sulphate  of  soda. 

Marine  Salt,  muriate  of  soda. 

Marine  Argillaceous  Salt,  muriate  of  alumina. 

Microcosmic  Salt,  triple-phosphate  of  soda  and  ammonia. 

Nitrous  Ammoniacal  Salt,  nitrate  of  ammonia. 

Salt  of  Amber,  succinic  acid. 

Salt  of  Benzoin,  benzoic  acid. 

Salt  of  Canalf  sulphate  of  magnesia. 
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Sali  of  Colcothar,  sulphate  of  iron. 
Salt  afSgrOf  sulphate  of  magnesia. 
Essential  Salt  of  Lemons,  super-oxalate  of  potash. 
Salt  of  Saturn,  acetate  of  lead. 
Salt  of  SeidlitZy  sulphate  of  magnesia. 
Salt  of  Seiffneite,  triple-tartrate  of  potash  and  soda. 
Salt  of  Soda,  sub-carbonate  of  soda. 
Salt  of  Sorrelf  super-oxalate  of  potash. 
Salt  of  Tartar,  sub-carbonate  of  potash. 
Salt  if  Fitriol,  purified  sulphate  of  zinc. 

Salt  of  IVlsdom,  a  compound-muriate  of  mercury  and  ammonia. 
Perlate  Salt,  phosphate  of  soda. 
Pofyehrest  Salt  of  Glauber,  sulphate  of  potash. 
Sedative  Salt,  boracic  acid. 
Spirit  of  Salt,  muriatic  acid. 
Sulphureous  Salt  of  Stahl,  sulphate  of  potash. 
Wonderful  Salt,  sulphate  of  soda. 
Wonderful  Perlate  Salt,  phosphate  of  soda. 

Salt,  Culinary;  though  usually  so  denominated,  is  chemically,  the  muriate  of 
di,  and,  according  to  recent  discoveries,  a  chloride  of  sodium,  being  a  compound 
dilorine,  with  the  metallic  base  of  soda.  This  salt  is  obtained  by  a  variety 
methods.  It  is  either  dug  out  of  the  earth  in  a  solid  form,  and  dissolved, 
irified,  and  evaporated  for  use ;  or  sea-water  is  evaporated,  either  by  natural 
artificial  means,  and  salt  is  obtained  from  the  purined  residuum.  The  most 
Dndant  supply  of  rock-salt  in  this  country  is  obtained  from  the  mines  in 
eshire,  where  the  brine  is  pumped  up  from  the  brine-pits,  saturated  with 
'k-ialt,  and  then  boiled.  One  hundred  tons  of  the  saturated  solution  of  rock- 
t  in  sea-water  will  be  found  to  yield  about  twenty-three  tons  of  salt. 
rhe  celebrated  mines  of  Poland,  whence  the  rock-salt  has  been  continually 
itracted  in  immense  quantities  for  a  period  of  upwards  of  five  hundred  years, 
ere,  at  times,  they  have  20,000  tons  ready  for  sale,  is,  however,  not  so  pro- 
stive  as  those  in  Cheshire.  At  Cordova,  in  Spain,  there  is  a  mountain  of 
"^  rock-salt,  from  400  to  500  feet  high,  and  a  league  in  circuit ;  the  depth 
ow  the  surface  of  the  ground  is  unknown.  In  Louisiana,  near  the  river 
■•oari,  there  is  said  to  be  a  mountain  of  pure  rock-salt  of  the  best  quality, 
^b  is  SO  miles  long,  45  miles  wide,  and  of  an  immense  height. 
E*lie  waters  of  the  ocean  every  where  abound  with  common  salt,  though  in 
^rent  proportions  :  the  average  has  been  calculated  to  be  about  one-thirtieth 
its  weight.  In  the  cold  climates,  the  quantity  of  salt  in  the  sea-water  does 
'  Appear  to  be  nearly  so  great  as  between  the  tropics.  In  Russia,  and  other 
tliern  countries,  the  salt  is  usually  obtained  from  the  sea-water,  by  freezing 
'  latter ;  the  ice,  which  is  nearly  fresh,  being  then  removed,  the  remaining 
tie  is  very  strong,  and  is  subsequently  evaporated  by  boiling.  In  the  southern 
"ta  of  Europe,  and  other  warm  countries,  the  usual  moae  of  obtaining  the 
^  is  by  spontaneous  evaporation.  A  flat  piece  of  ground  near  the  sea  is 
^•en,  and  banked  round,  to  prevent  its  being  overflowed  at  high  water.  The 
^  within  the  banks  is  divided  by  low  walls  into  several  compartments, 
^h  successively  communicate  with  each  other.  At  flood  tide,  the  first  of 
^^  is  filled  with  sea-water ;  which,  by  remaining  a  certain  time,  deposits  its 
'purities,  and  loses  part  of  its  aqueous  fluid.  The  residue  is  then  suffered  to 
^  into  the  next  compartment,  and  the  former  is  filled  again  as  before.  From 
|B  second  compartment,  after  a  due  time,  the  water  is  transferred  into  a  third, 
^jch  is  lined  with  clay,  well  rammed  and  levelled.  At  this  period,  the  evapo* 
^Q  is  usually  brought  to  that  degree,  that  a  crust  of  salt  is  formed  on  the 
'^^Ace  of  the  water,  which  the  workmen  break,  and  it  immediately  falls  to  the 
^^m.  Tliey  continue  to  do  this  until  the  quantity  is  sufficient  to  be  raked 
^^  tnd  dried  in  heaps :  this  is  called  bav-salt, 

^Q  several  parts  of  France,  and  on  the  coast  of  China,  the  sknds  of  the  sea- 
^^  are  washed,  and  the  brine  thus  obtained  is  subseq|uently  evaporated  in 
^^>kn.    In  various  places  of  Germany  and  France,  the  salt  waters  are  ^uvci'^d. 
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up  to  the  top  of  very  extensive  sheds,  filled  with  brushwood,  over  which  it  ii 
duly  distributed  by  means  of  gutters,  whence,  falling  in  drops  from  sprig  to 
sprig,  a  rapid  evaporation  takes  place  over  an  immense  surface  ;  the  same  wstcr 
is  pumped  up  many  times  before  it  is  sufficiently  concentrated  to  be  drawn  cff 
into  boilers,  which^  complete  the  operation.  In  Mr.  Bakewell's  TrovehiMlie 
Tarenf/zise,  is  given  an  mteresting  description  of  a  great  work  of  this  kind,  at 
Montiers ;  which  the  author  says,  is  perhaps  the  best  conducted  of  soy  in 
Europe,  with  respect  to  economy.  Although  the  waters  of  Montiers  have  oiilj 
half  the  strength  of  sea-water,  yet  the  process  of  evaporation  is  eo  conducted  « 
to  afford  a  good  profit ;  the  arrangements  are  necessarily  very  shnple  and  inge- 
nious, and  might  probably  be  introduced  with  great  adventage  in  many  parts  of 
our  own  coast.  Wc  have  not  space  for  the  details.  The  gradmtUiom  ktmOt 
described  at  page  669  in  Dr.  Ure's  Chemical  Dictionary,  (second  editioo,) 
arc  works  of  a  similar  kind,  and  are  there  explained  by  engravings. 

Tlie  Maison  de  Cordetf  invented  by  Battel,  a  Savoyard,  is  another  my 
simple  and  effective  contrivance,  described  by  Mr.  Bakewell,  in  the  befare*men- 
tioned  work,  and  is,  perhaps,  better  worthy  of  introduction  into  our  cotomDS 
than  the  details  of  the  Maison  d'EpineSf  already  briefly  noticed.  It  is  forty 
yards  in  length,  and  eleven  wide ;  the  roof  is  supported  upon  six  arcbei  of 
stone-work,  the  intermediate  space  on  the  sides  being  leA  open.  In  ever}' one 
of  these  divisions  are  twelve  hundred  cords,  in  rows  of  twenty-four  each,  hu- 
pended  from  the  roof,  and  tight  at  bottom. 

The  cords  are  about  sixteen  feet  in  length.  The  water  is  raised  toa  reserroir 
at  the  top  of  the  building,  and  distributed  into  a  number  of  small  traoirene 
canals,  each  row  of  twenty-four  cords  having  one  of  these  canals  over  it,  wltidi 
is  so  pierced  as  to  admit  the  water  to  trickle  down  each  separate  cord,  drop  bv 
drop.  The  original  intention  of  this  building  was  to  crystallize  the  salt  im 
upon  the  cords,  for  which  purpose  the  water  was  made  use  of  from  the  pani, 
after  it  had  deposited  a  quantity  of  salt  in  the  first  boiling ;  to  save  the  expense 
of  fuel  on  a  second  boiling,  the  residue  water  of  the  firnt  boiling,  by  repeatedly 
passing  over  the  cords,  deposited  all  its  salt  in  about  forty- five  dajrs;  and  the 
cords  were  incnisted  with  a  cylinder  of  pure  salt,  which  was  broken  off  by  • 
particular  instrument  for  this  purpose.  This  process  is  at  present  abandoiM 
for  crystallizing ;  but  the  cords  are  still  used  for  evaporating,  and  are  fboiid  H 
answer  better  for  the  higher  concentration  of  the  water  than  the  fiiggots.  TVi 
method  did  not  answer  for  the  first  evaporation,  because  the  water  rotted  dx 
cords ;  but  it  was  discovered  that  the  cords  were  not  soon  injured  by  it,  wbfli  it 
had  acquired  five  degrees  of  strength.  The  cords,  Mr.  Bakewell  was  informed, 
had  many  of  them  remained  thirty  years  in  use  without  being  changed ;  indocdl 
they  were  so  thickly  encased  with  depositions  of  selenite,  that  they  were  dsMfd 
from  the  action  of  the  water.  This  mode  of  evaporating  is  found  to  bi  man 
expeditious  than  that  of  the  faggots.  In  the  Maison  de  Vordes  the  evapoialiii 
goes  on  more  speedily  in  windy  weather  than  in  the  Maison  dEpmet,  ai  Biigli' 
be  expected  from  the  more  ready  access  of  air  to  the  surface  of  the  water* 

The  cords  are  double,  passing  over  horizontal  rods  of  wood  at  the  top  and  tilt 
bottom,  to  keep  them  firm  in  their  positions,  and  at  regular  distances  fromMck 
other.  Mr.  Bakewell  did  not  see  the  cords  without  their  envelope  of  seleBil^ 
but  was  informed  that  they  were  not  thicker  than  the  finger.  With  the  inooi' 
tation,  they  were  become  as  thick  as  the  wrist 

Under  the  head  of  Evaporation,  we  have  explained  the  principle  of  t^ 
operation,  and  described  a  variety  of  very  ingenious  apparatus,  of  proved  €§* 
cacy,  to  which  the  reader  is  now  referred.  In  this  pUce  we  shall  bringoidtf 
tlie  consideration  of  the  reader  several  recently  patented  iniprovemeBti  ■ 
machinery  of  the  same  kind,  but  of  diversified  forms,  expressly  designed  6f 
the  manufacture  of  salt  on  the  great  scale. 

The  specification  of  Messrs.  Jump  and  Court's  patent  informs  us,  that  tbt 
ordinary  method  of  obtaining  salt  is  by  evaporating  the  saline  fluid  in  ttuoi^ 
shallow  pans,  heated  by  fires  and  flues  underneath  ;  that  these  pans  are  soniK'^ 
with  the  water  in  a  cold  state,  the  repeated  effusion  of  which  materially  otcb 
the  evaporation ;  and  \.\\al  Uveir  improved  method  conitsts  in  beating  and  '^ 
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ihe  talt  water,  by  a  simple  arrangement  previout  to  its  entering  the 
this  purpose  the  reservoir  of  salt  water  is  elevated  abore  the  pans, 
e  which  supplies  them  with  the  brine  first  passes  through  all  the 
neath,  which  brings  the  liquid  quickly  to  a  boiling  temperature,  in 
>  it  is  discharged,  by  means  of  a  curved  pipe,  into  the  pans  above, 
atly  facilitating  and  abridging  the  process  of  concentration.  A  stop- 
oed  in  the  supply-pipe,  so  that,  as  often  as  it  is  desired  to  replenish 
is  cock  is  opened,  and  the  superincumbent  pressure  of  the  water  in 
r  forces  out  the  boiling  brine  from  the  pipe  into  the  pan,  the  pipe 
1  lieu  thereof,  the  cold  liquid  from  the  reservoir, 
ison,  of  Droitwich,  according  to  his  patent  of  1827,  employs  steam 
degrees  of  heat  to  produce  the  evaporation  in  pans  inclosed  from  the 
,  so  that  the  vapour  arising  from  tne  first  pan,  where  the  fine  salt  is 
I  employed  in  heating  the  second;  where  the  hroad  salt  is  formed ; 
our  arising  from  the  latter  is  employed  in  like  manner,  to  produce 
pan  British  bay-salt 

of  the  steam  boiler  is  represented  in  the  annexed  drawing,  divided 
ortions,  a,  6,  and  c  ;  and  steam  is  generated  in  one  or  more  of  these 


cording  to  the  supply  required.    When  the  steam  in  a  is  raised  to  a 

twenty-five  pounds  on  the  square  inch,  that  in  h  will  be  twelve, 
1 1  five  pounds.     When  only  one  of  the  divisions,   a,  of  a  steam- 

•eventeen  feet  by  ten  is  employed,  it  will  heat  pans  to  the  extent 
ixe  feet  up  to  164^  Fahr. ;  and  when  the  three  aivisions,  a,  6,  and 
leather,  an  extent  of  4300  square  feet  will  be  heated  to  the  same 
• 

1  if  conveyed  in  a  pipe  from  the  boiler  to  a  steam-vessel  e,  under 
t-pan  f.  This  pan  is  made  steam-tight,  and  the  steam  arising 
onveyed  by  a  pipe  to  a  similar  vessel  under  the  broad  salt-pan  k. 
9ad  salt-pan  k  is  placed  the  bay  salt-pan  m,  and  the  space  between 
oeed  by  thin  boards,  or  other  light  material,  to  confine  the  vapour 

k  in  order  to  produce  the  required  heat  in  the  pan  m.  This  pan 
sst  in  the  middle,  as  represented  in  the  drawing,  so  that  water  con- 
a  lowest  surface  may  be  collected  in  one  place,  where  it  is  received 

off  in  a  spout,  to  prevent  its  return  into  the  brine  in  the  lower 

tee  considers  it  of  great  importance  to  keep  the  bottom  of  the  pans 
;  and  for  that  purpose  employs  rakes,  which  are  kept  constantly  in 
\  steam  engine.  These  rakes  deposit  the  salt  in  receptaclet  at  the 
pans.  The  rods  by  which  the  rakes  are  moved  pass  through  stuffing 

pans,  to  prevent  the  escape  of  steam.  When  there  are  many  cakea 
put  in  motion,  it  is  effected  by  a  horizontal  shaft  from  the  steam* 
th,  by  means  of  bevel  gearing,  puts  in  motion  a  series  of  nuts, 
Q  the  rake-rods,  by  which  the  various  rakes  are  made  alternately  to 
1  recede, 
irpoae  of  making  the  interior  surface  of  the  pans  snrootb,  to  facilitate 

of  the  salt,  the  pieces  of  which  it  is  composed  are  united  by 
ra  the  edges  at  right  angles^  and  rivt tting  mm  togeilwr.    Th» 
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Bteam  vcnels  under  the  pani  are  Btrengthmed  by  a  dumber  of  link-btto 
attached  to  the  joining*  underneath  the  pans  by  s  forked  end.  taking  in  ths 
bent  joinings,  end  to  the  bottom  of  the  steam  veBsel,  by  being  hooked  to 

Mr,  Fumival,  a  spiriled  manufacturer  of  srU  on  an  extengive  ieale,  ba« 
taken  out  several  palenta  for  improvement!  in  the  mechanical  arrangementi  of 
the  procex.  Hia  last  patent,  which  embodiea  the  leading  characteriatiei  ofbi* 
previous  plana,  may  be  explained  with  reference  to  the  annexed  diagram,  nhicb 


fc^ajHl 


represents  a  vertical  section  of  the  apparatus,  with  two  tiers  of  pans,  o  a  a  m 
are  four  furnaces,  the  flues  from  which  are  extended  under  a  considerable  range 
or  surface  of  the  pans,  which  are  of  the  shape  represented  at  b  c,  the  deep  part 
e  being  made  to  receive  Ibe  salt  thrown  over  by  the  ebullition,  and  also  such 
portion  as  may  be  scraped  from  the  surface  of  6,  by  means  of  tlie  initrument) 
shown  at  d  d.  Tlie  deep  chambers  being  removed  from  the  direct  action  of  the 
fire,  prevent  the  salt  deposited  therein  from  becoming  burned  ;  and  these  recep- 
tacles being  at  the  sides,  the  salt  is  conveniently  scooped  out.  The  steam  raised 
from  the  lower  range  of  pans  is  then  employed  to  heat  an  upper  range  e  «  of 
less  area,  supportea  upon  suitable  frnmiiig,  lined  interiorly,  to  conline  the  steam, 
wi^  boards.  In  order  that  the  water  resulting  from  the  condensation  i^  the 
ileam  against  the  bottoms  of  the  upper  pans,  may  not  fall  back  into  the  lower 
pans,  two  inclined  planes  are  formed,  which  receive  the  condensed  water, 
and  conduct  it  into  a  pipe,  whence  it  is  carried  oW  by  a  gutter  underneath. 
lu  these  inclined  planes  suitable  apertures  are  made  for  the  passage  of  the 
ascending  steam  from  the  tower  to  the  upper  boilers. 

The  patentee  also  proposes  to  beat  a  third  set  of  pans  above  the  second ;  for 
this  purpose  there  is  a  central  aperture  to  conduct  the  steam  to  them;  this 
aperture  is  covered  with  a  cap. 

The  object  of  Meisrs.  Braithwaile  and  Ericson,  who  speciHed  a  patent  in 
1830,  for  "an  improved  metliod  of  manufacturing  salt"  is  the  macuiacture  of 
better  salt  with  a  less  expenditure  of  fuel,  which  they  propose  to  efiect  by 
beating  the  brine  considerably  above  the  boiling  point,  before  any  evaporatioD 
is  permitted  to  take  place.  This  is  done  by  confining  the  brine,  while  heating, 
in  a  close  boiler,  and  then  permitting  it  to  pass  from  a  pipe  of  large  dimeusioni, 
extending  considerably  above  the  top  of  the  boilerinto  a  shallow  evaporating 
vessel,  where  the  process  goes  on  till  it  ceases,  from  the  reduction  of  the 
temperature ;  when  the  brine  is  conveyed  to  the  boiler,  entering  at  the  bottom, 
and  again  heated ;  and  thus  a  circulation  is  kept  up  on  the  principle  of  the 
methods  which  we  have  before  described,  for  communicating  heat  by  Um 
circulation  of  hot  water.    The  lower  eod  of  the  pipe  which  eztenda  Irrai  tha 
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IboOer  is  enlarged  for  the  reception  of  a  pair  of  vanei,  fixed  on  a  Ter- 
artending  through  a  stuffing  box  at  the  top,  where  a  pulley  is  attached 
nicate  motion  to  the  vanes,  by  which,  according  to  the  patentee's 
the  circulation  of  the  fluid  is  promoted.  The  bnne  is  maae  to  pass 
deep  vessel,  with  a  vertical  partition,  before  it  enters  the  evaporator, 
;li  another  in  its  return  to  the  boiler.  The  evaporator  is  a  long  vessel, 
1  of  a  parallelogram  ;  and  a  vertical  partition  extending  from  the  end 
oiler  to  within  a  small  distance  of  tne  other  end,  causes  the  fluid  to 
one  side  and  return  by  the  other.  As  the  water  evaporates  the  salt 
d  on  the  bottom  of  the  evaporating  vessel,  and  is  removed  therefrom 
I,  in  the  usual  manner.  The  principal  advantage  of  this  arrangement 
■e  removal  from  the  Are  of  the  surface  on  which  the  salt  is  deposited ; 
Hniently,  the  formation  of  pan-crust,  or  scratch-salt,  is  completely 
;  for,  as  no  evaporation  takes  place  in  the  boiler,  no  salt  can  be  depo- 
f.  There  are  a  set  of  covers  for  diminishing  at  pleasure  the  evapo- 
face,  by  which  the  fineness  of  the  crystals  of  salt  can  be  regulated 
;reatest  facility.  This  arrangement  evidently  contains  many  advan- 
ar  as  regards  the  ouality  of  the  salt ;  and  when  it  is  considered  that 
ommunicated  to  the  brine  can  only  escape  by  evaporation  (as  the 
ssel  is  made  of  non-conducting  materials),  its  economical  application 
ise,  be  found  an  inducement  for  its  employment. 
I  and  importance  of  salt  as  a  culinary  article  are  pretty  well  under- 
there  are  some  particulars  relating  to  its  combination  with  foreign 
,  and  its  several  varieties  which  thence  arise,  for  which  we  must  seek 
1  of  the  chemist  Dr.  Henry  has  favoured  us  with  the  result  of  his 
ind  elaborate  investigations  for  determining,  with  accuracy,  the  dif- 
sties  of  common  salt.  (See  the  Philosophical  Tranaaciions  for  1810.) 
dt  prepared  by  rapid  evaporation,  the  insoluble  portion,"  says  Dr. 
B  a  mixture  of  carbonate  of  lime  with  carbonate  of  magnesia,  and  a 
OS  sand ;  and  in  the  salt  prepared  from  Cheshire  brine,  it  is  almost 
rbonate  of  lime.  The  insoluble  part  of  the  less  pure  pieces  of  rock- 
9y  a  marly  earth,  with  some  sulphate  of  lime." 

f  the  various  substances  contained  in  SaUf  according  to  Dr.  Henry's 

Experiments, 
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The  kind  of  salt  which  possesses,  according  to  Dr.  Henrj,  most  embendy 
the  combined  properties  of  hardness,  compactness,  and  perfection  of  crystal^ 
vrill  be  best  adapted  to  the  purpose  of  packing  fish  and  other  proriaions,  becaoM 
it  will  remain  permanently  between  the  different  layers,  or  will  be  very  gn- 
dually  dissolved  by  the  fluids  that  exude  from  the  provisions ;  thus  furnishiog  a 
slow  but  constant  supply  of  saturated  brine.  On  the  other  band,  for  the  purpoN 
of  preparing  the  pickle,  or  of  striking  the  meat,  which  is  done  by  immenion  in 
a  saturated  solution  of  salt,  the  smaller  grained  varieties  answer  equally  weli, 
or,  on  account  of  their  greater  stability,  even  better. 

SANDAL  WOOD.  A  fine,  hard,  lemon-coloured  wood,  having  a  fragnoi 
odour.  It  grows  chiefly  in  India,  and  is  valued  for  its  medicinal  virtues.  Ill 
chief  use  in  the  arts,  is  for  the  finer  species  of  cabinet  and  inlaid  work,  dM 
fabrication  of  fans,  rules,  and  various  articles  of  turnery,  toys,  &c 

SANDARACH  GUM.  A  resinous  juice,  which  exudes  from  the  tmnkiaad 
thick  branches  of  several  kinds  of  juniper,  in  warm  climates,  and  particnladf 
on  the  coast  of  Africa,  from  incisions  made  in  the  bark.  It  has  a  light  agict* 
able  smell,  and  is  sometimes  used  medicinally,  but  more  generally  m  muiBf 
varnishes. 

SAN  DIVER.  A  whitish  salt,  continually  cast  up  from  the  metal  (as  itii 
called,)  whereof  glass  is  made;  and,  swimming  on  its  surface,  is  skimmed flC 

SANDSTONE,  in  Mineralogy^  is  essentially  composed  of  grains  or  paitidci 
of  sand,  either  united  by  a  mixture  with  other  mineral  substances,  or  adberiif 
without  any  visible  cement.  The  grains  of  sandstones  are  generally  qoait^ 
sometimes  intermixed  with  felspar  or  slate. 

SAPPHIRE.  A  precious  stone,  of  which  there  are  several  varietiei;  BOt 
to  diamond,  it  is  considered  the  most  valuable  of  gems.  The  white  and  Mb 
blue  varieties,  by  exposure  to  heat,  become  snow  white,  and,  when  cut,  exlual 
so  high  a  degree  of  lustre,  that  they  are  used  in  place  of  diamond.  The  oMit 
highly  prized  varieties  are  the  crimson  and  carmine  red ;  these  are  the  oridtd 
ruhy  of  the  jeweller ;  the  next  is  sapphire^  and  last,  the  yellow,  or  oriental  tepft 
The  asterias,  or  star  stone,  is  a  very  beautiful  variety,  of  which  the  cokor  ii 
generally  violet-red,  and  the  form  a  rhomboid,  with  truncated  apices,  wUik 
exhibit  an  opalescent  lustre.  A  sapphire  of  ten  carats'  weight  is  considered  It 
be  worth  fifty  guineas.  An  oriental  ruhy  of  thirty  carats,  without  flaws,  sad  cf  a 
perfect  colour,  is  considered  almost  as  valuable  as  a  diamond  of  the  same  ve^gkL 

SARDONYX.  A  precious  stone,  consisting  of  a  mixture  of  chalcedoDyail 
cornelian,  sometimes  in  strata,  but  at  other  times  blended  together.  It  iiiDnl 
first  striped  with  white  and  red  strata,  which  may  be  cut  in  cameo  as  well  ai  Ai 
onyx.  Second  ;  white,  with  red  dentritical  figures,  much  resembling  themac^ 
atone,  excepting  that  the  figiures  in  the  latter  are  of  a  black  colour,  instead  aft 
red.  There  is  no  real  difference,  except  in  the  circumstance  of  hardness,  betnca 
the  onyx,  cornelian,  chalcedony,  sardonyx,  and  agate,  notwithstanding  tkedift* 
rent  names  bestowed  upon  them.  This  stone  was  formerly  much  employed  if 
the  sculpture  of  cameos. 

SARSAPARILLA.  A  medicinal  root,  obtained  from  Peru ;  \Xcoioxahd% 
great  number  of  long  strings,  hanging  from  one  head ;  they  are  given  in  deBl^ 
tion,  as  a  diet  drink. 

SASHES.  Those  parts  of  the  frame  of  an  ordinary  window  into  vU 
the  glass  is  fixed.  Some  improvements  upon  these  are  given  under  the  stidi 
Window. 

SASSAFRAS.  The  wood  of  an  American  tree,  of  the  laurel  kind,  importid 
in  large  straight  blocks ;  it  is  said  to  be  *'  warm,  aperient,  and  corroboniiC' tf' 
to  be  oflen  successfully  employed  in  purifying  the  blood,  for  which  pmpoie* 
Infusion,  in  the  way  of  tea,  is  a  very  pleasant  drink ;  its  oil  is  fragrant,  andf*: 
sesses  most  of  the  virtues  of  the  wood. 

SATIN.  A  kind  of  silken  stuff,  very  smooth  and  shining.  The  ««/> 
coarse,  and  hidden  imdemeath  the  warp,  which  is  finCj  and  stands  on^  tid^ 
this  depends  its  gloss  and  beauty. 

SATURATION.  The  act  of  imbibing  till  no  more  can  be  received.  Atf 
that  holda  in  solution  as  much  of  any  suSitance  as  it  can  diaiolTC^  is  said  to  bt 
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saturated  with  it.  But  saturation  with  one  substance  does  not  deprive  the 
fluid  of  its  power  of  acting  on,  and  dissolving  some  other  bodies,  and  in  many 
cases  it  increases  this  power.  For  example,  water  saturated  with  common 
salt  will  dissolve  sugar ;  and  water  saturated  with  carbonic  acid  will  dissolve 
iron,  though  without  this  addition  its  action  on  this  ;metal  is  scarcely  percep- 
tible. The  word  saturation  is  likewise  used  in  another  sense  by  chemists : 
the  union  of  two  principles  produces  a  body,  the  properties  of  which  differ  from 
those  of  its  component  parts,  but  resemble  those  of  the  predominating  principle. 
When  the  principles  are  in  such  proportion  that  neither  predominates,  they 
are  said  to  be  saturated  with  each  other ;  but,  if  otherwise,  the  more  predomi- 
nant principle  is  said  to  be  sub-saturated,  or  under-saturated,  and  the  other 
super-saturated,  or  over-saturated. 

SAWS,  AND  SAW-MILLS.  A  saw  is  a  cutting  instrument,  with  a  serrated 
edge ;  a  saw-mill,  a  machine  or  building,  wherein  several  or  many  of  these 
instruments  are  actuated  by  horse,  wind,  steam,  water,  or  other  power  not 
derived  from  human  agency.  In  the  earliest  ages,  the  trunks  of  trees  were 
split  with  wedges  into  as  many  and  as  thin  pieces  as  possible ;  and  if  it  was 
necessary  to  have  them  still  thinner,  they  were  hewn  or  shaved  by  sharp  instru- 
ments, until  reduced  to  the  required  dimensions.  This  simple  yet  wasteful 
method  of  making  boards  has  been  continued  in  some  places  up  to  the  present 
time.  Timber  is  divided  by  riving  more  expeditiously  than  by  sawing ;  and 
the  boards  are  much  stronger,  as  the  grain  of  the  wood  is  preserved,  instead  of 
being  cut  through  by  the  saw,  which  lessens  its  cohesion  or  strength.  For  this 
reason,  an  oak  rafler  or  beam,  that  has  been  sawn,  is  not  generally  so  strong  as 
one  of  deal,  owing  to  the  straightness  and  uniformity  of  the  fibres  of  the  latter 
being  preserved  whole,  instead  of  being  cut  through,  as  in  the  irregular  grained 
oak.  The  staves  of  casks  are  mostly  made  of  split  timber,  as  they  can  be  bent 
without  injury,  and  are  not  easily  broken  by  percussion. 

The  invention  of  saws  is  of  very  great  antiquity ;  the  Greeks  placed  the 
inventor  in  their  mythology,  among  those  whom  they  honoured  as  the  greatest 
benefactors  of  mankind.  The  invention,  it  is  said,  originated  in  the  circum- 
stance of  a  jaw-bone  of  a  snake  having  been  employed  as  an  experiment  to  cut 
through  a  small  piece  of  wood,  which  succeeded  so  well  that  the  operator  deter- 
mined to  make  one  of  iron.  By  a  painting,  which  is  preserved  among  the  ruins 
of  Herculaneum,  it  is  evident  that  the  saws  of  the  Grecian  carpenters  had  the 
same  form,  and  were  made  in  the  like  ingenious  manner,  as  ours  are  at  present. 
Two  genii  are  there  represented  as  at  work  with  a  saw,  which  has  a  perfect 
resemblance  to  our  frame  taw.  In  the  bench  on  which  the  wood  is  laid  there 
are  a  number  of  holes,  into  which  the  cramps  that  hold  the  timber  are  struck, 
which  are  likewise  of  a  similar  form  to  our  own,  being  like  the  figure  7. 

Saw-mills  are  likewise  of  greater  antiquity  than  is  generally  supposed.  So 
early  as  the  fourth  century  a  saw-mill  was  erected  on  the  small  river  Roeur,  in 
Germany ;  it  is  probable,  however,  that  this  was  but  a  rude  contrivance,  as  we 
find  writers  of  more  modem  times  speaking  of  saw-mills  as  new  and  uncommon. 
The  old  construction  of  them  had,  therefore,  very  likely,  been  lost,  or  the  im- 
provement was  so  great  as  to  cause  the  more  modern  to  be  looked  upon  as  new 
inventions. 

It  cannot,  however,  be  doubted  that  saw-miUs  have  been  in  use  more  than 
four  hundred  years.  Upon  the  discovery  of  Madeira,  in  1420,  mills  were 
erected  there  for  sawing  into  planks  the  various  excellent  timber  with  which  the 
island  abounded.  The  city  of  Breslaw  had  a  saw-mill  in  1427,  which  produced 
a  yearly  rent  of  three  marks.  Erfurt  had  a  saw-mill  in  1490.  In  Norway  the 
first  saw-mill  was  built  in  1530.  Soon  after,  the  first  saw-mill  was  built  in 
Holstein,  another  at  Joachinstall.  In  the  year  1555  the  bishop  of  Ely, 
ambassador  from  Queen  Mary  to  the  court  of  Rome,  having  seen  a  saw- 
mill at  Lyons,  it  was  thought  worthy  of  a  particular  description.  It  was 
not,  however,  until  the  sixteenth  century  that  saw-mills  received  the  great 
improvement  of  having  several  different  saw-blades,  by  which  a  piece  of  timber 
was  cut  into  many  planks  at  the  same  time.     At  Saardam,  in  Holland,  were 
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erected  a  vast  number  of  saw-mills,  and  it  has  still  a  great  many,  notwithsCmfiBt 
more  than  a  hundred  have  been  given  up  of  late  years.  The  largest  saiMW 
that  has  perhaps  ever  been  constructed  is  in  Sweden,  where  a  water-wbed,  12 
feet  in  breadth,  drives  no  less  than  72  saws  at  the  same  time. 

It  was  not  until  the  seventeenth  century  that  saw-mills  were  introduced  iots 
England,  attended  with  the  most  violent  opposition  from  the  sawyers,  whs 
apprehended  they  would  be  the  means  of  depriving  them  of  their  sobsiileBee. 
Some  that  were  undertaken  were  abandoned  at  the  outset,  and  othen  wen 
destroyed  by  the  populace. 

The  saw-milla  of  the  present  day  are  of  two  distinct  kinds ;  the  ctreiilar,  Am 
that  cut  by  a  continuous  rotatory  motion,  and  the  redprocatlng,  which  opente 
as  the  common  pit  or  frame-saw.  The  circular  saw-mUlt  are  for  the  most  pst 
used  for  cutting  up  timber  of  small  dimensions ;  and  the  reek>roeatmg  fat  iap 
timber,  in  forming  beams,  rafters,  planks,  &c.  out  of  large  timber.  The  omI 
important  machinery  of  the  kind  was  erected  by  Mr.  Brunei,  at  Portsmoatk,li 
whom  the  mechanical  world  is  indebted  for  many  important  inventions  mi 
improvements. 

Having  thus  briefly  sketched  the  history  of  this  important  though  maj/b 
invention,  we  shall  proceed  to  the  description  of  its  variously  modified  ktm, 
and  the  processes  employed  at  Sheffield  in  their  manufacture ;  to  which  we  iM 
add  an  account  of  the  general  arrangement  of  saw-mills,  and  a  more  detilii 
explanation  of  some  improvements,  by  which  its  utility  has  been  extended. 

Saws  are  made  of  a  great  variety  of  forms  and  sizes,  to  adapt  than  to  Ik 
materials  on  which  they  are  designed  to  operate.  The  most  common  are  fkm 
used  by  carpenters,  who  require  in  ordinary  no  less  than  ten  diflferent  siffi; 
namely,  a  cross-cut  saw,  for  dividing  a  tree  or  log  transversely,  by  means  of  tw 
workmen,  one  on  each  side,  who  alternately  pull  the  saw  towards  them,  the  Isrfb 
being  made  to  cut  equally  in  each  direction ;  a  pitrsaw,  for  sawing  the  lop  W 
into  planks  or  scantlings,  the  operation  bein?  perfonned  in  a  pit  by  a  ftrim 
motion  of  the  saw,  and  usually  by  a  class  of  workmen  called  sawyen*;  a  bi|i 
frame-saWf  which  is  a  saw-plate  Ave,  six,  or  seven  feet  long,  stretched  in  a  frvM^ 
and  used  to  cut  timber  longitudinally  with  greater  nicety  than  the  pUmm;  t 
riprnng'SaWf  which  is  a  hand-saw,  with  a  blade  twenty-eight  ^r  thirty  indieski^ 
and  having  large  teeth  for  ripping,  or  cutting  out  stuff  coarsely  and  quiddf ;  a 
hand-saw  (peculiarly  so  denominated),  usuaUy  provided  with  a  twenty«z  M 
blade,  and  angular  teeth,  five  to  the  inch ;  a  panel-saw  is  the  tame  tf  Ai 
hand-saw,  but  with  finer  teeth,  (seven  or  eight  to  the  inch,)  for  cutting  slaffMf 
clean,  and  for  the  more  delicate  or  exact  species  of  work.  Saws  wiu  veij  Im 
teeth,  and  very  thin  blades,  stiffened  with  stout  pieces  of  iron  or  brass,  iMld 
to  the  back  edge,  are  also  used,  of  several  kinds,  which  are  distinguished  WAt 
several  terms,  dovetaU,  sashy  carcase^  and  tenon,  indicative  of  their  uses,  anadii 
of  their  sizes,  which  vary  from  six  to  twenty  inches  in  length ;  semsl  Mf 
narrow  saws,  indifferently  called  loeh,  compass,  key-hole,  and  ternsy  mm,  V 
cutting  out  small  pieces,  and  rounding  work :  small  fintme-wawe,  six  or  s^ 
inches  long,  are  sometimes  required  by  the  carpenter  for  cutting  both  wosi  i*i 
iron ;  the  teeth  of  the  latter  being  smaller  and  more  obtuse  Uum  the 
There  are  many  saws  used  by  other  mechanics  which  differ  from  the 
the  details  of  which  would  be  uninteresting ;  we  shall  therefore  proceed  to 
a  brief  notice  of  the  process  of  manufacturing  saws,  as  practised  at  SkMk 
from  whence  three-fourths  of  the  inhabitants  of  the  globe  are  supplied. 

The  very  commonest  kind  of  saws  are  made  of  iron  plates,  hammer  hndwi 

and  planished  upon  an  anvil,  to  give  them  some  degree  of  stiffiiess  ami  ^Ma^ 

Such  instrtiments  are,  of  course,  spurned  by  the  workmen ;  neverlbito  * 

.  their  cost  is  but  trifling,  they  are  purchased  in  great  quantities  bj  \hm  *ks 

consider  any  saw  to  be  better  than  no  saw  at  all. 

The  more  useful  saws  which  workmen  employ  are  made,  nominally,  tivAM 
shear  or  cast  steel ;  but  the  quality  of  these  materials  may  diflfer,  as  wdlsi  Ai 
saws  made  of  them,  in  every  possible  degree.  The  common  test  of  a  good  i^ 
that  of  bending  it  into  a  bow,  and  letting  it  spring  again  into  a  ftff^ 
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16^  if  conndered  by  some  persons  as  a  fallacious  and  unnecessaiy  test,  and  that 
■ometimes  spoils  a  saw,  possessing  in  other  respects  all  the  properties  of  a 
tlnable  tooL  A  dispute  has  been  raised  on  this  point,  and  ably  advocated  on 
»lk  sides.  For  our  own  parts,  we  would  simply  observe,  that  such  process  of 
ringing  infallibly  proves  two  of  the  essential  properties  of  a  good  saw,  namely, 
iHormity  of  thickness  in  the  blade,  and  perfect  elasticity  ;  properties  indispen- 
bij  necessary  to  the  unskilful,  who  have  not  acquired  the  tact  of  holding  the 
w  lightly  and  moving  it  constantly  in  the  same  plane ;  and  who,  in  consequence, 
»qoently  bend  the  saw,  which  is  thus  infallibly  spoiled  ;  it  does  not  spring  back 
its  previous  strai^htness. 

£xperience  has  shown  that  cast  steel  is  the  best  material  for  making  saws,  as 
dl  as  moat  other  tools,  on  account  of  the  greater  uniformity  of  iu  structure, 
lich  is  not  lost  by  the  subsequent  operations  of  rendering  it  malleable  and 
lakic.  To  prepare  this  material,  the  liquid  metal  is  poured  into  a  cast-iron 
mild,  out  of  wnich  the  casting,  when  cooled,  is  taken,  in  the  form  of  a  small 
ib^  about  1|  inch  thick.  This  slab  is  next  laminated  between  rollers  until  it 
extended  to  the  required  dimensions.  If  intended  for  the  larger  kind  of  saws, 
mill  or  pit-saws,  the  whole  piece  may  be  required,  in  which  case  it  is  clipped 
'  ibcars  to  the  required  shape ;  but  if  for  smaller  articles,  it  is  cut  up  mto 
liable  pieces ;  the  edges  are  next  perfected  by  filing,  and  holding  the  flat 
tm  of  the  plates  against  large  grindstones,  which  process  prepares  them  for  the 
tting  of  the  teetn.  This  operation  is  usually  performed  by  a  die-cutter  in  a 
K-omSy  the  motion  of  the  saw-plate  being  duly  regulated,  so  that  the  teeth 
all  be  uniform ;  the  large  teeth  being  cut  one  at  a  time ;  and  the  smaller,  two, 
PMy  or  more  at  a  time,  according^o  circumstances.  The  wire  edges  left  on  the  teeth 
tiie  plates  by  the  cutting-out  press,  are  next  removed  by  filing.  The  operations 
hardeniDg  and  tempering  succeed,  which  require  considerable  care  and 
ttntion  on  the  part  of  the  operator.  A  variety  of  fatty  compositions  have  been 
BOmmended  for  this  purpose,  as  possessing  peculiar  efficacy  in  hardening, 
miait  which  we  may  mstance  that  recommended  by  Mr.  Gill,  who  appears  to 
wm  had  considerable  experience  in  matters  of  the  kind,  and  to  be  somewhat 
i|uainted  with  chemical  science ;  we  should,  otherwise,  have  taken  an  exception 
the  variety  of  similar  ingredients  in  his  caldron.  He  desires  us  to  melt 
nUier  31bs  of  black  rosin  and  lib  of  pitch,  and  to  these  (when  melted)  one 
Hon  of  neatsfoot  oil,  201bs  of  beef  suet,  rendered,  and  twenty  gallons  of 
oil.  All  these  are  to  be  heated  together  in  an  iron  vessel  until  the 
▼apour  is  driven  off,  and  the  composition  will  take  fire  by  the  applica- 

of  flame  to  the  surface,  which  is  then  to  be  extinguished  by  placing  on  the 
.  ^r  of  the  vessel.  The  saw-plates  being  now  heated  in  a  reverberating  or  other 
ilp^le  furnace  to  a  cherry  red,  are  precipitated  edgewise  into  the  liquid 
faribire  just  mentioned,  contained  in  a  vessel  of  a  proper  figure  for  that  purpose, 
id  when  sufficientlv  cooled  therein  to  be  handled,  they  are  taken  out  and  are 
■ad  to  be  extremely  hard  and  brittle.  The  unctuous^iatter  which  adheres  to 
•  {dates  being  next  partially  removed,  they  are  taken  up  successively  by  a  pair 
'  tonga,  and  passed  backwards  and  forwards  over  a  clear  charcoal  fire,  so  as  to 
age  uie  unctuous  matter  to  inflame,  or  "  blaze  off,"  as  it  is  termed,  which 
dlieet  the  saws  to  the  desired  temper ;  and  whilst  the  saw-plates  remain  hot, 
ty  warping  they  may  have  acquired  in  the  process,  is  removed  by  smart  blows 

I  a  hammer,  over  an  anvil  strewed  with  sand,  to  prevent  the  article  from 

ling  about 

lie  neaU  operation  is  planishing  by  hammers,  which  renders  them  more 
'tm  and  equally  elastic ;  and  the  dexterity  and  care  with  which  this  operation 
o  difficult  and  tedious  to  ordinary  smiths)  is  performed,  is  a  remarkable 
iftMice  of  what  human  art  is  capable  of  by  long  practice. 
Tbe  saws  are  now  re&dy  for  the  grinder,  who  applies  to  the  circular  face  of 
Utfge  grindstone  by  an  interposing  board,  agamst  which  he  presses  with  all 

■  Ibrce,  so  as  to  grind  it  as  evenly  as  possible.     Standing  on  tip-toes,  he 
r«tches  hiniself  over  a  large  grindstone,  which  is  revolving  with  great  rapidity ; 

■  bandiy  arms,  breast,  and  knees,  being  all  brought  into  operation  to  produce 
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the  effect,  while  he  becomes  covered  with  ochrous  sludge,  formed  fay  the  attii- 
tion  against  the  stone  ;  an  operation  apparently  so  dangerous  and  disagreeable, 
as  to  give  pain  to  the  spectator,  and  make  him  wish  to  see  a  machine  supplj^ 
ing  the  place  of  the  operator. 

Tlie  grinding  of  the  saw-plates  materially  impairs  their  previous  flatness  and 
elasticity ;  they  are,  therefore,  submitted  to  a  second  hammering  by  the 
planishers,  and  are  afterwards  heated  over  a  coke  fire  until  they  attain  a  faint 
straw  colour,  which  restores  to  them  their  elasticity.  The  surfaces  are  next 
lightly  passed  over  a  grindstone,  to  remove  the  appearances  of  the  hammer, 
and  next  over  a  fine  hard  stone,  to  remove  the  scratches  of  the  last,  and  give  it 
the  kind  of  polish  required  in  the  market,  for  which  the  saws  are  intended. 
For  which  purpose  the  glazing  wheel  of  buff  leather  and  emery,  or  the  "  hard 
head,"  which  is  a  wheel  of  hard  wood,  worked  bare,  are  also  used,  as  occasion 
may  require.  To  correct  any  defects  that  the  saws  may  have  acquired  during 
the  processes  described,  they  are  next  '*  blocked,"  that  is,  struck  upon  a  post  <tf 
hard  wood,  by  means  of  a  small  polished  hammer,  by  which  the  truth  of  the 
work  is  presumed  to  be  perfected. 

The  saws  are  next  "  cleaned  off"  by  women,  by  means  of  fine  emery  rubbed 
over  them  lengthways  by  a  piece  of  cork-wood,  which  gives  them  an  agreeable, 
even,  white  tint,  and  a  very  level  appearance.  They  are  next  handed  to  the 
setter,  who  places  each  alternate  tooth  over  the  edge  of  a  little  anvil,  in  an 
angular  direction,  and  strikes  them  so  as  to  bend  each  uniformly  into  the 
required  deviation  from  the  plane  of  the  saw ;  then  turning  over  the  saw,  the 
setter  strikes,  in  like  manner,  the  alternate  teeth,  which  he  lef^  untouched  on 
the  other  side ;  in  this  manner  each  successive  tooth  is  placed  in  opposite 
directions,  at  the  desired  set^  to  allow  the  blade  of  the  saw  to  pass  through  the 
wood  without  resistance,  while  its  breadth  acts  as  a  guide,  and  serves  to  give 
stability  and  effect  to  the  operation  of  sawing.  The  teeth  of  the  saw  are  again 
touched  up  with  a  file  to  finish  their  sharpening ;  for  which  purpose  they  are 
fixed  between  two  plates  of  lead  contained  in  the  chaps  of  a  vice ;  after  which 
their  handles  are  fixed  by  nuts  and  screws,  cleaned  off,  oiled,  and  packed  in 
brown  paper  for  sale. 

The  form  or  mode  of  construction  of  the  saws  we  have  described,  has  been 
generally  found  so  efficient  and  useful,  as  to  have  needed  no  material  improve- 
ments; we  shall,  therefore,  simply  notice,  in  a  brief  manner,  two  or  three 
matters  of  a  subordinate  character,  connected  with  the  subject,  which  may  prove 
of  service  to  the  workman. 

A  frame-saw,  it  is  well  known  can  be  made 
thinner  than  a  common  pit-saw  ;  and  as  it 
works  in  a  smaller  kerf,  it  would  effect  a 
considerable  saving  of  timber  if  it  could 
be  employed  in  lieu  of  the  pit-saw,  in 
cutting  logs  up  into  thin  boards.  To  effect 
this  object,  an  ingenious  shipwright  of 
Rotherhithe  contrived  the  arrangement  re- 
presented in  the  subjoined  cut.  a  is  the 
jower  end  of  a  frame-saw ;  h  a  section  of 
the  lower  bar  of  the  frame ;  c  the  hold- 
fast; dd  the  two  pins ;  e  the  lever;  /  a 
double  arch,  pierced  with  holes,  the  lever 
working  between  the  two  parts  of  the  arch ; 
the  saw  can  be  held  to  any  degree  of  tight- 
ness by  a  small  peg,  fastened  by  a  chain 
to  the  end  of  the  lever.  To  shift  this  saw, 
press  the  lever,  take  out  the  peg,  lift  up 
the  lever,  take  out  the  two  pins  d  d^  and 
the  saw  being  lifted,  and  swung  back,  can 
be  put  in  the  next  cut,  and  again  fastened. 

In  operating  with  a  common  frame-saw. 
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it  would  be  necessary,  at  every  successive  cut,  to  shift  all  the  transoms  behind 
the  saw  to  the  end  of  the  piece,  or  it  would  be  necessary  to  take  the  saw  out  of 
the  frame,  when  a  diflSculty  would  arise  of  fixing  it  again  tightly.  Both 
these  objections  are  obviated  by  the  plan  we  have  described ;  and  by  which, 
long  deals,  planks,  and  boards,  may  be  cut  with  an  important  saving  of 
material. 

An  expanding  wedge  for  the  use  of 
sawyers,  represented  in  the  subjoined 
sketch,  was  invented  by  Mr.  T.  Griffiths, 
of  the  Royal  Institution,  and  was  deemed 
worthy  of  an  honorary  medal  from  the 
Society  of  Arts,  a  is  the  handle  or  cen- 
tre-piece, to  which  is  connected  two  springs  ^^^B^Q^^t^^^Vjf^^^  » 
cct  joined  together  at  b  ;  the  handle  also  ^^^^^^^"*"i^^^-^ 

carries  a  cross  piece  d.  This  instrument  is 
intended  to  save  the  time  and  trouble  of 
shifting  the  common  wedges,  while  sawing 
up  balks  of  fir  into  deals.  When  the  saw 
has  cut  two  or  three  feet,  the  loose  ends  of  the  springs  cc  are  to  be  brought  by 
hand  as  near  to  the  centre  piece  a  as  their  elasticity  will  admit ;  the  end  b  is 
then  to  be  introduced  into  the  cut,  and  the  wedge  is  to  be  thrust  up  to  the 
end  of  the  spring,  the  cross  piece  d  resting  on  the  upper  surface  of  the  balk. 
The  elasticity  of  the  springs  will  then  be  continually  opening  the  cut  as  the 
saw  proceeds,  to  the  length  of  about  twelve  feet ;  and  the  wedge,  when  at  its 
utmost  expansion,  will  be  prevented,  by  the  cross  piece,  from  falling  into 
the  pit. 

In  the  ordinary  saw-mill,  the  saws  are  stretched  in  a  wooden  frame,  which 
slides  up  and  down  within  another  frame,  in  a  similar  manner  to  a  window 
sash  ;  the  motion  is  given  to  it  by  a  crank,  attached  to  a  fly-wheel  upon  the  main 
axis,  made  to  revolve  by  a  water-wheel,  or  other  power, 'and  connected  by  gear 
that  will  give  four  or  five  revolutions  of  the  crank  to  one  of  the  water  wheel. 
The  timber  is  fastened  upon  a  carriage,  which  is  a  horizontal  frame,  sliding  or 
rolling  between  guides  on  the  floor  of  the  mill,  and  of  such  dimensions  as  to 
pass  between  the  vertical  frame,  proceeding  by  a  regulated  motion,  and  con- 
stantly presenting  the  timber  to  the  action  of  the  saws.  The  saws  are  so  fitted 
in  the  frame  that  they  can  be  removed  in  a  few  minutes,  and  replaced  by  another 
set  of  sharpened  saws. 

Considerable  improvements  have  been  made  upon  saw-mills  by  Mr.  Brunei, 
Mr.  Maudslay,  and  many  other  engineers,  who  have,  of  late  years,  been 
engaged  in  their  construction.  The  introduction  of  circular  saws,  which  act  by 
a  continual  rotary  motion,  formed  an  important  era  in  sawing  machinery,  from 
the  great  facility,  precision,  and  rapidity  of  its  operation.  A  saw-mill  of  this 
kind  has  been  employed  for  many  years  at  the  manufactory  of  the  ingenious 
Mr.  George  Smart,  near  Westminster  Bridge.  In  this,  motion  is  imparted  to  a 
horizontal  shaf^  on  which  is  a  spur  wheel  that  turns  a  pinion  on  another  hori- 
zontal shaft ;  on  this  second  shaf^,  the  bearings  of  the  gudgeons  of  which  are 
supported  on  the  joists  of  the  floor  above,  is  a  band-wheel,  which  communicates 
motion,  by  an  endless  strap,  to  a  pulley  fixed  on  the  spindle  of  the  circular  saw, 
and  causes  the  latter  to  revolve  with  great  rapidity.  The  ends  of  the  spindle 
are  conically  pointed,  and  the  end  nearest  to  the  saw  turns  in  a  cavity  made  in 
the  end  of  a  screw,  whose  nut  is  fixed  and  has  a  firm  bearing  in  a  stout  bench ; 
the  other  end  turns  in  a  similar  screw,  passed  through  a  cross  beam,  mortised 
between  two  vertical  beams,  extending  from  the  floor  to  the  ceiling;  one  of  the 
beams  can  be  raised  or  lowered  in  its  mortises  by  wedges  put  both  above  and  below 
its  tenons.  In  order  to  adjust  the  plane  of  the  saw  to  the  plane  of  the  bench, 
there  is  a  long  parallel  ruler,  which  can  be  set  at  any  distance  from  the  saw,  and 
fixed  by  means  of  screws  going  through  circular  grooves  cut  through  the  bench. 
In  using  the  machine,  the  ruler  is  to  be  set  the  proper  distance  from  the  saw, 
according  to  the  piece  of  wood  to  be  cut ;  and  as  the  saw  turns  round,  a  work- 
man slides  the  end  of  a  piece  of  wood  to  it,  keeping  its  edge  against  the  guide 
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or  ruler,  that  it  may  cut  straight    The  operation  is,  of  course,  Teiy  expedi- 
tious and  accurate.     Lathes  are  now  frequently  fitted  up  with  circular  saws. 

Some  improvements  in  mechanism  of  the  latter  Rind  were  patented  by 
Messrs.  Sayner  and  Greenwood,  in  1824,  which  we  shall  here  describe.  The 
first  improvement  mentioned  in  the  specification  relates  to  the  adaptation  of 
two  circular  saws  operating  together,  instead  of  one,  to  cut  through  a  piece  of 
timber.  By  the  usual  process,  it  requires  a  circular  saw  of  five  feet  in  diameter, 
to  cut  through  a  log  of  two  feet  in  diameter,  in  consequence  of  the  obstructton 
of  the  axis  and  supporting  shoulders ;  but  by  the  application  of  two  saws  of 
little  more  than  half  the  diameter  of  the  single  large  saw,  one  above  the  log^ 
and  the  other  under,  each  making  an  incision  rather  more  than  halfway 
through,  the  difision  is  effected  with  a  considerable  saving  of  power,  and  of 
the  cost  of  saws.     The  annexed  diagram  is  designed  to  explain  the  mechanical 
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arrangement,  a  a  is  the  bed  of  the  saw-mill ;  b  b  the  log  of  timber  under 
operation ;  c  c  the  two  circular  saws,  the  depths  of  their  respective  cuts  being 
expressed  by  two  right  lines  forming  tangents  to  their  peripheries  ;  these  sawi 
have  pulleys  upon  their  axes,  and  are  driven  by  endless  bands  embracing  them 
and  the  drum-wheel  dy  to  which  motion  is  given  by  a  water-wheel,  or  other 
adequate  mechanical  agency.  The  timber  rests  and  moves  upon  horizontal 
rollers  e  e,  and  is  accurately  guided  to  the  saws  by  vertical  rollers,  not  intro- 
duced into  the  figure,  as  they  are  common  to  other  saw-mills.  The  axes  of  the 
saws  run  in  fixed  bearings,  and  the  timber  is  forced  against  them  by  the  revo- 
lution of  the  propelling  roller  ^,  put  in  motion  by  another  band  from  the  drum- 
wheel  df  the  axis  of  the  roller  being  confined  by  an  upright  frame  g  h;  in  the 
upper  part  of  which  frame  turns  the  pressing  roller  %,  which  being  connected 
to  the  vertical  bar  i,  is  pressed  upon  by  the  weighted  lever  k  ;  the  roller  g  there- 
fore gives  the  motion,  and  the  roller  h  a  steady  firmness  to  the  advancing  posi- 
tion of  the  log. 

If  the  timber  is  to  be  cut  into  planks,  a  number  of  circular  saws  are  placed 
together  on  the  axes  of  c  c,  with  flanges  between  them  of  the  thickness  of  the 
required  planks,  and  then  bolted  together ;  by  these  means  the  whole  log  is 
at  one  operation  formed  into  boards ;  and  if  it  be  required  to  cut  the  logs  into 
scantlings  or  laths,  a  series  of  horizontal  saws  ^  placed  in  like  manner  upon  a 
vertical  axis  m,  and  driven  by  a  pulley  n,  cuts  the  whole  at  once  into  thoee 
small  divisions.  This  mode  of  applying  the  saws  to  work  in  a  horizontal  plane, 
so  as  to  operate  simultaneously  with  those  acting  in  a  vertical  direction,  forma 
the  second  impovement  claimed  under  the  ptent  rit. 

A  third  improvement  claimed,  is  for  uniting  the  plates  of  a  series  of  circular 
saws  closely  together,  so  as  to  make  one  compact  body  of  saws,  without  any 
interstices  between  them,  for  the  purpose  of  reducing  dye-woods  entirely  to 
saw-dust  or  powder,  instead  of  the  usual  method  of  cmpping  or  rasping  them 
for  dyeing  or  other  purposes. 


yam  ago  (about  a.  d.  isai)  Mr.  Robert  EMtmin,  of  Bnintwick 
.  S..  invented  «ome  iinprovementi  in  the  conitntctioii  of  circular  lavi, 
die  mode  of  sawing  "  lumber"  (Limber),  which  obtained  nteniive  aio^ 
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I  L  I>  L,  and  its  sappers   ' 

Fig.  4  shows  the  shape 

tapper,  with  a  groove,  or 

idmit  of  its  being  let  according  to  the  intended  width  of  the  plank. 

«.  1,  is  a  strong  frame  of  timber,  about  twenty-four  feet  long,  by  five 

M  ends  of  which  are  seen  at  A  A,  Fig.  2.     B,  F^.  1,  is  the  carriage, 

vdve  feet  long,  and  four  broad,  the  cnda  of  which  are  seen  at  B  B, 
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Fig,  2  ;  it  travels  upon  iron  truck  wheels,  grooved  on  tbeir  circumferencet,  and 
run  upon  iron  slides,  as  shown  at  K  K,  Fig.  2.  C.  Figs.  1  and  2,  gives  two 
views  of  the  lo^  under  operation. 

The  log  is  fixed  into  the  carriage,  by  means  of  iron  centres,  upon  which  it 
also  revolves,  after  each  succeeding  cut.  At  D  D,  Figs,  1  &  2,  is  seen  part  of 
the  saw.  At  £  £,  Figs.  1  &  2,  are  situated  the  feed  pulley,  and  shifting  gear. 
F,  regulating  pulleys.  G  is  an  index  for  regulating  the  dimensions  of  the  cuts. 
H,  revolving  levers  and  pins.  I,  the  pin  and  fulcrum  of  the  levers.  J  J,  the 
stirrup  screws  and  pins. 

Nearly  in  the  middle  of  the  frame,  is  fixed  the  main  shaft,  of  cast  iron,  which 
runs  upon  friction  rollers,  supported  by  stands  on  the  floor.  On  this  shaft  is 
the  saw,  with  its  sappers  and  section-teeth.  The  motion  is  given  by  a  band 
passing  round  the  main  pulley,  and  round  a  drum  that  runs  under  it ;  which 
may  be  driven  by  horse,  steam,  or  water  power.  The  method  by  which  the 
saw  is  fed  with  the  wood  to  be  cat,  and  the  return  of  the  carriage  for  the  suc- 
ceeding cut,  is  too  similar  to  our  own  to  need  a  particular  description.  Its 
various  arrangements  are  ingeniously  contrived,  and  it  may  be  justly  termed  a 
self-acting  machine,  for  when  once  set  in  motion,  no  other  aid  than  the  power 
which  drives  it,  is  requisite  to  its  cutting  a  whole  series  of  boards,  of  uniform 
dimensions,  all  round  the  log,  having  their  thin-edged  sides  attached  to  the 
centre-piece.  These  boards  being  removed,  a  second  series  of  boards  may  be 
cut  in  like  manner  to  the  former,  provided  the  log  is  big  enough. 

''  This  machine,"  Mr.  Eastman  says,  "  furnishes  a  new  method  of  roanufac- 
turinc;  lumber  for  various  useful  purposes.  Though  the  circular  saw  bad  pre- 
viously been  in  operation  in  this  country,  and  in  Europe,  for  cutting  small  stuf^ 
it  had  not,  with  the  knowledge  of  the  writer,  been  successfully  applied  to  solids 
of  great  depth;  to  effect  which,  the  use  of  section-teeth  are  almost  mdispensable. 

t'  In  my  first  attempts  to  employ  the  circular  saw,  for  the  purpose  of  manu- 
facturing clap  boards,  I  used  one  nearly  full  of  teeth,  for  cutting  five  or  six 
in  depth,  into  fine  logs.  The  operation  required  a  degree  of  power  almost  im- 
possible to  be  obtained  with  the  use  of  a  band ;  the  heat  caused  the  plate  to 
expand,  and  the  saw  to  warp,  or  as  it  is  termed,  'get  out  of  true.'  To  obviate 
these  difficulties,  I  had  recourse  to  the  use  of  section-teeth,  and  the  improvement 
completely  succeeded.  The  power  required  to  perform  a  given  quantity  of 
work  by  the  former  method,  was  by  this  diminished  at  least  three  quarters. 
The  work,  formerly  performed  by  seventy  or  eighty  teeth,  was,  by  the  last 
method,  performed  by  eight  teeth ;  the  saw-dust,  which  before  had  been  reduced 
to  the  fineness  of  meal,  was  coarser,  but  the  surface  of  the  lumber,  much 
smoother  than  when  cut  with  the  full-teethed  saw.  The  teeth  are  made  in  the 
form  of  a  hawk's  bill,  and  cut  the  log  up,  or  from  the  circumference  to  the  centre* 
The  saw  may  be  carried  by  an  eight-inch  band,  and  when  driven  a  proper  speed 
(which  is  from  ten  to  twelve  hundred  times  per  minute)  will  [cut  nine'  or  ten 
inches  in  depth  into  the  hardest  white  oak  timber  with  the  greatest  ease.  The 
sappers,  at  the  same  time,  cut  off  from  one  to  two  inches  of  the  sap,  and 
straighten  the  thick  edges  of  the  lumber. 

"  The  facility  with  which  this  saw  will  cut  into  such  hard  materials,  may  be 
supposed  to  result  from  the  weU- established  principle,  that  where  two  substances 
in  motion,  come  in  contact,  their  respective  action  on  each  other  is  in  direct 
proportion  to  their  respective  velocities;  thus,  a  circular  plate  of  iron  put  into  a 
quick  rotary  motion,  will,  with  great  ease,  penetrate  hardened  steel,  or  cut 
through  a  file  when  applied  to  its  circumference;  and  the  same  principle  H 
applicable  to  a  saw  for  cutting  wood.  The  requisite  degree  of  velocity  is 
obtained  by  the  continuous  motion  of  the  circular  saw,  by  which  also  it  has 
greatly  the  advantage  of  one  that  has  but  a  slow  motion,  on  account  of  dulling ; 
as  the  teeth  are  but  little  affected,  and  being  only  eight  in  number,  but  a  few 
moments'  labf^ur  is  required  to  sharpen  them.  If  the  velocity  of  the  saw  were 
slackened  to  a  speed  of  but  forty  or  fifty  per  minute,  it  would  require  at  least 
four  such  bands  to  carry  it  through  a  log  as  above  described. 

One  machine  will  cut  from  eighteen  to  twenty  hundred  of  square  feet  of  pine 
timber  per  day,  and^two  of  them  may  be  driven  by  a  common  tub-wheel,  leTen 
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siffht  feet  in  diameter,  having  six  or  seven  feet  head  of  water,  with  a  cog- 
eel  and  trundle-head,  so  highly  geared,  as  to  give  a  quick  motion  to  the 
im%  which  should  be  about  four  feet  in  diameter.  The  machine  is  so  con- 
acted,  as  to  manufacture  lumber  from  four  to  ten  feet  in  length,  and  from 
9  to  ten  inches  in  width,  and  of  any  thickness.  It  has  been  introduced  into 
lit  of  the  New  England  states,  and  has  given  perfect  satisfaction.  The  supe- 
rity  of  the  lumber  has,  for  three  years  past,  been  sufficiently  proved  in  this 
vn,  (Brunswick  Maine,)  where  there  have  been  annually  erected  from  fifteen 
twenty  wooden  buildings,  and  for  covering  the  walls  of .  which  this  kind  has 
en  almost  universally  used.  The  principal  cause  of  its  superiority  to  mill- 
wed  lumber,  is  in  the  manner  in  which  it  is  manufactured,  viz.  in  oeing  cut 
wards  the  centre  of  the  log^,  like  the  radii  of  a  circle ;  this  leaves  the  lumber 
ithe^edged  in  the  exact  shape  in  which  it  should  be,  to  set  close  on  a  build- 
1^  and  is  the  only  way  of  the  erain  in  which  weather-boards  of  any  kind  can 
)  manufactured  to  withstand  the  influence  of  the  weather,  without  shrinking, 
railing,  or  warping  off  the  building.  Staves,  and  heading  also,  must  be  rived  the 
ime  way  of  the  grain,  in  order  to  pass  inspection.  The  mill-sawed  lumber, 
iBeh,  I  believe,  is  now  universally  used  in  the  middle  and  southern  states, 
td  in  the  West  Indies,  for  covering  the  walls  of  wooden  buildings,  is  partly 
It  in  a  wrong  direction  of  the  gram,  which  is  the  cause  of  its  cracking  and 
■rpin|ofl^  and  of  the  early  decay  of  the  buildings,  by  the  admission  of  mois- 
n.  That  such  is  the  operation,  may  be  inferred,  by  examining  a  stick  of 
■ber,  which  has  been  exposed  to  the  weather ;  the  cracks  caused  by  its 
irinking  all  tend  towards  the  heart  or  centre,  which  proves  that  the  shrinking 
directly  the  other  way  of  the  grain.  It  follows,  that  lumber,  cut  through  or 
TCm  tKe  cracks,  would  not  stand  the  weather  in  a  sound  state,  in  any  degree 
I  be  compared  with  that  which  is  cut  in  the  same  direction  with  them.  I  have 
>heHtation  in  stating  that  one-half  the  quantity  of  lumber  manufactured  in 
M  way,  will  cover,  and  keep  tight  and  sound,  the  same  number  of  buildings 
\  in  mindred  years,  that  is  now  used  and  consumed  in  fifty  years.  Add  to 
%  the  reduction  of  expense  in  transportation,  and  of  labour  in  puttine  it  on, 
^  I  think  every  one  must  be  convinced  that  the  lumber  manufactured  in  this 
ipvoved  way  is  entitled  to  the  preference. 

"  In  manudfacturing  staves  and  heading,  a  great  saving  is  made  in  the  timber, 
vtiealarly  as  to  heading,  of  which  at  least  double  the  quantity  may  be  obtained 
f  this  mode  of  sawing  to  what  can  be  procured  in  the  old  method  of  riving 
I  nor  is  the  straigbt-erained  or  eood  rift  indispensable  for  the  saw,  as  it  is  for 
MMipose  of  being  rived.  The  heading,  when  sawed,  is  in  the  form  it  should 
^  oefbre  it  is  rounded  and  dowelled  together,  all  the  dressing  required  being 

Kittlv  to  smoothe  off  the  outsides  with  a  plane.  Timber  for  staves  ought  to  be 
nipit,  in  order  to  truss,  but  may  be  manufactured  so  exact  in  size,  as  to 
but  little  labour  to  fit  them  for  setting  up.  Both  articles  are  much 
for  transportation,  being  nearly  divested  of  superfluous  timber,  and  may 
)cnt  to  any  thickness  required,  for  either  pipes,  hogsheads,  or  flour  barrels." 
Mr.  Alexander  Craig,  m  St.  Bernard's,  m  the  county  of  Mid- Lothian,  ob- 
>&ed  a  patent,  in  1831,  for  "  certain  improvements  in  machines  or  machinery 
'  catting  timber  into  veneers  or  other  useful  forms."  In  one  of  these 
iproTements,  Mr.  Cmig  employs  a  circular  saw,  which  he  makes  to  traverse 
*  whole  length  of  the  veneer  to  be  cut,  while  it  revolves  on  its  axis  in  the 
^  way.  It  is  made  to  traverse  by  means  of  a  crank,  having  a  radius  equal 
liilf  the  length  of  the  intended  veneer,  and  a  connecting-rod,  of  length  suf- 
sitttt  to  prevent  too  much  obliquity  of  action.  A  uniform  tension  is  preserved 
I  the  band  which  communicates  motion  to  the  saw  while  it  approaches  to,  and 
eides  firom,  the  source  of  motion,  by  carrying  the  band  round  a  pulley 
Itioaed  at  a  small  distance  beyond  the  greatest  distance  of  the  saw  from  its 
iving  drum.  Though  we  have  mentioned  but  one  saw,  there  are  a  series  of 
em  attached  to  the  same  frame,  and  put  in  motion  by  the  same  band,  which 
pnesed  down  by  an  adjusting  pulley  between  each  pair  of  saws,  that  it  may 
n  them  with  more  certainty,  by  embracing  a  larger  portion  of  the  circum- 
waee  of  the  riggers  fixed  on  their  axes.    The  log  of  wood  from  which  the 
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veneer  ii  lo  be  cut  ii  auijKnded  between  centres,  umilar  to  thoM  of  a.  turning 
Utbe,  and  made  to  rotate  [a  contact  witb  the  bawi,  so  that  it  may  be  cut  into 
one  continuoui  spiral  veneer.  It  it  evident,  that  to  produce  on  unifbrm  motion 
in  that  part  of  the  lag  in  contact  with  the  lawi,  ia  necessary  lo  ill  perfect 
action  ;  and  tbii  the  patentee  haa  effected  lu  a  very  iagenious  mauDcr :  he 
puta  into  alow  motion,  by  a  species  of  gearing  known  by  the  name  of  theeiidleai 
MTew,  a  ahaft,  having  on  Its  extremity  a  inetallic  cylinder,  with  a  surface 
roughed  ia  a  manner  aimJIar  to  the  surface  of  a  rasp;  and  this  cylinder,  being 
pressed  against  the  circumference  of  the  log,  will  cause  it  to  revolve  at  the 
tame  speed,  whatever  be  its  diameter.  The  specification  is  concluded  by  a 
description  of  an  arrangement  by  which  the  sawa  arc  made  to  cut  beyoDd  ihnr 
centres,  in  a  atatiouary  log.  This  is  effected  by  attaching  them  on  axes  which 
do  not  project  beyond  the  aurfacea  next  the  log.  To  the  frame  carrying  these 
laws,  a  descending,  aa  well  aa  an  alternating  motion  ia  given  ;  and  the  veneer 
being,  by  a  zuide-plate,  made  t«  fold  liuck  under  the  saws,  it  ia  clear  that  they 
will  with  fatilily  cut  to  any  required  depth,  without  reference  lo  their  diametera. 
See  the  article  Veneek. 

The  sawing  of  atone,  a^  our  readers  cannot  fall  to  have  noLced,  is  an  ex- 
tremely ^ow  operation,  and  no  improvement  of  importance  has  been  efiecled 
in  the  process  for  many  centurlea  ;  the  ancient  mode  of  causing  a  plate  of  iron 
Stretched  out  In  a  frame,  to  reciprocate  horizontally  by  the  two  hands  of  the 
sawyer,  aealed  before  it,  is  still  generally  practised.  In  dividing  very  soft 
stone,  the  saw  itself  ads  with  efficacy  upon  the  atone,  by  means  of  its  small 
rude  teeth,  or  notches,  whicli  the  sawyer  makes  in  its  edge  by  striking  it  with 
a  coarse  tool :  but  the  chief  utility  of  these  notches  is  to  collect  and  apply  tbs 

S articles  of  sharp  sand  that  are  carried  hy  a  small  current  of  water  down  into 
le  incision,  and  under  the  saw.  In  hard  stone,  almint  the  whole  efTecl  <^ 
cutting  is  produced  by  the  attrition  of  the  sand,  aided  by  the  pressure  of  the 
weight  of  the  saw. 

In  1825,  a  patent  was  taken  out  by  Mr.  James  TulWk,  for  "  im proved 
machinery  for  sawing  atone,"  in  which,  however,  the  anmc  principle  of  cutting 
is  still  adhered  to  ;  but  the  general  arrangements  of  his  stone-saw ing-mill  >i« 
iiidicious  for  the  application  of  power;  we  therefore  annex  a  description,  with 
an  illustrative  cut. 

A  block  of  stone  is  shown  at  a,  supposed  to  be  under  the  operatioD  of  a 
number  of  saws  b,  fixed  parallel  to  each  other  in  a  frame.  The  ends  of  thi« 
frame  are  formed  on  the  under  side  into  inclined  planes,  which  run  upon  two 
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ion  rollen  at  e  c;  so  that  when  motion  is  given  to  the  saws,  each  end 

mme  will  be  alteniately  lifted  up,  and  allow  the  sand  and  water  (supplied 

ill  cistern  represented)  to  descend  into  the  fissure.     The  anti-friction 

re  attached  to  two  slides,  placed  in  grooves,  in  the  two  upright  posts  d  d, 

suspended  by  two  chairs  e  e,  wound  round  the  barrels  ff,  on  the 

this  shaft  turns  in  the  bearings  shown,  and  carries  a  third  barrel  k 

rge  pulley  h;  to  the  latter  is  suspended  a  weight  which  partly  countei^ 

the  weight  of  the  saws  and  frame ;   and  a  chain,  passmg  round  the 

is  attached  at  the  other  end  to  a  sliding  piece,  on  a  vibrating  beam  L 

r  represented  on  the  right  hand  of  the  engraving  is  for  giving  motion 

iw-frame.    The  power  of  a  first  mover  being  applied  to  the  toothed- 

,  it  actuates  the  two  smaller  wheels  ntt,  to  the  shafts  of  which  are  fixed 

which  as  they  revolve  give  motion,  by  means  of  the  connecting-rods  o  o, 

jbrating  beam  I,  and  the  latter  fives  the  alternating  motion  to  the  saw- 

Tbe  several  pulleys  to  which  the  frame  is  suspended  admit  of  its 

lescent,  and  with  an  uniform  pressure.    The  weight  of  the  saws  should 

e  always  predominate  over  the  counterbalance,  that  they  may  act 

ly  upon  the  stone. 

lears  from  the  specification,  that  the  patentee  applies  this  mechanism  in 
^g  of  grooves,  mouldings,  cornices,  pilasters,  &c.  of  marble  and  other 
y  means  of  properly-indented  instruments,  which  are  to  traverse  the 
the  stone,  suspended  in  a  suitable  frame.  By  suspending  the  saws  or 
the  manner  described,  it  is  considered  that  a  great  advantage  is  gained, 
may  thereby  be  kept  in  a  perfectly  horizontal  line,  so  that  the  face  of 
e  may  be  acted  upon  uniformly  in  all  its  parts,  and  the  hardest  parts  be 
eqmdly  with  the  softest 

•"FOLD.   A  temporary  erection  of  poles  and  boards,  for  the  convenience 
ing,  or  for  the  temporary  formation  of  a  stage,  &c, 
yLIOGLIA.     a  composition  or  cement,  employed  to  coat  buildings, 
iumns,  statues,  ornaments,  &c.  in  imitation  of  stoae,  marble,  &c 
!«£.     A  mathematical  instrument,  consisting  of  various  lides  drawn  on 
roiy,  brass,  &c.,  and  variously  divided,  according  to  the  purposes  it  is 
1  to  serve ;  whence  it  acquires  various  denominations,  as  the  main  scale, 
I  scale,  plotting  scale,  Gunter*s  scale,  &c.   Scales  of  equal  parts,  marked 
ans,  drawings,  &c.,  are  explanatory  of  the  real  dimensions  of  the  objects 
ed,  instead  of  their  actual  dimensions  on  the  paper. 
LES.     A  term  commonly  applied  to  the  ordinary  balance  or  weighing 
if  which  see.     The  term  scales,  however,  is  often  applied  to  the  boards 
«  only,  in  which  the  goods  and  the  weights  are  placed. 
L£S  OF  FISH  consist  of  alternate  layers  of  membrane  and  phosphate 
;   they  are  employed  in  the  arts  in  the  fabrication  of  artificial  pearls. 

kKLS. 

MMON  Y.  A  concrete  vegetable  juice,  obtained  by  cutting  the  roots  of 
that  grows  in  Syria,  and  employea  in  medicine ;  it  is  chiefly  obtained 
nyrna  and  Aleppo ;  the  latter  is  considered  the  best  By  the  analysis 
si  and  Bouillon  Lagrange,  the  constituents  of  the  two  varieties  are  as 

Aleppo*        Smyrna, 

Resin 60  29 

Gum 3  8 

Extractive 2  5 

Vegetable  matter  and  earth  35  58 

100  100 


NTLING.    The  dimensions  of  any  piece  of  timber  with  respect  to  its 
and  thickness. 

PEMENT.     See  HoaoLoov. 
OONER.     A  small  vessel  with  two  masts,  whose  main-aail  and  fore- 
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sail  are  suspended  from  gaffs,  reaching  from  the  masts  towards  the  stem,  and 
stretched  out  beneath  by  booms,  whose  foremost  ends  are  hooked  to  an  iron, 
clasping  the  mast  so  as  to  turn  thereon,  as  upon  an  axis,  when  the  after  ends 
are  swung  from  one  side  of  the  vessel  to  the  other. 

SCIATHERICUM.  The  Latin  name  given  in  some  hooks  to  a  horizontal 
dial,  with  a  telescope  adapted  for  observing  the  true  time,  both  by  day  and 
by  night,  to  regulate  and  aojusl  pendulum  clocks,  watches,  and  other  time-keeps. 

SCIENCE.  A  clear  knowleage  of  any  thing  founded  on  demonstration,  or 
self-evident  principles. 

SCIOPTIC  BALL.  A  sphere  or  globe  of  wood,  with  a  circular  hole  or 
perforation  in  which  a  lens  is  placed.  It  is  so  contrived  that,  like  the  eye  of  an 
animal,  it  may  be  turned  round  every  way,  and  is  used  for  making  optical 
experiments  in  darkened  rooms. 

SCRAPER.  A  simple  instniment  to  perform  the  operation  of  scraping; 
but  they  are  made  of  various  forms,  to  adapt  them  to  mfferent  obiects ;  thus, 
the  ships'  scraper  is  a  triane^ilar  blade  of  steel,  the  centre  of  whicn  is  fixed  to 
a  handle  at  right  angles  to  ^ts  plane,  and  is  used  by  seamen  and  shipwrigbts  to 
scrape  the  decks,  sides,  and  masts  of  ships,  when  they  require  cleansing,  or 
fresh  tarring,  &c.  The  mezzotinto  scraper  is  simply  a  blade  of  steel,  one  end 
of  which  is  brought  to  a  tapering  edge  and  point,  &c.  &c. 

SCREW.  The  screw  is  one  of  the  most  powerful  and  useful  of  the  simple 
machines  or  mechanic  powers.  It  is  a  modification  of  the  inclined  plane,  as 
will  easily  appear  to  any  one  who  reflects  a  little  on  its  construction.  If  a 
triangular  piece  of  paper  be  rolled  round  a  cylinder  it  will  form  a  spiral 
inclined  line  round  it,  which  will  be  not  an  inapt  representation  of  the  nature 
of  the  screw.  The  screw  with  its  projecting  thread  moves  within  a  concave 
spiral  groove  cut  in  the  interior  of  a  hollow  cylinder,  which  is  termed  the 
female  screw  or  nut.  The  screw  is' 
generally  turned  by  means  of  a 
lever,  as  represented  in  the  annexed 
cut  at  a  b  ;  and  the  power  obtained 
by  the  instrument  is  calculated  by 
dividing  the  circumference  of  the 
circle  described  by  a  6  by  the  dis- 
tance between  two  successive  threads 
of  the  screw.  Thus,  if  the  lever  a  b 
be  thirty  inches  long,  and  the  dis- 
tance between  'two  threads  of  the 
screw  be  half  an  inch,  the  circum- 
ference described  will  be  94  inches ; 

which,  divided  by  half  an  inch,  gives  188  as  the  increase  of  power  obtained  by 
this  machine.  In  this  case,  a  man  who  could  exert  a  force  of  lOOlbs.  would  be 
enabled  to  produce  a  pressure  equal  to  that  of  18,800  lbs.  From  these 
remarks  it  will  be  seen  that  there  are  two  ways  of  increasing  the  power  of  this 
machine ;  viz.  by  lengthening  the  lever  a  6,  or  by  diminishing  the  distance 
between  the  threads.  The  former  would  be  limited  by  the  unwieldiness 
thereby  given  to  the  machine ;  and  the  latter,  by  the  circumstance  that  the 
threads  become  weaker  in  proportion  as  they  are  diminished,  and  hence  a  slight 
resistance  would  tear  them  from  the  cylinder.  These  inconveniences  are 
obviated  in  a  contrivance  of  Mr.  Hunter's,  in  which  the  required  strength  and 
compactness  may  be  carried  to  any  extent.  This  contrivance  consisU  in  the 
use  of  two  screws,  the  threads  of  which  may  have  any  given  strength,  but 
which  differ  slightly  in  breadth.  While  the  working  point  is  urged  forward  by 
that  screw  whose  threads  have  the  greater  breadth,  it  is  drawn  back  by  tliat 
whose  threads  have  the  less;  so  3iat  during  each  revolution  of  the  screw, 
instead  of  being  advanced  through  a  space  equal  to  the  breadth  of  either  of  the 
threads,  it  moves  through  a  space  equal  to  their  difference.  The  power  of  such 
a  screw  will  be  equal  to  that  of  a  single  screw,  the  distance  between  whose 
threads  is  equal  to  the  diflerence  of  the  distances  between  the  threads  just 
jnentioned. 
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power  and  compactness  of  the  screw,  as  a  mechanical  engine, 

ly  useful  in  the  formation  of  presses,  in  which  a  great  pressure 

The  screw  is  therefore  usually  employed  in  the  expression  of 

lid  bodies,  in  coining  and  in  reducing  tne  bulk  of  lignt  and  soft 

0  render  them  convenient  for  exportation.     (See  Press.) 

is  also  used  very  efHciently  in  the  measurement  of  very  minute 

paces.     Thus,  suppose  the  screw  to  have  one  hundred  threads  in 

an  inch,  each  revolution  of  the  screw  will  advance  the  point  one 

an  inch.    Now,  if  the  head  of  the  screw  be  a  circle  one  inch  in 

rircumference  of  the  head  will  be  somewhat  more  than  three  inches; 

uily  divided  into  a  hundred  equal  parts,  each  distinctly  visible.  If 

be  used,  the  hundredth  part  of  the  revolution  of  the  screw  may 

ind  this  will  advance  the  point  of  the  screw  one  ten-thousandth  of 

observe  the  motion   of  the  point  of  the  screw,  a  fine  wire  is 

which  is  carried  across  the  field  of  view  of  a  powerful  microscope, 

notion  is  made  distinctly  perceptible.     Such  a  screw  is  called  a 

rew,  and  is  much  used  in  graduated  instruments,  for  astronomical 

Hunter's  screw  may  be  also  conveniently  used  for  the  same 

iommon  kind  of  screws  are  those  used  by  carpenters  and  other 
r  fastening  wood,  or  wood  and  metal  together,  and  are  therefore 

1  in  this  country  ivood-icrewt,  though,  the  Scotch  name  of  tcrew' 
hat  more  appropriate,  as  distinguishing  them  from  other  kinds  of 

for  wood-screws  are  forged  by  the  same)c1ass  of  workmen  as  make 
n  fact  closely  resemble  the  counter-sunk  clout  nails,*  with  the 
their  ends  not  being  pointed.  An  improvement  upon  this  method 
»ted  by  some  screw  manufacturers,  wnich  consists  in  making  the 
round  rolled  iron,  cut  into  the  requisite  lengths,  and  then  pinching 
rhen  red  hot,  between  a  pair  of  clams  or  die8,[in  the  chaps  of  a  vice, 
he  heads  by  a  hammer,  or  the  stamp  of  a  ny-press.  To  form  the 
ere  used  in  the  infancy  of  screw-making,  but  this  process  has  been 
ed  by  the  modern  practice  of  cutting  and  tapping.  The  forged 
well  annealed,  their  small  ends  are  successively  placed  into  a 
,  at  the  end  of  a  steel  mandril,  where  they  are  gnped  fast  and 
ve,  while  a  file  is  held  against  them,  to  brighten  their  stems,  and 
iks  of  their  heads.  The  blanks  are  then  released,  their  heads 
the  nick  for  the  screw-driver  made  by  a  circular  saw.  The  blanks 
r  for  tapping,  by  a  small  apparatus  similar  to  the  common  lathe, 
I  in  the  following  cut.    At  o  is  a  steel  cylindrical  mandril,  about 
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long,  revolving  in  collars  in  the  puppets  5  5  by  the  motion  of  a 
round  the  pulley  c;  d  ia  &  loose  pulley  to  carry  the  strap  when 
At  e  is  an  iron  box  made  to  open  and  firmly  fix  by  screws  the  end  of 
-screw  f,  of  which  there  are  as  many  provided  as  there  are  varieties 
of  the  screws  to  be  cut ;  they  are  usually  five  or  six  inches  lone ; 
.  in  which  the  screw  is  fixed,  by  means  of  a  kind  of  hasp  or  aUafikU 


^40  SCREWS. 

bott.'with  it>  end  projecting  taieenath ;  whence  it  i«  projected  bj  the  reTolutlaa 
of  the  regiilaling  screw,  between  a  pair  of  ciitlert  or  die«  at  i,  of  the  uua» 
degree  of  fineiiesa  as  the  regulator  screw  used.  The  ihape  of  the  thread  or  worm 
itself  depends,  however,  upon  the  form  of  the  operating  edgei  of  the  cutter*. 

The  patent  icrewi  maniifactiired  by  Mr.  Ncttlefold,  of  Holbom,  «re  mad* 
with  great  attention  to  the  perfection  of  llie  worm ;  the  upper  tide,  as  io- 
tendca  to  be  repreieoled  in  the  following  Fig.  1,  is  very  flai,  or  inclined,  but 
very  little  from  a  plane,  passing  through  iia  diameter,  which  cauiei  a  great 
reiialance  to  its  heing  forcibly  pulled  out  of  the  wood ;  and  the  under  aide  of 
the  worm  i»  considerably  inclined,  which  greatly  f(icilitates  its  entrance  into  the 
wood,  rendering  it  unnecessary,  in  sol\  elastic  woods,  to  bore  any  hole  for  iti 
'  1  is  best  seen  in  the  sectional  representation  of  a  portion 
'  .  2,  the  black  space  heing  the  screv,  and  the  tjnto) 
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parts  OD  either  side,  a  portion  of  the  wood  ;  also  exhibiting  the  facility  of 
entrance,  and  the  difficulty  of  drawine  ouL     The  greater  part  of  the  common 


wood  screws  sold  in  the  shops,  are,  however,  very  wretchedly  constructed,  id 
this  ai  well  as  other  respects.  Ftg.  3  shows  a  section  of  their  ahallow, 
rough,  and  imperfect  worms,  the  heads,  stems  and  nicks  in  which  are  fit 
accompaniments  to  articles  so  fabricated.  The  chief  defects  of  common  wood 
•crews,  besides  bad  threads,  are  the  having,  at  the  termination  of  the  worm,  a 
projecting  bar,  which  in  apt  to  tear  away  the  wood  before  il,  and  leave  little  or 
no  solid  matter  for  the  screw  to  hold  by ;  the  nicks  in  the  heads  being  too 
■hallow,  or  highest  in  the  middle,  preventing  the  screw-driver  from  taking 
an  efficient  hold  to  turn  them  in  and  out.  These  defects  are  carefully  obviated 
in  Mr.  Nettlefold's  screws,  and  they  ate  made  with  extraordinary  truth  and 
beauty,  considering  the  very  low  prices  at  which  they  are  manufactured. 

The  machinery  by  which  wood  screws  are  made  vary  considerably  in  the 
different  manufactories,  and  numerous  patents  have  been  successively  taken  out 
for  improved  processes ;  in  several  of  which,  attempts  have  been  made,  with 
3  fabricate  then       ■-...■.  .-         -  .  .       . 


farther  than  furnishing  the  raw  material  to  the  machines.  Several  pers< 
have  succeeded  in  calling  screws,— an  operation  of  a  very  curious,  and,  appa- 
rently, difficult  nature.  A  Stntfordshire  manufacturer  of  the  name  of  Matillin, 
bad  a  patent  for  an  ingenious  process  of  this  kind,  which  it  described  in  the 
13th  volume  of  the  Repertory  of  AtU. 

Immense  quantilies  ,of  screws,  of  the  smaller  kind,  are  made  from  wire,  in 
the  neigbbourhood  of  BirmiiTgham  and  Wolverhampton.  I'hey  ire  chieflj 
made  in  the  houses  or  cottages  of  the  workpeople,  wherein  the  children  mate- 
rially assist;  the  screwing  being  effected  by  turning  a  winch  handle  lined  to 
the  end  of  a  cylindrical  mandril,  the  other  end  of  which  is  furnished  with  ■ 
chuck  to  contain  the  screw  blaiik,  which  is  thrust  forward  and  turned  round 
between  steel  dies  fixed  in  a  puppet  head,  the  action  being  regulated  bj  a 
tcrew  thread  on  the  mandril,  lakmg  into  •  hollow  screw  fixed  in  an  interme- 
diate puppet  bead. 

In  the  41st  volume  of  the  Traiuacliont  <^  the  Society  oj  AtU,  it  deacribcda 
ray  convraient  and  umple  tap  (invented  by  Mr.  Liebe,  of  the  Strand)  for 
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ting  hollow  screws  in  wood  by  which  workmen  are  enabled,  with  the  tame 
l«  to  form  either  right  or  left,  single,  double,  or  treble  hollow  screws  of  the 
le  diameter.  The  screws  capable  of  being  made  by  this  implement,  are, 
irever,  far  from  being  mathematically  accurate,  but  will  be  found  to  be 
lie  as  good  as  the  hollow  screws  made  in  the  usual  way,  and  adapted  to  the 
»  of  various  wooden  articles  of  domestic  furniture,  and  to  some  common 
ids  of  machinery. 

Tlie  tap  is  a  thin  quadrilateral  piece  of  steel,  of  the  length  and  breadth  of 
9  requh^  screw,  having  its  longitudinal  edges  cut  into  saw  teeth ;  the  teeth 
«ie  row  being  opposite  to  the  intervals  in  the  other,  and  therefore  representing 
leetion  of  a  screw,  tb.e  teeth  being  sections  of  the  threads.  A  cylinder  of  hard 
»«d  is  turned,  so  as  to  correspond  with  the  dimensions  of  the  intended  screw, 
d  a  longitudinal  piece  being  sawn  out  from  the  middle,  representing  a  section 
^ough  tiic  axis,  the  serrated  plate  is  to  be  inserted  and  nrmly  rivetted  in  its 
iice.  The  cylinder  terminates  in  a  flat  head  for  the  purpose  of  receiving  a  key 
lever,  which  enables  the  workman  to  overcome  the  friction  experienced  in 
tting  tlie  screw. 

In  order  to  use  this  tool,  a  cylindrical  hole,  equal  in  diameter  to  the  cylin- 
cad  stem,  is  to  be  bored  in  a  piece  of  wood,  and  the  serrated  cylinder  being 
»i  introduced,  giving  it  a  circular  or  spiral  motion,  will  form  a  right  or  left- 
nded  screw,  according  to  the  direction  in  which  it  is  turned ;  and  by  entering 
c»  or  three  threads  at  once  with  a  common  V  tool,  the  same  tap  will  give  a 
iMe  or  treble-threaded  screw. 

Xhe  hard  wood  being  first  made  into  a  screw,  the  blade  is  rivetted  in,  and  the 
fth  are  made  by  a  file  to  fit  the  wooden  threaids ;  the  blade  is  then  removed, 
^  threads  in  the  wooden  cylinder  are  turned  off,  leaving  it  smooth  ;  the  blade 
tihen  tapered  at  the  pomt,  so  that  the  first  teetli  are  no  bigger  than  the 
Under;  it  is  then  rivetted  again  in  its  place,  and  the  instrument  is  complete, 
jrepresented  in  the  subjoined  fuf.  1.  Fig,  2  is  an  end  view  of  the  same, 
^eh  u  exhibited  to  show  that  the  cylinder  is  cut  away  a  little  where  the  teetli 


•  ina^rted,  to  make  room  for  the  shavings.  As  the  cylinder  fits  the  hole,  and 
I  Hade  is  Uper,  a  gradual  and  steady  cut  is  secured,  which  may  either  be  to 
I  n^t  or  left  hand. 

Mr.  Siebe  also  proposes  steel  taps  for  metal  screws  to  be  made  in  the  same 
iBner,  by  filing  away  a  solid  screw  of  metal,  so  as  to  present  two  cutting 


m,  ■imilar  to  those  attached  to  the  wooden  cylinder. 

SCULL.     A  short  kind  of  oar,  two  of  which  are  used  by  one  rower.    See 

AT. 

SCULPTURE.    The  art  of  carving  stone,  wood,  or  other  solid  subsUnces, 

0  itatues  and  other  ornamental  designs. 

BCUPP£RS.     The  channels  made  through  the  sides  of  a  ship  close  to  the 

Mr  iurface  of  the  deck,  to  allow  the  water  to  nm  off. 

SCTTHE.     A  broad  curved  blade  of  steel,  connected  to  one  of  the  extrenn- 

1  of  a  long  crooked  handle,  and  chiefly  employed  for  mowing  grass. 
lECANT,  in  Geometry,  is  a  term  sometimes  used  to  express  a  line  that  euts 
f  other  whatever ;  in  a  more  restricted  sense,  it  may  be  defined  as  a  right 
t  cutting  a  curve  j  but,  in  the  most  commonly  received  sense,  it  is  a  right 
t  eottinga  circle.  In  Tritfonometry,  however,  a  secant  implies  a  right  line 
roL.  II.  4  m 
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drawn  from  the  centre  of  n  circle,  whicli,  cutting  the  c'.rcuniference,  proceeds 
till  it  meets  witli  a  tangent  to  the  same  circle. 

SECTION,  in  Oeometry  and  Drawing^  implies  the  figure  and  appeara  ice  <  f 
any  body  when  cut  through  by  any  plane. 

SECTOR,  in  Geometry,  is  a  part  of  a  circle  comprehended  between  two  radii 
and  the  arch ;  or  it  is  a  mixed  triangle,  formed  of  two  radii  and  the  arch  of  a 
circle. 

Sector.  The  name  given  to  a  very  useful  mathematical  instrument,  and 
significantly  termed  by  the  French,  compos  de  proportion.  The  sector,  in  an 
ordinary  case  of  instruments,  is  only  six  inches  long  when  shut ;  but  one  of  nine 
or  twelve  inches  long,  will  be  found  more  convenient  for  use,  as  the  divisions  of 
the  scales  are  more  obvious.  By  means  of  this  instrument  a  great 'many  pro- 
blems are  readily  solved. 

Sector,  Graham' t  A stronomicait  an  instrument  invented  in  the  early, part  of  the 
eighteenth  century,  for  finding  the  right  ascension  and  declination  between  two 
celestial  objects,  of  which  the  distance  is  too  great  to  be  observed  through -a 
fixed  telescope  by  means  of  a  micrometer.  Tiiis  instrument  is  minutely  described 
by  Dr.  Smith,  in  his  Treatise  on  Optics^  book  iii.  chap.  9. 

SELENITE,  OR  Sparry  Gypsum,  in  Mineralocfyj  a  substance  found  in 
beds  of  gypsum,  or  of  blue  clay,  and  in  old  mines ;  this  mineral  is  to  be  found 
in  many  parts  of  this  kingdom,  as  well  as  on  the  European  continent ;  tlie 
ancients  employed  it  for  glazing  their  windows,  whence  it  obtained  tlie  names 
ot  glides  maritPt  and  lapis  specularis.  After  calcination,  it  is  sometimes  employed 
by  sculptors  in  forming  their  models. 

SELENIUM,  in  Chemistry,  a  now  substance  recently  discovered  by  Professor 
Berzelius,  and  ranked  by  him  among  the  metals ;  though  some  chemists  are 
doubtful  whether  it  might  not,  with  g^reater  propriety,  be  classed  with  sulphur 
and  phosphorus.  This  substance  was  obtained  by  Berzelius  from  the  pyrites  ot 
Fahlun,  in  Sweden.  Its  colour  is  gray ;  it  has  a  brilliant  metallic  lustre,  and  is 
slightly  transparent.  It  softens  when  heated,  to  212°  Fahr.,  and  melts  at  a 
few  degrees  higher.  When  cooling  it  may  be  drawn  into  fine  threads,  having 
likewise  a  strong  metallic  lustre ;  when  cooled  slowly,  it  breaks  with  a  granular 
fracture.  At  600^  it  boils;  and  that  portion  which  is  volatilized,  on  becoming 
cool,  either  condenses  into  opaaue  metallic  drops,  or  else  is  sublimed  in  the 
form  of  a  fine  red  powder. .  When  submitted  to  the  blow-pipe,  it  tinges  the 
flame  of  a  beautiful  azure,  and  emits  a  strong  smell  of  horse-radish.  It  conducts 
heat  very  sparingly,  and  electricity  not  at  all.  Selenium,  when  heated  in  nitric 
acid,  is  dissolved,  and  a  part  of  the  acid  combining  with  the  oxygen  of  the 
mineral,  forms  selenic  acid;  which  acid  being  first  evaporated  to  dryness,  may, 
by  the  application  of  heat,  be  either  volatilized,  or  made  to  form  crystals  in 
needles,  some  of  which  are  found  to  be  a  foot  in  length.  Tbeite  crystals  are 
soluble  in  water.  Selenic  acid  unites  readily  with  the  fixed  alkalies,  forming 
with  them  the  salts  called  selenites,  which  have  the  colour  of  vermilion,  ciystaV- 
lize  with  difficulty,  and  deliquesce  on  exposure  to  the  action  of  the  atmosphere. 
By  introducing  a  plate  of  zinc  into  an  aqueous  solution  of  any  of  these  talti, 
the  selenium  will  be  precipitated  in  a  metallic  state.  See  Ure*i  Dietkmanf  if 
Chemistry, 

SERGE.  A  woollen  auilted  stufiT,  manufactured  on  a  loom  with  fear 
treadles,  after  the  manner  of  rateens,  and  other  stuffs  that  have  the  whale.  The 
goodness  of  serges  is  known  by  the  quilting,  as  that  of  cloths  by  the  spinnine. 
Of  serges  there  are  various  kinds,  denominated  either  from  their  difltont  quali- 
ties, or  from  the  places  where  they  are  wrought.  The  most  considerable  it  tfie 
London  serge,  which  is  hiffhly  valued  abroad.  The  method  of  making  the 
London  serge  is  described  m  Uie  (hrford  EneuchDeedia  to  be  as  folknrt  >— For 
wool,  the  longest  is  chosen  for  the  warp,  and  the  shortest  for  the  woof.  Before 
either  kind  is  used,  it  is  first  scoured,  by  putting  it  in  a  copper  of  liquor,  some-' 
what  more  than  lukewarm,  composed  of  three  parts  of  unne  and  one  of  water. 
After  having  stayed  long  enough  for  the  liquor  to  dissolve  and  take  oft  the 
grease,  8cc,  it  is  stirred  briskly  about  with  a  wooden  peel ;  taken  out  of  tlicr 
L'quor,  drained,  and  washed  in  a  running  water;  dried  in  the  shade,  beaten  with 
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ticka  on  a  woodeo  rack,  to  drive  out  the  coarwr  duit  and  filih,  and  then  picked 
Jean  with  tlie  haodi.  Tlm»  far  prepared,  it  is  greaied  tritli  oil  uf  oliTM ;  and 
ka  lon);e«t  part,  dotined  for  tbe  warp,  ii  combed  with  large  Gomtn,  heated  in  » 
iUle  rurnai^u  for  the  purpoie.  To  clear  off  the  oil  again,  the  vrool  ii  put  in  * 
jquor  cnmpoied  of  hot  water,  w  ilh  loaji  melted  therein  ;  whence  being  taken 
nt,  wniiig,  and  dried,  it  ii  ipun  on  the  wheel.  Ai  to  the  aliorteT  wool,  intended 
lor  the  woof,  it  ii  only  carded  on  the  knee  with  einall  cardi,  and  then  spun  on 
iha  wheel,  without  being  icoured  of  iti  oil.  It  muit  be  remarked,  that  the 
thread  for  the  warp  ia  alweji  to  bo  spun  much  finer,  end  better  twiated  than 
that  <^  the  woof.  The  wool  both  for  the  warp  and  the  woof  being  ipun,  and 
the  thread  divided  into  skeine,  that  of  the  woof  ii  put  on  ipooli,  unleu  it  have 
be«i  apun  upun  them,  lit  fur  the  cavity  or  eye  of  the  thuttle ;  and  that  for  the 
warp  )>  wound  on  a  kind  uf  wooden  bobbine  to  fit  it  for  warping.  Wheti 
warped,  it  is  itiffened  with  a  kind  of  lice,  generally  made  of  (be  thredi  of 
parchment ;  and  when  dry,  it  ia  put  on  the  laom,  and  wove  in  tlie  common 
Method.  I'be  aerge,  when  token  off  the  loom,  ii  carried  to  the  fuller.  w)lo 
Koura  it  in  the  trough  of  his  mill  with  fullpr'a  earth,  tint  purged  of  all  stonei 
■od  filth.  After  three  or  four  hours'  scouring,  the  fuller's  earji  is  waihed  out 
in  water,  brought  by  little  and  little  into  the  trough,  out  of  which  it  ii  taken 
when  all  the  earth  ii  cleared ;  then,  with  a  kind  of  iron  pincers  or  plyera,  they 
pull  off  all  the  knots,  ends,  straws,  Ac,  sticking  out  on  the  surface  on  eilhgr 
tide;  and  then  returning  it  into  the  fulling-trough,  uhcTC  it  is  worked  with 
water  sunit-whut  inotu  tliuii  lukewarm,  in  wliich  soap  hna  been  dissolved,  for 
near  two  houn  :  it  ii  then  washed  out  till  such  lime  as  the  uuter  becomes  i{uite 
clear,  and  tliere  be  no  signs  of  soap  left ;  then  it  is  taken  out  of  tlie  trongh,  the 
knoti,  &C.  again  pulled  off  and  then  put  on  the  iLuters  to  drj  When  well 
dried.  It  IB  taken  ofl  tlie  tenters,  and  d\ed,  shorn,  and  pressed 

SLWCB-     A   subterranian  channel  or  lanal,  formed  in  citie*,  town^,  and 
other  places,  to  carry  olt  wulir  uiid  olhrr  matters      Tlie  (  iiistruetiin  ul  iht 


IS  the  jiaved  rujdu<>y  uf  )i  part 


seiited  in  the«ubjom«d 
II  th<-  pNMd  foutpsib , 


644  SEWERS. 

C  the  grating  above  ground,  covering  the  entrance  to  lewer ;  D  D  the  toUd 
earth ;  E  the  entrance  from  the  street,  called  the  well,  and  opening  into  the 
branch  or  collateral  sewer  I,  which  leads  into  the  main  sewer  J,  represented  in 
perspective  ;  the  light  in  the  distant  portion  designating  the  opening  of  another 
collateral  sewer  into  it. 

As  the  health  of  the  inhabitants  of  a  great  city  mainly  depends  upon  frequent 
cleansing,  and  the  getting  rid,  in  particular,  of  foul  waters,  and  ail  substancea 
capable  of  the  putrefactive  fermentation,  it  will  not  be  out  of  place  if  we  notice 
the  leading  defects  of  the  present  plan.     In  fact,  the  London  sewers  are  the 
abodes  of  pestilence,  owing  to  the  large  quantities  of  animal  and  vegetable 
matter  that  are  constantly  being  swept  into  them,  where  they  undergo  deoom- 
poriition,  and  send  forth  their  noxious  exhalations  through  the  gratings.    In  the 
neighbourhood  of  distilleries,  brew-houses,  dye-houses,  &c.,  large  quantities  of 
hot  liquid  are  frequently  poured  off  into  the  sewers,  which  accelerates  the  fer- 
mentative process ;  and  when  the  water  is  in  considerable  quantity,  as  in  the 
case  of  a  smart  shower  of  rain,  the  putrefactive  matter  is  stirred  up,  and  the 
surrounding  inhabitants  are  doomed  to  breathe  the  contaminated  atmosphere. 
Large  quantities   of  rubbish  and  filth  are  also  frequently  forced  through  the 
gratings,  and  much  of  the  matter  is  too  ponderous  to  be  carried  off  by  the  cur- 
rent, but  falling  from  the  grating  upon  the  inclined  plane  of  the  collateral 
sewer,  they  are  projected  forward,  and  are  collected  in  a  mass  at  6,  where  it 
continues  to  increase ;  and  the  same  effect  takes  place  at  the  end   of  each  CfA- 
Literal  »cwer,  till,  at  the  end  of  a  few  years,  the  accumulation  chokes  up  the 
sewer  entirely,  so  that  nothing  more  can  pass  through  it.     Then,  from  neces- 
sity, commences  a  very  annoying  and  tedious  operation ;  the  street  is  stopped 
up,  tlie  pavement  removed,  and  the  sewer  laid  open  to  clear  out  the  vast  accu- 
mulation of  filth.     This  done,  the  arching  is  rebuilt,  the  ground  remade,  and 
the  paving  repeatedly  laid  afresh,  before  an  even  settlement  takes  place.     The 
cause  of  this  choking  up,  however,  remaining  unaltered,  the  same  occurrence 
takes  place  a  few  years  afterwards,  and  recourse  is  again  had  to  re-opening,  re- 
cleansing,  and  rebuilding,  only  to  be  renewed  after  a  similar  interval  of  time. 
To  pay  the  enormous  expenses  thus  incurred,  a  heavy  tax  called  a  sewer^raU 
is  levied  upon  the  inhabitants,  and  placed  in  the  hands  of  Vie  ComfHutioners  of 
SewerSf  who,  seemingly,  find  it  to  their  individual  advantage  to  disbiu^se  the 
fimds  in  their  old  way,  without  regard  to  various  improved  plans,  wliich  have 
been  repeatedly  submitted  to  their  consideration  and  adoption.     A  very  simple 
plan  for  their  improvement  was  proposed  by  Mr.  Joseph  Cuff,  which  that  gen- 
tleman strenuously  endeavoured  to  get  a  fair  trial  made  of,  but,  we  believe,  with 
little  success  in  the  metropolis,  though  it  has  been  adopted,  we  understand,  in 
Liverpool  and  some  other  provincial  towns.     The  figure  on  the  following  page 
is  descriptive  of  the  alteration  proposed  by  Mr.  Cuff;  it  represents  a  section  of 
a  street  to  the  same  scale  as  the  preceding  fi^re,  in  which  the  same  letters  of 
reference  indicate  corresponding  parts ;  A  bemg  the  roadway  of  the  street ;  B 
footpath ;  C  the  grating ;  D  D  solid  earth ;  £  the  well ;  F  supernatant  water ; 
G  a  cesspool,  with  the  |>onderoiis  matter  lying  in  it;  H  the  curtain,  or  dippinj^ 
valve ;  I  the  branch  or  collateral  sewer,  leaduig  into  the  main  sewer.  It  will  he 
readily  perceived,  that  stones  and  all  ponderous  matter  cannot  enter  this  sewer: 
that  nothing  but  water  or  matter  in  solution  can  pass  into  it,  which  quickly 
flows  off  when  above  the  level  of  the  collateral  sewer,  as  shown  in  the  engraving. 
The  silt  collected  at  the  boitom  of  the  well  lies  in  a  quiescent  state,  and  tlie 
water,  which  covers  it  to   the  depth  of  several  feet,  effectually  prevents  all 
noxious  exhalations  ;  acting  precisely  as  the  "  stink-trap"  commonly  used  in  the 
sinks  and  drains  of  private  houses ;  and,  like  them,  the  supernatant  water  is 
constantly  being  changed   by  fresh  accessions  of  the  fluid  running  into  the 
sewer.     The  cesspool  is  cleared  out  once  a  month,  or  oftener,  if  required,  by 
means  of  proper  rakes  and  tools,  and  Ui  the  work  of  only  about  twenty  minutes ; 
but  it  is  proiMised  to  have,  in  some  insunces,  cast-iron  receptacles  to  fit  the 
bottom  of  the  well,  which  arc  to  be  drawn  up  by  a  crane  connected  to  the  curt 
which  carries  away  the  silt  and  ponderous  rubbish.     If  at  any  time  a  foul 
stncH  should  be  emitted,  the  remedy  is  easy,   quick,  and  of  trifling  expense. 


riiii  plan  would  maleiially  vlicck  the  diigraci'fiil  practice  of  focciiig  rubbiah 
Ihniijih  the  grntiiiga,  u  il  would  readily  lead  to  the  dulcctioii  of  the  offending 
party.     It  is  also  wortliy  of  obiien'ulion,  tluil  the  seven  are  al  preiciit  the 


•ort  of  a  pTaili;}ioua  iiuiiibLT  of  rat*,  wliu  foi-d  iijhiii  the  ufT.it  Ihruv,  ii  dunii  ]|,g 
'atLii{!s;  tliciu  lata  cuinu  llimugh  tliL-  (jniiint'it  ut  |ili>nstire,  utul  puai  iiiio  Ihu 
YEllitig  liiiutteit.    Ity  the  iK'iT  jiluii  (lu'v  euiihl  iii>(  dii  ihUi  bi':iiilL>,  tliey  would 
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find  no  food  there;  and  having  no  limilsr  itronghold  to  retort  to,  it  utobcpn- 
lumed  that  their  oumbera  would  be  quickly  reduced  by  the  arti  o(  the  nt- 

Immedifttely  connected  with  this  lufaject,  ii  a  patent  taken  out  in  1S23,  hj 
Mr.  John  Williiimi,  of  Comhill,  "  for  a  method  to  prevent  the  frequent  niDonJ 
of  the  pavemt'iii  and  curiage  pathi  for  laying  down  and  taking  np  pipM,  ui 
for  other  purposes,  in  streets,  roads,  and  public  higliwajs."' 

The  nature  of  Mr.  Williams's  plan  will  be  fully  underatood  on  iiwpeclioogf 
the  following  drawing,  representing  a  tranivene  section  oftheatrecl.  rr  lep*- 
selita  the  paied  road-way;  /,  the  joot-pavement ;  b,  a  section  of  the  froatnl 
of  the  basement  story  of  a  bouse,  with  a  pipe  p  lo  supply  water  from  ane  «f 


the  mains  o,  contained  in  the  >iib-way.  The  opposite  side  of  the  dlagrim  >> 
incomplete,  having  been  cut  off  for  want  of  room ;  the  pipe  p  there  ^>i  ii 
tor  the  supply  of  the  house  on  that  side,  with  either  gas  or  water  j  the  OffH 
pipes,  which  nmy  be  supposed  to  brlong  to  different  companies,  are  ntspeoM 
lo  the  crown  of  llie  arcli  by  iron  straps.  The  lower  pipes  are  supported  op* 
the  Hoar;  mm  shows  the  oiilline  of  the  masonry;  (,  tlie  common  sewer,  «l><rl< 
liw,  at  aintcd  dinlnnrcs,  openings  into  llie  sub-ways,  but  secured  by  tlr-tifh 
doors,  to  prevent  the  escape  of  effluvia;  /,  one  of  the  holes  coveted  wiib  • 
grating,  for  the  admission  of  light  and  the  circulation  of  air.  The  psloiM 
proposes  to  build  bis  "  sub-wajV'  (as  he  terms  them)  when  pi-nctieablejOJertk 
sewers,  villi  drainage  from  them  into  the  stwcrs;  the  dimensions  are  *Ws 
7  feet  high  and  4  feet  wide,  but  tbeic  may  be  varied  according  lo  circunutannv 
Openings  are  to  be  made  on  the  tops  of  the  sub-ways,  or  tunnel,  it  ewr 
hundred  feci,  for  the  purpose  of  admitting  air  and  li^ht;  and  passages  are  tsls 
made  in  the  sides  to  admit  inspectors  and  worliiiien.  ,\long  each  side  of  ilu* 
tunnels  arc  to  be  nn-Hnged  pipes  to  supply  the  inhabitants  of  the  sireels  un^ 
which  they  arc  huilt,  with  water  and  gas. 

AnionjzsE  the  advantages  enumerated  by  lbs  patentee  to  be  derived  from  th 
iutroduclinn  nf  sub-waj's,  may  be  noticed  the  facility  with  which  a  liur  J 
pipes  may  be  deposited  along  a  street,  wiiboul  breaking  up  llie  poremeoi.  aaJ 
ihe  cotiiequcut  annoyance  to  the  Inhnbitant*,  obstruction  to  the  paaengen^  h' 
deiriment  to  ihe  st.ibilily  of  the  roads ;  the  immediate  accesa  at  all  tinN  * 
inspect  iho  pipes,  effect  the  requisite  rejmirs.  or  obtain  an  additional  mpphrf 
water  in  eases  of  fire,  and  hetler  opportunities  of  repairing  and  desnf 
the  common   sewer,   vrhctber  it  be  situated  underneath  or  alongvide  tC  At 

SEXTAN  r,  in  Atlronomi/  and  Oplici,  an  instrument  for  observing  altitadH 
distances,  Jto  of  the  heavenly  bodies.  Its  nature,  construction,  and  use*  "• 
siuiilar  to  ihrae  of  the  quadrant,  excepting  that  it*  circular  limb  milaini  ""h 
sixty  di-greti!. 
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SHAGREEN.  A  kind  of  grained  leather,  much  used  in  covering  bookn. 
Sec  Leather. 

SHAI.E.  A  variety  of  shistose  clay.  The  acid  emitted  from  the  clay 
during  its  calcination,  uniting  itself  to  the  orffillaccous  earth  of  the  shale,  forms 
tlum.  About  120  tons  of  calcined  shale  will  make  1  ton  of  alum.  The  shale, 
■IVer  being  calcined,  is  steeped  in  water,  by  which  means  the  alum,  which  is 
formed  during  the  calcination  of  the  shale,  is  dissolved.  The  dissolved  alum 
undergoes  various  operations  before  it  is  prepared  fur  the  shops.  This  kind  of 
shale  forms  large  strata  in  Derbyshire,  and  is  frequently  found  above  the  coal 
in  mcwt  of  the  coal  districts  of  England. 

SHAMMY,  as  it  is  usually  denominated,  but  rather  Chamois.  A  very 
Dliabie  kind  of  leather,   originally  prepared  from   the  chamois   goat.      See 

1«EATMER. 

SHEATHING,  in  Naval  Architecture,  a  sort  of  covering  nailed  all  over 
tbe  outside  of  a  ship's  bottom,  to  protect  the  planks  from  the  ravages  of  worms. 
Formeily,  this  sheathing  consisted  only  of  boards  tarred  and  payed  over ;  but 
BOW  eopp^  it  resorted  to,  not  merely  as  a  substitute,  but  as  an  additional 
euwrriugy  and  it  has  become  almost  univcittal,  where  the  expense  can  be 
■MCamcd;  it  is  of  especial  utility  in  vessels  making  long  voyages  and  into  warm 
wKliMtw.  The  rapid  corrosion  of  copper,  by  the  action  of  sea  water,  renders  the 
Avqvent  renewal  of  it  a  very  serious  item  of  expense  to  the  ship-owner.  In  a 
pHtmC  vUeh  Mr.  Robert  Mushet  took  out  a  few  years  ago,  for  "  certain  means 
or  ytoeeaees  for  improving  the  quality  of  copper  and  alloyed  copper,  so  as  to 
icndker  it  more  durable  when  employed  as  sheathing  to  ships  bottom?,"  he 
atataa  (wbat  our  experience  confirms),  that  owing  to  some  defect  in  the  manu- 
fiMeliire  of  the  copper,  the  sheathing  upon  a  ship  is  sometimes  worn  away  by 
oxidation  in  a  mucn  shorter  period  than  usual,  lasting  only  one,  two,  or  three 
▼oyaget,  instead  of  five,  six,  seven,  or  more  (according  to  the  time  and  distance, 
and  uiickness  of  the  copper).  The  cause  of  this  Mr.  Mushet  considers  to  arise, 
not  simply  from  the  impurity  of  the  metal,  but  from  the  undue  proportion  of 
die  alloy  with  which  it  mav  be  mixed.  He  also  states,  that  ha  has  found  that 
the  purest  copper,  exposed  to  the  action  of  sea-water,  is  not  so  tenacious  as 
when  alloyed  in  the  manner  he  proposes  in  his  specification,  and  on  which  he 
foandfl  his  patent.  He  directs,  that  to  100  lbs.  of  copper  is  to  be  added  2  oz.  of 
tbe  regulus  of  zinc,  or  4  oz.  of  the  regulus  of  antimony,  or  8  oz.  of  the  regulus 
of  arsenic,  or  2  oz.  of  grain  tin.  Instead  of  these  alloys  separately,  they  may 
be  employed  in  conjunction  in  the  following  proportions :  viz.  to  100  lbs.  of  the 
copper  add  half  an  ounce  each  of  the  zinc  and  tin,  1  oz.  of  the  antimony,  and 
3  OS.  of  the  arsenic.  By  these  mixtures,  Mr.  Mushet  states  that  the  copper  is 
lendered  much  more  cohesive  and  fibrous  in  its  texture,  and  that  the  corrosive 
eflbcts  of  the  sea-water  will,  in  a  great  measure,  be  prevented. 

Mr.  Christopher  Pope,  of  Bristol,  took  out  a  patent,  in  1824,  for  the  manu- 
facture of  metallic  plates,  chiefly  for  the  purpose  of  sheathing  of  ships,  in  which 
copper  is  altogether  discarded.  These  plates  are  composed  of  tin  and  zinc,  or 
of  tin,  lead,  and  zinc.  Mr.  Pope  says,  in  his  specification, — "  To  unite  tin  and 
line,  I  take  a  certain  quantity  of  zinc,  as  it  is  usually  made,  and  melt  it  in  an 
iron  pot,  and  when  melted,  I  add  an  equal  quantity  of  tin ;  and  having  stirred 
tbem  together  in  a  fluid  state,  I  cast  cakes  of  it  in  moulds  of  about  8  inches 
broad,  10  inches  long,  and  f  of  an  inch  thick,  which  cakes  are  afterwards 

hammered  or  rolled  out  into  sheathing To  unite  tin,  lead,  and  zinc, 

I  melt  a  certain  quantity  of  lead,  and  add  to  it  twice  the  quantity  of  tin.  This 
Bomposition  i  cast  into  small  lumps,  and  having  melted  tliree  times  as  much 
rise  as  I  had  previously  melted  of  lead,  I  then  add  the  small  lumps  of  tin  and 
ImwIv  and  melt  the  whole  together ;  wliich  method  I  find  to  be  the  best."  This 
■ixtnre  he  casts  into  cakes  of  the  size  before  mentioned,  and  then  rolls  them 
Mrt  into  sheets ;  and  he  particularly  enjoins,  that  no  more  beat  be  used  than  is 
puH  tniScient  to  compound  the  alloy,  as  the  metal  becomes  hardened  by  an 
iBoeia  of  heat ;  and  that  it  is  advisable,  in  rolling  out  the  cakes,  to  beat  tbem 
tB  tiie  temperature  of  boiling  water,  by  which  he  says  that  **  they  will  roll  or 
kHnnmer  softer  than  when  cold."  lliis  metallic  Bheathing  has,  we  are  informed, 
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been  more  extensively  employed  for  covering  of  the  tops  of  houset,  than  tht 
bottoms  of  ships. 

A  few  years  ago,  some  very  favourable  accounts  were  published  of  the  pstnt 
Indian  rubber  sheathing,  which  consisted  of  a  coarse  fabric  of  fibrous  material, 
saturated  with  a  solution  of  the  elastic  resin,  together  with  pitch  and  tar.    Hm 

frice  of  the  sheathing  was  ten  pence  per  sheet,  of  the  size  of  34  inches  by  20. 
t  wa«  found  to  be  a  complete  protection  against  the  worm,  and  must,  at  tkt 
leant,  we  think,  form  an  improved  substitute  for  the  felt  in  genend  use. 

It  was  for  some  time  supposed  that  Sir  H.  Davy  had  discovered  a  remedy 
against  the  rapid  oxidation  of  the  copper.     Regarding  the  action  of  the  set- 
water  upon  copper  as  of  a  galvanic  nature,  that  great  chemist  considered  thai, 
by  the  addition  of  small  pieces  of  tin  and  zinci  the  copper  would  be  rendend 
negatively  electrical,  and  oxidation  prevented.  Sliips  were  sheathed  on  thiipriB- 
ciple,  and  sent  to  sea ;  but  they  proved  such  baa  sailers,  from  the  foidness  of 
their  bottoms,  that  a  negative  was  soon  put  u^n  the  scheme.     It  is  true  that 
the  copper  was  thus  protected  by  the  zinc  and  tin,  but  the  barnacles  (shell-fiih) 
attached  themselves  so  much  to  the  protectors,  as  to  introduce  a  greater  eri 
than  they  were  calculated  to  remedy.     Sanguine  hopes  were  entertained  of  the 
success  of  this  plan,  and  the  disappointment  consequent  upon  failure,  was,  d 
course,  extensively  felt.     Founded  upon  the  same  theory  oi  the  galvanic  bifh- 
cnce,  a  patent  was,  a  few  years  ago,  obtained  by  Professor  Pattison,  fbrmakiiu 
use  of  iron  plates,  protected  by  zinc,  which,  it  was  asserted,  entirely  preventd 
the  oxidation  of  the  iron  :  and  that  a  ship  sheathed  with  iron  and  little  bits  d 
zinc  had  been  two  years  at  sea,  and  returned  home  with  a  clean  and  bright  sar- 
face.     The  specification  of  the  patent  states  that  the  iron  plates  may  be  of  the 
\\%\\?1  dimensions  of  the  copper  plutes,  and  for  each  area  of  100  inches  in  the 
iron,  a  ]»1ate  of  zinc  of  from  one-eii;hth  to  one-fourth  of  an  inch  thick,  eqiin^ 
to  five  inches  in  area,  is  attached  to  the  lower  extremity  of  the  sheet,  so  that  its 
sheathine  the  vessel  from  the  upper  part  downwards,  each  succeeding  sheet  oiC 
iron  shaU  be  in  contact,  by  lapping  over,  with  the  zinc  plate  of  the  sheet  imme^ 
diately  above  it.    Plates  of  zinc  must  also  be  attached  to  the  inside  of  the  sher-i 
of  iron,  bearing  a  proportion  in  area  to  those  on  t)ie  outside,  of  3  to  5.    Th^ 
spikes  and  bolts  bv  which  the  sheathing  is  fastened  to  the  vessel  are  each  to  1^ 
furnished  with  a  disc,  or  washer,  of  zinc,  fitting  closely  to  the  head ;  tmd  it  ' 
recommended  that  they  be  driven  well  home  to  insure  perfect  contact 
nails  employed  are  to  be  made  concave  under  the  head,  and  the  cavity  is  to 
filled  with  melted  zinc.     The  proportions  of  five  square  inches  of  zinc  to  i 
hundred  of  the  iron,  is  not  insisted  on ;  any  greater  proportion  will  be  eqoattjT 
effectual,  and  the  zinc  may  be  alloyed  with  copper,  tin,  or  lead,  in  the  piiyg" 
tion  of  from  3  to  10  per  cent.    By  this  mode  of  sheathing  vessels,  it  is  a«eits4 
in  the  specification,  that  the  corrosion  or  oxidation  of  the  metal  will  be  nesHf* 
if  not  entirely,  prevented. 

S H E .\V E.     The  wheel  contained  in  pulley  blocks. 

SHEERS.  A  nautical  term  applied  to  an  ordinary  contrivance  for  hoiitio; 
in  or  getting  out  the  masts  of  a  vessel ;  it  is  composed  of  two  long  spsn  or 
masts,  erected  in  a  mutually  inclined  position,  so  as  to  cross  each  other  at  dier 
upper  ends,  where  they  are  lashed  together,  and  their  lower  ends  being  second 
to  the  opposite  sides  of  tite  vessel,  Uckle  blocks  are  suspended  to  them  for  tk 
above-mentioned  and  other  purposes,  such  as  the  loading  or  "fflAtd'^g  tU 
vessel,  &c. 

SHELF,  among  Minerty  the  strata  which  they  find  lying  in  a  very  etn 
manner. 

SHIELD.  An  ancient  weapon  of  defence,  in  form  of  a  tight  bocklcr,  honf 
on  the  arm  to  ward  off  lances,  darts,  &:c. ;  the  usual  shapa  of  which  ii  Rpre- 
sented  by  the  escutcheon  in  coats  of  arms. 

SHIP.  The  general  name  for  any  large  vessel  fitted  with  one  or  man 
masts  and  sails,  tor  the  purpose  of  navigating  on  the  sea.  The  nans  sh^  % 
however,  more  strictly  and  properiy  applied  to  a  vessel  with  three  masts  sad  * 
bowsprit ;  each  mast  consisting  at  least  of  two^  and  most  freqaently  of  thm 
component  parts ;    namely,  lower-mast,  top-ma5«ty  and   top-gMlan^mai^  M^ 


n  luTine  iti  correapanding  yard  cirrying  a  iquare-Mtil  rigged  aloft, 
ir^irit  aUo  being  fixed,  &nd  funiiahed  with  sprit'uil-yBrd,  jib-Wmi, 
rba  distbgu tailing  featurea  of  sea-goinz  vnaeta  of  otber  deicriDtioiii 
ticed  under  their  respective  heada ;  and  aa  it  will  not  accord  with  the 
led  limit*  of  this  work  to  enter  at  large  into  the  aubject  of  naval 
itOTc,  we  ahatl  in  this  place  introduce  to  the  attention  of  the  reader, 
oWreatiog  improvement!  and  auggeationi,  which  have  recently  been 
3  ingenious  and  tcienlific  men. 

ir  yean  since,  Mr.  David  Redinund,  an  engineer  of  the  City-road, 
I,  (who  was  originally  a  ahipwrieht),  took  out  a  patent  for  improve- 
in  the  mode  of  constructing  the  bulla  of  ships  and  other  vesiets,  the 
jeot*  of  which  were  the  obtaining  of  a  more  effectual  security  againat 
1^  and  fkcililating  the  general  adoption  of  steam  navigation.     Tlie 


I'  deicriplion,  tozellier  with  tlie  obaerrations  upon  it,  n 
nfication  of  the  ingenious  patentee. 
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"The  present  mode  of  framing  the  hulls  of  vessels  leaves  m  rmBuatj 
between  the  ribs  and  frames,  which  said  ribs  or  frames  are  not  firmljjr 
connecteci  together,  so  as  to  unite  their  strength,  until  the  pUiiking  ts 
affixed  to  them  ;  so  that,  previous  to  planking,  the  hull  has  no  strength 
whatever.  Now  as  this  is,  I  conceive,  the  foundation  of  the  Btructur«y  I 
respectfully  submit  that,  when  in  that  state  ready  for  planking,  the  vtmA 
should  be,  if  possible,  of  sufficient  strength  to  resist  all  such  shocks  or 
concussions  as  vessels  are  liable  to  meet  with ;  so  that  when  planked,  sba 
should  acquire  the  jfull  portion  of  additional  strength  which  can  be  imparted 
to  her  construction  by  that  process,  and  that  the  shocks  or  concussions  to 
which  all  vessels  are  liable,  should  not  be  received  on,  or  affect,  the  treo- 
nails,  or  bolts,  which  secure  the  planking  to  the  frame  of  the  vesseL  Now 
as  the  present  vessels,  previous  to  planking,  are  not,  by  their  construction, 
capable  of  supporting  themselves,  and  only  acquire  strength  by  their 
planking  being  secured  to  the  frame  or  timbers,  by  wooden  tree-nails  or 
bolts,  I  presume  it  is  evident,  that  the  greatest  portion  of  every  violent 
strain,  shock,  or  concussion,  that  the  vessel  is  subject  to,  must,  in  a  great 
measure,  be  received  and  sustained,  in  some  direction  or  other,  by  the  afore- 
said wooden  tree-nails  or  bolts,  which  have  first  given  strength  to  the  fabric 
by  securing  the  frames  and  planking  together.  The  ribs  or  dmben  not 
being  united  close  together,  there  seems  to  be  nothing  to  |nwent  the 
greatest  portion  of  the  shocks  being  received  by  the  tree-nails  or  bolts ;  the 
repetition  of  the  shocks  soon  works  the  tree-nails  loose  in  their  boles,  and 
the  vessels  then  become  crazy  and  Jeaky;  which  shows  clearly  how  very 
inadequate  they  must  be  for  the  purpose  of  sustaining  any  lengthened 
continuation  of  such  strains  and  concussions  as  all  vessels  are  liable  to.  In 
my  construction  of  vessels  I  have  no  vacancy  between  my  ribs  or  timbers ;  but 
I  begin  at  the  middle  of  the  ship,  and  bolt  each  rib  or  frame  firmly  to  its 
fellow,  inserting  the  bolts  in  each  that  are  to  receive  the  next,  as  shown  in  Fiff.  3, 
which  shows  six  of  the  first  ribs  connected  together,  with  the  heading  joints 
always  crossed,  and  the  bolts  standing  out  to  receive  the  next  rib;  so  1  woric 
right  and  left  to  the  head  and  stem,  as  shown  in  I^.  1,  which  is  a  longitudinal 
section  of  all  the  ribs  or  timbers,  showing  the  bolts  let  in  at  the  heads  to  admit 
of  each  rib  being  bolted  close  to  its  fellow,  each  requiring  to  have  holes  made  in 
them,  to  receive  the  nut  of  the  bolts  of  the  previous  one,  as  is  seen  in  /^.  1. 
My  heading  joints  are  each  grooved  a  little  way  in,  and  a  tongue  or  tenon  of 
metal  driven  in  after  it  is  in  Its  place,  which  will  serve  as  a  stop  to  the  caulking, 
and  give  steadiness  to  the  ends ;  and  the  tongue  or  tenon  should  enter  about  an 
inch  or  more  into  the  ribs  on  each  side.  It  will  be  requisite  to  have  as  lam 
washers  or  plates  under  the  heads  of  the  bolts,  and  also  under  the  nuts,  as  tne 
size  of  the  timbers  will  admit  of,  only  the  edge  of  the  plates  should  not  come 
within  three-quarters  or  half  an  inch  of  the  face  of  the  timbers ;  so  that, 
when  caulked  inside  and  out,  both  bolts  and  plates  are  secured  from  air  and 
water.  The  holes  for  the  bolts  should  be  about  one-fourth  of  the  ^ckness,  or 
a  little  more,  from  each  edge ;  so  tbat  if  the  timber  were  eight  inches,  the 
centre  of  the  hole  should  be  about  two  inches  and  a  quarter,  or  two  inches  and 
a  half  from  each  edge.  It  may  be  found  proper  in  some  light  constructed 
vessels  to  have  the  bolts  in  the  centre  of  the  timbers ;  in  such  cases  the  vessels 
will  be  exceedingly  strong,  but  will  not  be  so  stiff*  as  the  other  way.  It  will  be 
seen  by  Fig.  1,  that  all  my  timbers  are  made  smaller  at  the  upper  end,  and 
larger  at  the  lower  part  next  the  keel ;  and,  as  every  good  practical  ship-builder 
is  acquainted  with  the  prevailing  methods  of  striking  out  the  timbers  to  stand 
at  any  angle  or  inclination,  I  need  only  remark,  that  the  an^le  of  inclination 
at  which  1  have  shown  the  timbers,  appears  to  me  to  be  the  best  But  if  the 
test  of  experience  should  foggest  any  alteration,  it  is  easily  done  by  making  the 
timbers  more  or  lets  of  the  wedge  form,  as  may  be  found  best 

The  section  No.  I  also  shows  the  timbers  are  of  various  dimenslona,  as  it  is 
not  absolutely  necessary  they  should  be  all  of  one  size,  only  they  should  be 
tapered  in  proportion,  so  as  to  keep  the  proper  angle ;  but  they  should 
bti  all  of  the  same  dimensions  the  other  way,   so  as  to  produce  an  even 
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■nrfkce  for  the  planking,  as  at  present ;  and  I  should  always  keep  my  timbers 
to  their  ftillest  dimensions  from  outside  to  inside,  as  the  more  I  increase  the 
■orfaoe  of  my  abutments,  the  greater  the  stability  of  the  vessel, — always  bearing 
in  mind  Uiat  I  am  constructing  an  arch,  to  be  self-abutted  in  every  direction.  I 
can  reduce  the  thickness  of  the  planking,  and  increase  the  thickness  of  the 
ttmbers,  and,  by  so  doing,  greatly  increase  the  strength  of  the  vessel;  and  as 
strength  and  stability  are  the  principal  objects  I  propose  to  obtain  by  my  im- 
]nt>Tements,  in  those  parts  of  the  vessel  at  or  near  the  head  or  stern,  where  the 
ribs  form  a  sharper  or  more  acute  angle  at  the  keel,  as  shewn  by  Figs,  7  and  8, 
I  would  keep  the  line  of  the  timbers  more  to  the  circle,  to  admit  of  the  timbers 
which  cross  the  keel  being  cut  out  of  trees  of  moderate  dimensions,  without  the 
grain  running  too  much  across,  and  to  fill  out  the  shape  with  what  is  technically 
termed  dead  wood  or  chocks,  as  shewn  by  Figt,  7  and  8,  which  should  be 
■eeored  to  the  rib,  and  bolted  to  its  fellow  piece  ;  which,  by  increasing  the 
surface  of  the  abutments,  adds  stability  to  the  arch,  and  proportionate  strength 
to  the  vessel. 

**  If  any  objection  should  be  made  about  the  mtantity  of  dead  wood  or  chocks 
aoeamulating,  by  adhering  strictly  to  the  rule  laid  aown  as  relative  to  Figs,  7  and  8, 
I  would  wish  it  to  be  understood,  that  if  the  ribs  were  prepared  for  those  parts  as 
fS^j  are  at  present,  only  to  diminish  them  from  the  top  to  the  bottom,  as  before 
stated,  and  bolt  them  firmly  together,  and  to  the  keel,  as  at  present,  the  vessel 
would  be  infinitely  stronger  than  by  the  ordinary  mode,  but  would  not,  in  my 
opinion,  be  of  equal  strength  and  durability  as  if  exeaited  asreeable  to  the  rule 
Iiud  down  in  Figs.  7  and  8 ;  as  on  my  plan,  if  the  whole  of  tlie  keel,  stem-post, 
and  the  dead  wood,  were  all  carried  awny,  the  fVame  of  the  vessel  would  remain 
ftrm  and  secure,  and  would  only  have  lost  the  trifling  portion  of  strength  she 
bad  acquired  ftfum  her  keel  and  dead  wood  being  affixed  to  her  frame.  It  may 
W  proper  here  to  remark,  that  on  my  improved  mode  of  ship-building,  every 
additional  piece  of  timber  affixed  to  it  from  the  first  rib  or  frame  to  the  last 
pisnk,  all  and  every  additional  piece  so  affixed  brings  with  it  its  proportionate 
addition  of  strengtn  and  stability  to  the  vessel,  beyond  its  own  weight  Even 
what  is  technically  termed  dead  wood,  on  my  principle,  brings  its  proportionate 
addition  of  strength  and  stability  to  the  vessel,  if  it  is  put  on,  and  secured  to 
each  rib,  and  bolted  to  its  fellow  as  directed. 

**  The  beams  on  which  the  decks  lay  should  be  secured  to  the  sides  of  the 
TCirl  in  the  usual  manner ;  but  as  room  is  considered  a  great  object  between 
daekty  and  the  present  decks,  beams,  and  planking  take  up  from  10  and  11  to 
14y  16,  and  18  mches,  according  to  the  size  of  the  vessel,  and  the  number  of 
decks,  &c.,  I  propose  cutting  oak  scantling  to  the  size  or  thickness  of  the  decks,— 
aajT  about  6  or  8  inches  square,  according  to  the  width  of  the  vessel, — keeping 
ihm  curve  of  the  deck  as  much  as  possible, — say  about  7  or  8  inches  in  the  width 
of  about  28  or  30  feet,  and  the  scantling  about  6  or  8  inches,  taking  about  the 
same  quantity  of  timber  as  at  present  used  in  beams  and  planking.  These  I 
%olt  iirmly  together  (see  Fig,  5,)  after  the  same  manner  as  the  ribs  of  the  hulls. 
^vkh  about  three-quarter  or  seven-eight  bolts,  according  to  the  rate  or  tonnage 
of  the  vessel.  The  scantling  should  be  all  the  length  across  the  vessel,  and 
being  bolted  together  as  above,  would  be  found  of  great  strength ;  but  to  increase 
llbe  atrenffth  as  might  be  required,  I  would  truss  two  together  at  about  6  or  8  feet 
apart,  as  in  middle-deck  Fig.  5  ;  or  a  truss,  constructed  as/V^.H,  might  be  inserted 
fato  each  scantling ;  or  a  rule  joint  self-abutted  chain,  as  Fig.  13,  might  be  let 
Into  the  edge  of  the  scantling,  for  the  same  purpose :  and  they  should  continue 
Afioagh  the  sides  of  the  vessel,  havine  a  stout  nut-screw  and  plate,  to  enable 
Aem  to  secure  the  sides  firmly  to  the  deck, — thus  answering  a  double  purpose  ; 
md  by  having  fewer  or  more  of  them,  the  decks  may  be  made  of  any  additional 
strength  required,  with  an  even  surface  underneath,  yet  will  not  take  up  half 
iba  tpaee  occupied  by  the  present  decks.  I  merely  name  these  methods,  if 
isdditional  8trenfi:th  should  be  reauired;  but  it  is  my  opinion  there  will  be 
IpnlReient  strength  without  them.  In  vessels  where  expenses  or  first  cost  were 
KOt  an  ol^ect,  the  timbers  might  be  prepared  with  a  circular  groove  in  the 
iDSBtre,  (tee  Fig,  10,)  in  which  groove  a  strongly  twisted  rope  of  oakum  might 
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be  put,  which,  being  lefl  rather  large,  would,  when  screwed  up  tight,  form  a  ttroog 
ana  tough  tongue  or  key,  and  also  a  stop  Ibr  the  caulking.  The  decks,  if 
required,  could  be  done  in  the  same  way,  and  they  might  be  caulked  on  both 
sides,  if  requisite ;  and  if  any  objection  should  arise  about  the  joints  of  the 
decks  runnmg  across  the  ship,  they  might  board  it  the  other  way  with  thin 
boards  (as  see  Fig,  5,)  or  the  scanthngs  might  run  from  head  to  stem,  kept  to 
the  curve,  and  bolted  together  tlie  same  as  tlie  others ;  in  which  case  it  would 
form  an  arch,  the  abutments  of  which  were  secured,  but  would  not  be  so  strong 
as  the  other  way.  Fig,  4  shows  how  the  timbers  come  to  a  finish  at  the  head 
and  circular  stern  of  the  vessel.  The  keel  or  stern-post  is  not  shown,  as  it  is 
only  to  show  how  the  timbers  finish,  and  also  what  very  short  pieces  may  be 
occasionally  used ;  as  the  strength  of  the  arch  does  not  so  much  depend  on  the 
length  of  the  pieces,  as  on  the  increased  surface  and  efiTectual  security  of  the 
abutments.  It  will  be  understood  that  spaces  for  port  holes  in  ships  of  war  can 
be  left  without  materially  diminisliing  the  strength  of  the  vessel. 

^'  It  is  supposed  in  this  description,  that  the  keel  is  first  laid  down,  as  usually 
done,  only  its  internal  edge  will  be  formed  to  the  curve  of  the  under  part  of  the 
hull,  exclusive  of  the  filling  out  pieces  or  chocks  alluded  to  in  Figt.  7  and  8. 
My  improved  ship  now  having  her  decks  in  and  firmly  secured  to  the  beams 
on  which  they  rest,  and  also  to  the  sides,  head,  and  stem  of  the  vessel,  after  the 
metho<Is  before  described,  I  now  proceed  to  caulk  all  her  joints,  inside  and  out, 
and  her  decks  also ;  which  being  done,  she  then  presents  the  novel  sight  of  a 
ship  of  great  strength,  previous  to  planking ;  presenting,  in  every  assailable 
direction,  the  strength  and  resistance  of  an  arch,  self-supported  and  self-abutted 
in  every  direction, — no  bolt  pr  pin,  but  those  which  secure  th&  decks  to  the 
frame,  being  visible  thoughout  her  whole  frame,  to  convey  to  the  beholder  the 
slightest  idea  of  the  mode  by  which  her  abutments  are  secured ;  and  her  fi^me 
so  firmly  united  together,  her  invisible  endless  chains  of  bolts  being  perfectly 
secured  from  air  and  water  by  the  caulking  inside  and  out,  the  vessel  itself 
being,  of  course,  water-tight  every  where,  and  of  incredible  strength,  as  the 
force  of  every  shock  is  received  on  and  divided  amongst  her  numerous  abut- 
ments. In  this  state,  previous  to  planking,  let  the  comparison  be  drawn  between 
my  improved  ship,  and  one  of  the  present  day,  previous  to  their  being  planked — 
one  of  great  strength,  the  other  of  no  strength  at  all — not  being  capable  of  sup- 
porting itself  until  planked.  I  would  now  remark,  that  as  the  process  of 
planking  imparts  such  a  great  degree  of  strength  to  all  modern-built  vessels,  it 
will,  of  course,  appear  to  any  person,  that  my  vessel  must  derive  a  considerable 
additional  increase  of  strength  and  stability  by  that  process,  as  the  tree-nails 
which  secure  the  planks  to  the  frame  cannot  be  disturbed  by  any  shocks  or 
strains  the  vessel  may  receive,  the  force  of  all  outward  shocks  being  received 
on  and  divided  among  her  numerous  abutments — and  of  all  strains  from  weight 
or  cargo,  on  her  abutments  and  bolts,  which  must  bo  drawn  apart  before  the 
tree-nails  can  be  affected,  which  cannot  occur  if  they  are  in  proportion  to  the 
tonnage  of  the  vessel.  I  now  plank  her ;  and  of  course  my  vessel  would  admit 
of  a  considerable  reduction  in  the  thickness  of  the  planks  of  ships  of  war,  which 
may  be  added  to  the  timbers, — how  much,  I  must  leave  to  the  discretion  of  the 
builders,  who  will  act  according  to  circumstances. 

:"The  planking  would  be  fastened,  asu^jual,  with  tree  nails,  as  I  know  nothing 
better ;  and  as  the  force  of  any  shock  will  not  now  be  felt  by  them,  but  received 
on  the  abutments,  they,  of  course,  will  now  be  fully  effective.  Each  alternate 
rib  should  be  bolted  to  the  keel,  and  the  keelson  bolted  through  each  of  the 
others,  and  through  the  keel  also.  The  thickness  of  the  bolts  will  be  r^u- 
lated  by  the  weight  and  tonnage  of  the  vessel.  A  vessel  of  500  tons  should 
have  the  six  upper  bolts  within  six  or  eight  feet  of  the  top,  in  the  first  sixteen 
or  eighteen  central  ribs,  that  is,  six  on  each  side  of  the  vessel  to  each  rib ;  and 
each  Dolt  should  require  a  force  at  least  equal  to  18  or  20  tons  to  draw  it  apart 
The  decks  should  not  have  less  than  three-quarter  bolts.  Tlie  whole  of  the  lx>Us 
would  be  best  to  have  strong-threaded  screws,  with  adequate  thick  uuts  and 

Sates  as  large  as  the  timber  will  admit  of,  and  m  those  of  the  decks  also ;  should 
e  iron  be  thought  to  afiect  the  compass,  a  great  number  of  these  might  be 
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r  bolts,  of  equal  or  of  adequate  strength.  It  must  be  understood,  I 
f  mention  about  the  number  and  strength  of  bolts  that  should  be  put  in  to 
a  firm  and  substantial  vessel,  with  timbers  the  same  size  as  at  present, 
lefore  it  is  planked ;  but  it  is  obvious  that  ship*builders  will  exercise  their 
iflcretion  on  that  head,  more  or  less,  according  to  circumstances ;  so  that 
vessels  will  be  so  incredibly  strong,  that  a  storm,  or  being  driven  on  shore, 
have  no  effect  on  them,  being  equally  secure  and  safe  on  land  and  water; 
would  not,  perhaps,  build  them  so  strong ;  but  it  is  certain,  that  with  the 
quantity  of  timber,  and  a  suiHciency  of  bolts,  agreeable  to  the  scale  afore- 
'essels  may  be  constructed  on  this  principle,  of  such  strength  and  stability, 
o  hear  of  the  wreck  of  one  of  them  would  be  quite  a  novelty.  With 
r  and  bolts  proportionate,  there  need  be  no  limits  to  the  dimensions  or 
th  of  vessels  constructed  on  this  plan, — which  is  what  is  most  wanting  in 
navigation,  the  desideratum  being  larger  and  much  stronger  vessels. 
:  win  be  seen  that  very  strong  vessels  may  be  constructed  on  my  princi- 
fitb  the  timbers  running  horizontally  or  longitudinally  from  head  to 
and  connected  together  as  before  described.  But  I  have  described  them 
illy,  as  used  at  present,  which  I  think  to  be  the  best,  strongest,  and  sim- 
method  of  carrying  my  improvements  into  effect;  as  it  is  so  trifling  a 
ion  from  the  present  mode,  being  simply  improvements  on  the  present 
ids  of  arranging  and  connecting  their  timbers,  which,  if  strictly  adhered 
d  generally  adopted,  will  put  an  effectual  stop  to  the  appalling  annual  loss 
es,  treasure,  and  time,  to  which  we  have  been  so  long  subjected ;  substi- 
safety,  certainty,  and  punctuality,  in  all  the  future  naval  and  mercantile 
of  this  wonderful  and  enterprising  nation, — thus  keeping  our  own  proper 
m  in  the  new  era  of  enterprise  opening  to  our  view,  m  Uie  general  adop- 
f  ateam  navigation  for  all  naval  and  commercial  purposes." 
i  quantity  of  timber  consumed  in  the  construction  of  a  hull  of  this  kind, 
:h  the  same  as  in  one  of  the  ordinary  kind — the  quantity  of  bolts  about 
»';  but  as  a  great  quantity  of  iron  and  other  work  is  superseded  by  Mr. 
und's  plan,  the  total  cost  would  not  be  more. 

.  Ancersley's  patent  plan  of  building  ships  and  boats,  is  exactly  the  oppo- 
f  Mr.  Reamund*s,  just  described ;  instead  of  depending  upon  the  rib 
n  for  the  main  support  of  the  hull  of  a  vessel,  he  dispenses  with  them 
ty»  and  derives  the  requisite  strength  from  successive  courses  of  planks 
1^  each  other.  The  following  account  of  the  invention,  derived  from  a 
ileal  journal,  will  be  found  sufficiently  explanatory. 
\  mode  of  proceeding  is  first  to  form  a  model  of  the  required  dimen- 
and  regulate  the  symmetry  of  the  subordinate  arrangements  accordingly ; 
one,  the  model  is  cut  across,  by  which  the  form  and  proportions  for  the 
are  exactly  obtained,  as  shown  in  the  annexed  Fig.  1.  The  moulds  are  then 

Fig.  1. 


(Centre  Mould.)  (Sedhn  of  Model) 

I  on  the  buflding  blocks,  in  much  the  same  manner  as  in  other  vesaek ; 
Milds  are  of  slender  materials,  merely  strong  enough  to  retain  together 
rfect  shape  of  the  intended  vessel :  tney  are  shown  in  F^g,  2. 
mgitudinal  layer  or  course  of  planks  is  then  fastened  to  the  moulds  all 
;  namely,  bottom,  sides,  and  aeck ;  sheets  of  tarred  paper  are  then  laid 
kd  a  second  course  of  planks  is  put  upon  the  course,  athwart,  all  round 


(Ptrtpeethe  Fitu  of  Moaldt  »el  up.) 

the  first  courae,  u  shown  in  the  aubjoined  figure,  vhich  croties  the  grain  of  the 
wood,  and  moat  eaaeDLially  contributes  to  the  itrengtb  of  the  fBbric ;  each  coutm 
of  planii  a  tree-nailed  together,  and  the  courKa  continued  in  alternate  direc- 


(Tht  aUematt  fort  and  aft  and  erou  planiing.) 

tloiM  till  a  Bufiicient  substance  ia  acquired  for  the  strength  of  the  veiaeL  The 
keel,  stem,  and  slem-postB,  arc  put  on  with  the  loat  course,  as  shown  in  I^.  4, 
and  then  the  wliole  are  tree-nai)ed  ihiougb  and  through,  each  tree-nail  being 
driven  hard  in,  then  split  at  the  end  and  wedged.  .The  dead  wood  fore  and  all 


{ProJlU  if  a*  Ftuel  eowipktt.) 


ii  fonned  by  cross  planking,  to  fill  up  the  space  between  tiie  body  of  llie  vcnel 
and  the  stem  and  atem-poits.  To  aave  the  bottom,  atrenpthen  it,  and  keep  the 
Tessel  upright  when  aground,  two  bilge  keels  are  tree-nimed  or  bolted  through 
o  bilee  planks  in  the  inside  of  the  vessel :  stanchions,  with  biackela,  are  fixed 


!  sides  and  deck,  and  the  bulwarks  t 


e  last  courae  of 


companions  are  then  cut  out  of  the  solid  deck,  and  the  comyns  introduced.' 
This  system  of  building  is  said  to  require  much  lets  timber,  being  without  fcner^ 
beams,  and  ribs,  and  Is,  therefore,  more  buoyant^ — causes  no  loss  of  time  in' 
building,  for  aeasoning  the  limber — avoids  the  dry  rot,  from  air  and  moistnr* 
bcin^  excluded  from  the  inner  courses — the  resistance  more  elastic,  and  pre- 
•enting,  in  eveir  direction,  an  arch  to  sustain  external  ihocka ;  and,  i:  ' 


it  ia  adde4, 
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dial  in  caM  or  w«rhra,  the  dntruclivs  c^ta  arUing  from  tplinten  wIU  Iw 
CDtirely  avoided. 

A  curiou*  mode  of  defeading  *hipi  tgaioit  the  eSecta  of  cannon  balli,  «u 
propoaed  by  the  intelligent  and  philanthropic  Levii  Gompertz,  Esq.,  of  Ken- 
nington  Oval,  and  was  published  in  the  acientiSc  joumali  a  few  years  ago  ;  a 
GOndeDied  account  of  whicb  we  ioBert,  conceiviiigit  to  be  not  altagetber  unde- 
■erviog  of  the  attention  of  the  icientific  reader.  The  chief  utility  promiaed  by 
the  inveutiiHi,  ii  in  ita  application  to  merchant  renela,  ihipa  of  passage,  &c., 
•ndfor  fortitica^oni ;  but  for  ships  of  war  (as  it  could  be  adopted  by  both  par- 
ties), its  effect  would  become  neutralized,  though  it  seems  that  even  in  tliit 
mse  it  would  save  the  men  from  injury,  and  would  always  be  in  favour  of  the 
weak  and  defensive  side — its  nature  being  that  of  defending  itself,  and  returning 
the  blows,  but  without  any  power  of  attacking,  unless  furnished  with  guns 

Tbe  annexed  figure  gives  a  Iransverte  section  of  a  ship,  with  its  aides  con- 
strneted  with  oblique  and  curved  surfaces,  so  as  to  cause  the  balls  projected 


bi  wUch  tlia  pnjectile  moves,  and  that  of  the  surface  it  atrikei;  that  is  to  lay, 
According  to  the  well-known  law  of  the  angle  of  reflection  being  always  equal 
to  tbe  angle  of  incidence.  If,  therefore,  a  shot  strikes  the  upper  side  of  the 
beveled  part  o,  it  will  be  reflected  at  a  similar  angle,  and  be  tdtawn  over  the 
TnscI  1  and  if  it  strikes  the  lower  side  of  b  it  will  be  leffected  at  a  similar  anele, 
into  the  water,  as  shown  by  tbe  balls  and  the  direction  of  the  arrows:  but  if  a 
ball  itrikes  against  the  inclined  plane  of  the  triangular-formed  piece  projecting 
between  a  and  b,  it  will  rebound  at  nearly  equal  angles  from  side  to  side ;  then, 
taking  tbe  curve,  it  will  be  returned  to  tbe  point  from  whence  it  was  projected. 
Aa  ibe  force  of  the  balls  thus  returned  would  be  so  much  diminished  as  to  have 
fnbahly  little  effect  upon  the  enemy,  it  might  be  advisable  to  dispense  with  the 
•tirvcd  part,  and  make  tbe  whole  defence  consist  of  one  angular  projection,  ur»- 
■astuis  two  inclined  planes  only.  The  grain  of  the  wood  in  these  projections 
Aould  be  in  the  direction  of  the  motion  of  the  balls,  and  not  transvene ;  and 
a  coating  of  grease  on  the  external  surface  would  owssf  in  warding  aS  the  inju- 
(ioiu  effccti  of  the  ahoL 

Ur.  E.  Carey,  of  Bristol,  who  has  had  much  experience 
IkM  nwgesled  a  variety  of  improvement*,  recammends  tl 
fiHtenhig  a  ship's  i ' ' 
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the  Bubjoineii  figures.  Fig.  1  is  a  horizontal  section  of  a  portion  of  a  ship's  side 
and  beams  ;  A  A  shows  the  ship's  side;  B  B  the  timbers;  C  C  the  thickness  of 
the  outside  planking;  D  D  a  plank,  3^  inches  thick,  which  goes  all  round  the 
ship,  inside  the  timbers,  against  which  the  iron  knees  are  fixed,  and  bolted 


Fig,  2, 


through  the  side;  «  e  an  horizontal  clamp,  10  inches  wide  and  6  inches  thick  ; 
F  F  the  iron  knees,  4  inches  wide  and  2  inches  thick,  which  are  bolted  through 
the  beams  and  ship's  side,  as  at  G  G.  Fig,  2  is  a  section  of  the  same  parts  as 
Fig,  1.  H  is  the  plank  sheer;  I  the  water  way;  J  J  the  ends  of  the  planks; 
K  a  bolt  that  goes  through  the  ship's  side,  through  the  edge  of  the  water  way, 
and  six  streaks  of  the  deck  below  the  beam,  and  is  clenched  on  an  iron  plate 
on  the  inner  plank ;  L  the  arm  of  the  knee ;  M  the  ship's  timber  and  side ;  D 
is  an  edge-view  of  the  inner  plank,  as  shown  at  D,  Fig,  1.  These  iron  knees 
and  water  ways  are  let  down  upon  the  beam  3  inches,  and  also  six  of  the  deck 
planks,  and  bolted  through  also;  under  the  beam  a  plank,  3|  inches  thick,  is 
nrst  brought  on,  inside  the  ship,  against  which  the  ends  of  the  beam  are  fixed. 
The  horizontal  clamp,  10  inches  wide  and  6  inches  thick,  is  then  brought  on 
under  the  edge  of  the  plank,  and  bolted  through  the  side.  On  this  clamp  the 
beam  is  dovetailed  in,  one  inch  down,  and  bolted  through  the  end  of  the  beam. 
A  ship  fastened  in  this  way,  Mr.  Carey  says,  will  render  it  impossible  for  the 
flide  to  move ;  that  no  wet  can  possibly  get  down,  and  that  the  ship  wiU  thus 
be  kept  perfectly  dry  and  sound. 

It  has  been  considered  by  nautical  men,  that  the  repeated  success  of  the 
United  States  frigates  over  those  of  the  British,  during  the  recent  war,  was 
chiefly  owing  to  the  rapidity  with  which  the  former  shot  away  the  ngging  of  the 
British.  To  provide  a  better  mode  of  securing  the  shrouds  to  advantage,  of  saving 
the  expense  of  rolling-tackles,  besides  strengthening  the  yard  in  the  slings  and 
quarter,  Fig.  3,  a  and  6,  on  the  next  pace,  represent  two  square  iron  straps,  fitted 
on  the  mast  head,  one  above  the  other;  tney  have  three  hooks  on  each  side  of  them 
to  receive  the  tops  of  the  shrouds ;  those  above  are  placed  so  as  to  alternate 
with  those  below,  as  shown  in  Fig,  2,  in  order  to  give  room  for  the  eyes  of  the 
shrouds,  and  to  let  them  come  sufficiently  close ;  a  and  h  show  the  shrouds  fixed 
on  the  hooks  c  c.  The  masts  of  ships  subsequently  occupied  the  attention  of 
LieutGreen,  who  devised  a  plan  for  enectin^  the  above  object,  which  was  deemed 
worthv  of  an  honorary  medal  from  the  Society  of  Arts.  The  masts  of  ships,  it 
should  be  observed,  are  secured  in  two  directions ;  longitudinally,  by  means  of 
lonjg  ropes  called  stavs ;  and  in  a  transverse  direction,  by  means  of  other  ropes 
eftlled  ihroudsy  each  of  which  has  a  loop  in   the  middle,  which  is  pasted 
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cjver  ihe  h«t,d  of  the  malt.  Each  pair  of  shroudB  may  therefore  be  eon- 
■ddered  u  forming  the  aides  of  an  isosceles  triangle,  of  which  the  apex  is  tha 
mast  head;  and  being  in  pairs,  it  necessarily  follows,  that  if  one  it  shot  awaj, 
the  opposite  shroud  becomes  nearly  useless.  Lieut  Green  therefore  proposed 
\hat  the  shrouds  should  be  single,  and  that  each  should  be  terminated  at  top  in 
s  strong  iron  hook,  to  take  liald  in  an  eye  fixed  in  a  strap  or  plate  at  the  mast 
bead. 

Another  improvement  proposed  by  the  same  oflicer  is  in  the  method  of 
dinging  the  top -sail-yards,  by  fixing  to  the  yard,  where  it  comes  in  contact  with 
the  mast,  a  kind  of  clasp  or  cnilch,  similar  to  that  at  present  applied  to  the  main- 
booni ;  which,  by  half  embracing  the  mast,  serves  to  aleady  the  yard,  and  to 
prevent  those  violent  jerk  a,  by  which  in  blowine  weather  men  are  not  un  frequently 
thrown  from  the  vards  into  the  sea;ithaBthet[irtliertop-tail-yaTd,  having  chocks 
idUt  embrace  the  top-maat  half  round,  and  thereby  prevent  the  yard  swinging 


iadwaya.  ffff.  3  showi  a  bird's  eye  view  of  part  of  the  yard  e  e,  and  of  chock* 
d  d  embracing  the  mast  /Vr.  1,  e  e,  the  braces  of  the  top-sail-yoid ;  thev  are 
HxmI  >t/,  pass  through  the  blocks  at  ^  p  at  the  yurd'arma,  then  through  tho 
ypeka  A  k,  and  are  secured  at  i. 

tinder  the  head  Doci  hai  been  described  the  naual  mechanical  arrangementl 
and  process  for  building  and  repairing  Mpw.  In  tliis  place  we  tliall  ada  a  very 
tegmions  and  improved  method  nf  bringing  up  ships  upon  the  ways  for  the 
Meratioiii  of  the  ship  builder.     A  Committee  of  Inventions  appointed  in  the 
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year  1827»  by  the  Franklin  Institute  of  Philadelphia,  to  whom  the  gubjeet  wu 
referred,  drew  up  the  following    report  thereon,  which  seems  to  hate  been 
dictated  by  sound  judgment  and  impartiality.  **  The  Committe  of  Inventiom,  to 
whom  have   been   submitted  a  model,   drawings,    and   descriptions  of   the 
*  Radiatmg  Railways  for  the  repairing  of  Vessels,'  invented  by  Edward  Qsrk, 
of  New  York,  civil  engineer,  report,  tliat  they  have  carefully  examined  the 
proposed  improvement,  and  consider  the  plan  as  offering  great  facilities,  whcs 
it  is  desirable  to  have  several  vessels  under  repair  upon  the  ways  at  the  fame 
time.     Morton's  patent  slip,  which  is  in  use  in  Scotland,  is  of  sufficient  length 
to  contain  two  or  three  vessels ;  but  it  is  evident  that  whichever  was  the  last 
hauled  up,  must  be  the  first  launched ;  and  they  must,  therefore,  be  firequeotly 
repaired  in  haste,  without  being  allowed  that  time  to  dry,  which  is,  in  maoy 
cases,  a  point  of  great  importance.  To  obviate  this  difficulty  is  the  end  proposed 
in  the  plan  under  consideration.     It  does  not  appear,  from  any  thing  which  has 
been  presented  to  the  Committee,  that  Mr.  Clark  proposes  any  thing  novel  in 
the  construction  of  the  lower  part  of  the  railway,  or  of  the  carriage  upon  which 
the  vessel  is  to  be  drawn  up;  its   distinguishing   feature   beine  the  mesas 
provided  for  removing  vessels  out  of  the  direct  line  of  the  main  radway,  and  of 
depositing  them  upon  sub-wa3rs,  for  the  purpose  of  being  repaired.    To  sc- 
complish  this  purpose  the  upper  part  of  the  railway,  for  a  length  sufficient  to 
receive  a  vessel,  is  detached  from  the  lower  part,  and  is   made  capable  of 
revolving  upon  a  firm  horizontal  platform,  a  perpendicular  shaft  from  which 
passes  through  the  upper  end  of  the  detached  part  of  the  railway.     This  plat- 
form is  the  segment  of  a  circle,  but  it  may,  if  necessary',  present  a  complete 
circle.  At  the  periphery  of  this  segment,  the  fixed  part  of  the  railway  terroinatei, 
and  the  detached  revolving  commences  ;  this  is  supported  upon  the  platform  hj 
a  sufficient  number  of  strong  iron  rollers,  placed  transversely  on  the  lower  psrt 
of  the  framework  of  which  it  is  formed.    The  upright  shafi^  around  wliich  the 
detached  railway  is  capable  of  revolving,  is  also  the  shaft  of  the  windlass,  by 
which  the  vessels  are  to  be  drawn  up ;  this  detached  way  may  therefore  be  coo- 
sidered  as  a  radius  to  the  circle,  of  which  the  platform  is  a  segment     When  s 
ship  is  drawn  up  and  has  arrived  upon  the  movable  part  of  the  railway,  a  power 
may  be  anplied  to  carry  this  with  its  load  to  the  requisite  distance  round  the 
circular  platform,  until  it  arrives  at  a  sub-way,  several  of  which  are  erected 
round  the  platform,  forming  produced  radii  to  the  circle.     These  are  preciidj 
similar  to  the  main  railwav,  with  the  exception  of  their  not  being  continued  to 
the  water,  but  only  of  sucL  a  length  as  to  admit  of  the  carriage  with  its  losd 
being  lowered,  and  deposited  upon  them  until  the  intended  repairs  are  msde. 
In  the  drawing  which  accompanies  this  report  there  are  represented  six  sub-wsji, 
and  of  course  upon  such  a  structure  seven  vessels  might  be  placed  at  a  time. 
The  main  expense  attending  the  erection  of  marine  railways,  is  in  constnicoof 
that  part  which  is  under  water,  where  nearly  the  whole  of  the  labour  must  be 
performed  in  the  diving  bell.  In  the  mode  iproposed  by  Mr.  Clark,  one  msnoe 
railway  would  be  sufficient  in  those  parts  wnere  many  vessels  may  be  reqoiied 
to  be  hauled  up ;  a  considerable  number  of  sub-ways,  with  their  appurtenanoeii 
might  undoubtedly  be  provided  at  an  expense  far  below  that  which  would  aUend 
the  original  structure.     After  maturely  considering  the  subject,  the  Committee 
are  fully  convinced  of  the  practicability  of  the  plan,  and  also  of  its  economy,  is 
those  situations  where  more  than  a  single  railway  would  be  desirable.    Wbes 
once  constructed,  it  possesses  the  advantage  of  being  capable  of  extenstoe  b 
the   number   of  its  sub-ways,  whenever  it  may  be  required.**     4»^'yr»**^  n* 
engravings  from  the  drawings  referred  to.    Fig.  1  is  a  bird's  eye  view  ef  thi 
platform  and  railways.    A,  revolving  section  of  the  railway,  which  mn  it 
pleasure  be  made  to  coincide  and  connect  with  the  radiating  or  sob-ways  BB& 
or  with  the  msin  railway  C,  extending  into  the  water.     D  is  the  shaft  or  piMt 
upon  which  the  section  A  revolves,     /f^.  2  represents  the  revolviiig  seete 
with  its  centre,  as  in  Fig.  1,  together  with  the  circular  iron  railways  spv 
which  the  cast-iron  rollers  are  to  run.   Fig.  3  is  an  elevatioa  or  side  view  of  the 


revolving  and  permanent  railways,  supporting  a  ship's  carriage ;  A  beii^  1^ 
ruvolviug  scctiuu  ;  B  or  C,  section  of  Uie  main,  or  the  sub-railway ;  O  ahsft  in 
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to  Ihe  wtntDiH  the  p 


r  which  »  granat^d  at  the  lervn  4; 

h  (he  sretion  A  \a  made  to  rc*olve ; 
r  e  e  r,  nc,  arc  iniii  tuuera  coTinrcted  to  nnd  siipportinjj  th»  rerolvinj;  wction 
In  the  cirenUr  rtilways  ;  O.  nhip'i!  cBn-iage  resting  on  the  inclined  railway*  ■  H 
windlau  or  other  machinery  for  elevating  Teoeli ;  i,  chain  by  which  the  cHrriDn 
i*  drawn  tip;  t,  pall»  to  prerent  the  carriage  from  running  bach  ;  I,  friction- 
roHeit,  Sying  between  the  morable  and  fixed  ways,     f^,  4,  gt«and  riew  of  • 


TTTm 


_    ,  ^       i^.  5  trantrerM  view  on  a  larger  Kale  of  Hahip'i  carnage  on 

lb*  railway! ;  a  a  cuneiform  blockn,  movable  on  rollen,  in  appropriate  groove^ 
•sprcreiit  Uteral  motion :  b  t,  bilge  blocki  moiing  on  pjvcni,  and  retting  on 
MUeta  adapted  to  a  a  ,■  e  e,  ropei  by  which  t!ie  cuneiform  or  wedge  blocka  are 
dnnni  up,  and  the  bilge  blocki  forced  against,  and  adapted  to,  the  botloma  of 
twaeii. — FranUin  JemaL  For  a  variety  of  inrormatian  of  Ihe  conitiluent 
part*  of  ahipa,  with  their  recent  ameliorations,  aee  the  aeparate  beadi,  ai  Maiti, 
nnDDlaa,  Capitah,  WimiLAia,  Blockb,  Aifcnoat,  Fid*,  Boati,  &e.  fte. 

SHINGLES,  in  BnUbng,  imall  boaldi^  nearly  reaembling,  in,  ibape  and 
^M,  the  Mavea  of  a  eoramon  pail,  but  tapering  regularly  thinner  and  thinner 
from  the  broad  to  the  narrow  end.     They  were  formerly  usfd  inttead  of  ti)e«, 

a  we!!     ' 
ptiek,  bat  not  m  well  for  the  modem  loi 
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country  churches  are  covered  with  shingles.  The  method  of  covering  a  buHdiiig 
with  shingles  is  extremely  simple ;  at  equal  distances  from  the  thin  end  there 
are  inserted  two  stout  wooden  pegs,  projecting  on  the  inner  side  about  two 
inches :  by  these  pees  the  shingles  hang  on  pantile  laths  nailed  horizontally 
across  the  rafters,  and  at  such  d^tances,  as  to  allow  each  row  of  shingles  to  lap 
over  the  next  lower  row  by  about  half  the  length  of  a  shingle.  Sometimes, 
however,  the  roof  is  previously  covered  with  boards,  on  which  the  shingles  are 
nailed ;  but  this  method  has  the  disadvantage  of  being  far  too  expensive  for 
common  practice,  especially  in  a  country  like  ours,  where  oak  is  by  no  means 
plentiful,  and  what  we  have  is  wanted  for  purposes  of  greater  national  import- 
ance. 

SHOAD.  A  term  given  by  miners  to  stones  containing  ore  mixed  with  rub^ 
bish  in  a  loose  soil,  and  sometimes  near  the  surface.  When  deep,  the  miners 
consider  it  as  indicating  that  some  vein  is  at  no  great  distance. 

SHOAR.  A  prop  or  stanchion  fixed  for  support  against  a  wall,  or  other 
good  abutment ;  or  under  a  ship's  sides  or  bottoms,  to  support  her  when  laid 
aground,  or  on  the  stocks,  &c. 

SHORE.     An  artificial  drain.     See  Sewer. 

SHOT.  A  missive  weapon  discharged  by  the  force  of  ignited  powder  from 
a  fire>arm  in  warfare :  of  these  there  are  various  kinds,  as  round  shot,  or  bul- 
lets, a  ball  or  sphere  of  iron  whose  weight  is  in  proportion  to  the  bore  of  the 
cannon.  Double-headed,  or  bar-shot,  are  formed  of  a  bar  of  iron  with  a  ball 
at  each  end,  which  fits  the  muzzle  of  the  cannon.  The  middle  is  sometimes 
filled  with  composition,  and  the  whole  covered  with  linen  dipped  in  brimstone ; 
so  that  the  cannon,  in  firing,  it  is  said,  thus  inflames  the  combustibles  or  com- 
position, which  sets  fire  to  the  sails  of  the  enemy.  One  of  the  heads  of  this  ball 
has  a  hole  to  receive  a  fusee,  which,  communicating  with  the  charge  of  the 
cannon,  sets  fire  to  the  bullet 

Chain  shot  consist  of  two  balls  chained  together,  being  principally  designed 
to  annoy  the  enemy  by  cutting  her  sails,  rigging,  &c.  Grape  shot  is  a  combi- 
nation of  balls  strongly  corded  in  canvass  upon  an  iron  bottom,  so  as  to  form  a 
cylindrical  figiu*e,  whose  diameter  is  equal  to  that  of  a  ball  which  is  adapted 
to  the  cannon.  Case  shot,  or  cannister  shot,  are  composed  of  a  ?reat  number 
of  small  bullets,  put  into  a  cylindrical  tin  box.  They  are  principall}'  used  when 
very  near,  to  clear  the  decks  of  the  enemy.  Besides  these,  there  are  others  of 
a  more  pernicious  kind,  such  as  langrage  shot,  star  shot,  fire  arrows,  &c., 
employed  also  when  not  at  a  great  distance  from  the  enemy. 

Cannon  shot  that  are  cast  in  moulds,  usually  possess,  in  a  greater  or  leas 
degree,  the  three  following  defects : — first,  bein^  imperfect  in  their  spherical 
figures,  which  is  owing  to  the  expansion  and  alteration  of  form  made  in  the 
moulds,  from  frequently  heating  them  ;  second,  containing  air  cavities,  owing 
to  the  air  being  caught  in  the  moulds  when  the  fluid  metal  runs  in  too  quickly 
for  it  to  escape ;  third,  their  having  usually  an  indentation  where  the  metal  is 
poured  in.  To  obviate  these  defects,  Mr.  Boothby,  of  Chesterfield  Iron  Works, 
manufactures  his  cannon  balls  in  the  following  manner,  for  which  he  has  taken 
out  a  patent.  A  solid  ball  of  hard  wood  or  metal  is  turned  to  a  true  sphere 
(according  to  the  size  or  weight  of  shot  required),  and  then  cut  in  halves. 
These  halves  are  moulded  in  sand  boxes,  in  the  usual  manner  of  other  castings^ 
taking  care  that  the  sand  be  well  rammed ;  then  taken  out,  and  the  hollow 
moulds  thinly  coated  with  powdered  charcoal  mixed  with  water.  The  boxes 
containing  the  moulds  are  next  dried  in  the  stove,  preparatory  to  receiving  the 
fluid  metaL  The  shot  thus  cast  are  said  to  be  perfectly  sound  and  spherical, 
owing  to  the  air  escaping  through  the  sand,  and  the  mould  being  imaltered  in 
its  figure  by  heating. 

SHOVEL.  A  scooping-up  instrument,  for  taking  up  and  removing  a  quantity 
of  loose  sulMtances  together,  such  as  coals,  corn,  sand,  cinders,  money,  frc; 
their  construction  is  necessarily  very  varied,  to  adapt  them  to  their  particular 
objects. 

SHROUDS.  A  range  of  large  ropes,  extended  firom  the  mast  heads  to  tha 
right  and  left  sides  of  a  ship,  to  support  the  masts,  and  enable  them  to  cany 
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diroudi,  M  well  u  tlie  laila,  &c.,  are  denominated  Ironi  the  micU  to 
rbeloag;  thua  (here  are  the  maui,  fore,  and  miuen  sbroudl;  tba 
mkit,  Hire  top-masl,  and  miizen  top-mait  ihroudi;  and  tha  miun 
t,  fore  tup-gallaot,  and  mizien  top-gallant  ahroudi.  Ses  Shif. 
TLE.  The  inilmmenl  employed  in  weaving,  by  which  the  uroiung 
tait  it  miuDly  eflecled.     See  Weavino. 

lE.  An  instrument  of  almoat  univenal  uae  in  agricalture,  for  cutting 
).  Itu  limply  D  curved  blade  or  hook  of  ateel,  with  the  edge,  in  the 
r  the  curve,  acrrated,  lo  M  lo  make  a  cut  Uke  a  law.  The  lubjmned 
;,  which  repreaenU  the  native  ioBtrument  used  by  the  Siogaleie,  ihowa 
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icklea  employed  by  the  lemi-barbannii  nationa  of  the  Eut  differ  in 
al  reapect  from  tho«e  uaed  in  thia  country  (though  the;  are  generally 
red);  and  likewiae,  that  our  manufacturen  might  find  a  market  in 
id  neiglibouring  India  for  their  auperior  produetiona  of  thii  kind. 
L  An  inatrument  fgr  separating  the  smaller  particlea  of  tubatutcei 
grosser ;  they  are  made  of  various  forma  and  aizca,  to  mil  the  article 
■i.  In  its  must  uaital  form  it  consists  of  a  hoop,  from  2  to  6  inches  in 
ming  a  Bat  cylinder,  and  having  its  bottom  constituted  of  coarse  or 

canvasa,  mualin,  lawn,  net-work,  or  wire,  stretched  tightly  over, 

to  the  uae  intended. 

■  a  kind  of  sieve  in  extenaive  use  amongst  druggiata,  dryaallen,  and 
lers,  termed  a  drum-sieve,  owing  to  its  fonn,  and  is  uicd  for  sifting 

r>wden.  It  coiiaitts  of  three  parts  or  aections;  the  top  and  bottom 
which  are  covered  with  parchment  or  leather,  and  fit  over  and  under 
'  the  Uiual  form,  which  ia  placed  between  them.  Being  thus  closed 
perator  is  not  annoyed  by  the  clouds  of  powder 
nild  otherwiie  be  produced  by  the  agitation,  and 
rial  under  operation  ia  thua  saved  from  waite. 
IB  proceas  ia,  however,  extremely  slow  aud  labo- 
fa  obviate   Iheae  defects,  the  editor,   aome  yean 


Annexed  is  a  description.  F^.  I  represents  a 
ylinder,  the  exterior  of  which  is  formed  of  Sue 
■  lawn  i  two  wooden  sheaves  or  discs  D  D,  grooved 
edge*,  and  about  six  or  seven  inches  in  diameter, 

to  a  central  apindle,  the  extremities  of  which  turn 
ig*  made   on  the  opposite  edges  of  a  stout  box, 

shown  opened  in  fi/.  2  (on  the  following  page) ; 
ing  the  same  dimensiona  exactly  as  the  other  part, 
ley  may  both  lie  flat  and  equally  aupported  when 
le  extremity  of  the  axis  is  provided  with  a  cross 
,  by  which  the  cylinder  is  agitated  by  a  backward 
ora  «rnu-rolBtive  motion  ;   the  crou  alio  serving 

or  stand  for  the   cylinder,   as   shown   in  fig.  1, 

the  cylindrical  cage,  two  or  three  stout  rings  of 
■re  made  of  the  same  aixe  as  the  diics,  to  which 


to  end  of  the  cylinder,  where  tt 
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turned  round  the  hpads  of  icrews,  and  thui  retnmeJ  from  end  to  end  alter- 
nately,  until  the  cage  or  nkeleton  is  comi>letely  formed,  which  i*  now  rend)'  lo 
receive  the  required  covering  of  Uwn  or  muslin.  I1iii  is  of  conn?  prepmi'  t 
a  bag,  with  a  dose  longitiiitinal  aeam,  but  open  at  each  end,  and  nf  dimvimixnB 
exHctly  correapondine  w'th  those  of  the  cj'hnder,  v>  that  the  coveHng  may  be 
(treiched  out  amoothly,  in  drawing  it  o»er  the  cylinder.  The  nert  point  u  to 
bsten  it  down,  which  is  done  by  drawing  cord*  with  ilip  knots  over  the  end*, 
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In  luch  tnannet  that  the  eorda  enter  the  grooves  of  the  disct;  'thni,  by  tfiag 
down  the  two  outside  corda  lint,  and  the  inner  ones  atlerwarda,  it  i>  verj  eaiilj 
made  "  as  tisht  as  a  drum."  The  pulverised  matter  to  be  sifted  is  then  put  into 
the  cylinder  by  means  of  a  funnel  E,  which  is  aftenrards  removed,  and  the  hole 
■topped  by  a  bung  G.  The  cylinder  is  next  placed  in  the  box,  as  aeen  in 
I^.  2,  and  the  lid  being  shut  down,  the  handle  is  worked  by  the  semi-rotklive 
motion  before  noticed,  which  throws  continually  the  whole  contents  ot  the 
cylinder  over  its  entire  circumference,  and  separates  the  fine  powder  from  th* 
grosser  particles  wiih  a  rapidity  which  will  surprise  the  operator,  (he  effect  being 
so  much  more  considerable  than  by  the  usual  apparatus.  When  one  hatch  in 
the  cylinder  is  sifted,  the  gross  matter  is  emptied  out  by  withdrawing  the  bung; 
and  giving  the  cylinder  a  shake,  with  the  handle  upwards ;  the  cylinder  being 
charged  sgaiu,  the  silting  is  renewed  in  like  manner,  and  continued  as  long  as 
desired.  This  machine,  ai  well  as  the  mode  of  operating  by  it,  will  be  found 
highly  convenient  and  us^l. 

SILEX,  silica,  silicium,  or  silicioos  earth,  is  one  of  the  most  abundant  lab- 
stances  in  nature,  constituting  the  entire  masi  of  many  mountains,  and  probably 
of  a  la^e  portion  of  the  globe  itself.  It  is  the  chief  component  of  sand,  lan^ 
stone,  flint,  granite,  quartz,  porphynr,  rock-crystal,  agate,  and  many  precioui 
stones;  it  is  the  chief  substance  of  which  glass  is  made  ;  also  an  ingredient,  in  a 
pulverised  state,  in  the  manutacture  of  "stoneware,"  and  it  is  essential  in  the 
preparation  of  tenacious  mortar.  Silex,  when  pure,  is  a  fine  powder,  hard, 
msipid,  and  inodorous ;  rough  to  the  touch,  scratches  and  wean  away  glaja.  It 
does  not  form  an  adhesive  mass  with  water,  but  falls  to  the  bottom,  leaving  Ilia 
water  dear;  however,  if  the  lilez  be  very  minutely  powdered,  a  small  portion  of 
it  will  be  diiaolved  by  the  water.  Silex  may  be  obtained  in  a  pure  ilate  by 
igniting  powdered  quartz  with  three  parts  of  pure  potash  in  a  silver  crucible,  and 
adding  to  the  solution  a  quantity  of  add  lullicient  to  saturate  the  alkali;  then  by 
evaporating  to  dryness,  there  will  remain  a  grilty  powder,  which,  when  wasbM 
with  water,  will  be  pure  ailex. 

SI  LK._  A  very  soft,  fine,  bright  thread,  the  production  of  different  apeciM 
of  caUr^Um ;  but  the  bombyx  moti,  or  silk-worm,  ia  chiefly  cultivated  Km'  tUi 
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pixnxMe ;  it  is  a  native  of  China,  and  the  culture  of  ailk,  in  ancient  times,  was 
entirely  confined  to  that  country,  where,  we  are  told,  that  the  empresses,  sur- 
ruanded  by  their  women,  employed  their  leisure  hours  in  the  rearing  of  silk,  and 
in  the  weaving  of  silk  tissues  and  veils.  From  China  this  valuable  commodity  was 
first  conveyed  into  Persia;  after  tlie  conquest  of  that  empire  by  Alexander  the 
Great  it  was  brought  into  Greece ;  from  thence  it  was  carried  to  Rome,  where, 
OS  we  are  informed  by  several  historians,  it  was  deemed  of  such  value,  as  to  be 
commonly  sold  for  its  weight  in  gold.  For  several  centuries,  the  Persians  sup- 
plied the  Roman  empire  with  the  silk  which  was  brought  over-land  from  China, 
by  means  of  caravans  traversing  the  vast  continent  of  Asia  in  243  days.  Not- 
withstanding an  immense  trade  in  silk,  which  was  for  a  series  of  ages  carried 
on  between  the  Roman  and  Persian  empires,  the  knowledge  of  the  silk-tcorm, 
or  the  manner  in  which  silk  was  produced,  remained  an  important  secret  with 
the  eastern  nations,  and  was  entirely  unknown  in  Europe  until  the  reign  of 
Justinian.  At  this  time,  two  Persian  monks,  who  were  employed  as  missionaries 
iu  some  of  the  Christian  churches  in  India,  penetrated  into  the  country  of  the 
Seres,  or  China,  where  they  observed  the  labours  of  the  silk-worm,  and  became 
acquainted  with  the  art  of  working  its  productions  into  a  variety  of  elegant 
fabrics.  Having  returned  to  Constantinople,  they  explained  to  the  emperor  the 
important  discoveries  they  had  made.  Encouraged  by  his  liberal  promises,  tliey 
undertook  to  procure  a  sufficient  number  of  these  wonderful  insects,  to  establish 
4he  manufacture  in  his  capital ;  which  they  accomplished  by  conveying  a  quan- 
tity of  the  eggs  in  the  hollow  of  a  cane.  Vast  numbers  of  silk-worms  were  soon 
after  reared  in  different  parts  of  Greece,  and  the  raw  silk  obtained  was  wrought 
into  manufactures  at  Athens,  Thebes,  Corinth,  and  other  places;  and  the  breed- 
ing of  the  silk-worms  was  rapidly  extended  to  Italy  and  Sicily,  with  equal 
success.  Extensive  manufactures  were  established  in  many  of  the  towns  of 
these  kingdoms,  with  the  silk  of  their  own  production ;  and  the  demand  for  the 
eastern  silk  diminishing  in  consequence,  produced  a  great  change  in  the  com- 
mercial intercourse  between  India  and  Europe. 

The  natural  hbtory  of  the  silk-worm  forms  a  subject  highly  interesting  and 
curious ;  but  the  extraordinary  changes  which  the  animal  niidereoes,  as  well  as 
its  manner  of  spinning  its  ball  or  cocoon,  having  probably  fulen  under  the 
actual  observation  of  most  of  our  readers,  we  shall  pass  over  this  part  of  our 
subject,  and  proceed  to  tlie  business  of  winding,  throwing,  and  weaving. 

Id  those  countries  where  silk  forms  an  important  article  of  commerce,  the 
cultivators,  or  those  who  rear  the  insects,  do  not  wind  off  the  silk  themselves, 
but  sell  them  to  others,  who  make  the  operation  of  reeling  a  distinct  business. 
The  single  filament,  or  thread  of  silk,  as  produced  by  the  worm,  is  of  such 
estreme  tenuity  as  to  be  totally  unfit  for  the  purposes  of  the  manufacturer. 
Thrrcibre,  in  winding  it  off,  several  of  the  cocoons  are  immersed  in  warm  water, 
to  soften  the  gum  with  which  the  silk  is  naturally  connected ;  their  several  ends 
afe  then  joined  and  reeled  off  together ;  and,  by  the  adhesiveness  of  the  gum, 
are  thus  formed  into  one  smooth  even  thread.  When  the  thread  of  any  cocoon 
breaks,  or  comes  to  an  end,  its  place  is  supplied  by  a  new  one,  which  is  simply 
laid  on  tlie  main  thread,  to  which  it  adheres  by  its  gum ;  and,  owing  to  its 
csLtreme  fineness,  it  does  not  occasion  the  least  perceptible  unevenness  in  the 
place  where  it  is  united.  In  this  manner  of  joining  the  separate  filaments,  a 
ihiead  may  be  made  of  any  length. 

The  apparatus  fur  reehng  consists  merely  of  an  open  kettle  of  water,  under 
vluch  is  a  fire  to  keep  it  warm  ;  and  the  reel  is  of  the  common  construction. 
Bowever  simule  the  operation,  great  care  and  attention  are  necessary  in  reeling, 
i»  preserve  ui«  thread  of  an  equal  thickness,  and  of  a  round  form,  and  that 
tbe  eeveral  rounds  upon  the  reel  should  not  get  glued  together.  When  the 
is  quite  dry,  it  is  taken  off  the  reel,  and  being  made  up  into  hanks,  it 
the  article  called,  in  commerce,  raw  silk,  of  wnich  such  vast  quantities 
annually  imported  into  this  country  from  Bengal,  China,  Italy,  and 
Turkey. 

In  preparing  raw  silk  for  dying,  the  thread  is  slightly  twisted,  in  order  to 
tuable  it  to  bear  the  action  of  the  hot  liquor  without  the  fibres  separating  or 
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fbrring  up.  Tlie  silk  yam  employed  by  the  weavers  for  the  woof  or  weft  of  Un 
Btulfs  which  they  fabricate,  is  composed  of  two  or  more  threads  of  the  raw  silk 
slightly  twisted  by  the  aid  of  machinery;  and  the  thread  employed  by  the 
stocking  weaver  is  of  the  same  kind,  but  composed  of  a  number  of  threads 
corresponding  with  the  strength  or  quality  of  the  work  he  is  executing. 

The  first  operation  it  undergoes  is  winding ;  that  is,  drawing  it  on  from  the 
skeins  in  which  it  is  imported,  and  winding  it  upon  wooden  bobbini,  from 
whence  it  is  taken  off  for  subsequent  operations.  In  the  ordinary  method  of 
winding  off  silk,  the  reel  or  swift,  upon  which  the  skein  is  placed,  is  made  to 
revolve  by  the  pulling  of  the  thread,  as  it  is  drawn  off  and  wound  upon  the 
bobbin.  The  great  delicacy  of  the  filaments  of  silk  ofVen,  however,  render  thb 
operation  difficult,  owing  to  the  breaking  of  the  threads ;  in  the  winding  of 
Turkish  silk,  in  particular,  the  process  is,  from  the  circumstance  just  mentioned, 
extremely  tedious,  as  the  thread  breaks  at  almost  every  turn  of  the  reel ;  this  it 
owing  to  the  great  size  of  the  Turkish  skeins,  which  frequently  exceed  twenty- 
four  feet  in  circumference ;  thus  requiring  a  reel  of  equal  dimensions,  that  haa 
to  be  turned  round  by  a  single  thread ;  and  this  thread,  being  of  an  uneven 
thickness,  frequently  gets  entangled  in  the  skein,  and  unavoidably  breaks.  To 
obviate  so  great  an  inconvenience  and  detriment  to  the  material  (by  an 
infinity  of  knots  in  the  thread,)  the  attention  of  Mr.  H.  R.  Fanshaw  was 
directed,  and  by  means  the  most  simple  and  ingenious,  he  accomplished  his 
object  in  the  most  happy  and  perfect  manner ;  this  invention,  for  which  he  took 
out  a  patent  in  1827,  we  shall  here  describe. 

Instead  of  the  reel  being  turned  round  by  the  filament,  it  remains  stationary, 
but  is  suspended  loosely  upon  its  axis ;  a  light  arm  or  flyer  is  then  made  to 
revolve  around  the  external  circumference  of  the  reel,  which  lifts  out  the  thread 
from  the  skein  more  smoothly  and  delicately  than  it  could  be  performed  by  the 
finger,  conducts  it  to  the  centre  of  motion,  and  fi'om  thence  to  the  bobbin  on 
which  it  is  wound.  By  this  contrivance  the  thread  requires  but  little  more 
strength  than  is  sufficient  to  sustain  itself,  instead  of  having  to  drag  round  a 
great  machine ;  and  it  follows  that  a  much  finer  thread  may  be  wound  off  by 
such  apparatus  than  by  those  of  the  common  construction.  Our  limits  do  not 
at  present  permit  us  to  give  all  the  details  of  this  machinery ;  we  shall  therefore 
confine  ourselves  chiefly  to  explaining  the  principal  or  most  important  parts,  aa 
represented  by  the  annexed  diagram.  Fi^.  1  gives  a  side  elevation,  and  F^,  2 
a  front  elevation  of  a  portion  of  Fig,  1 ;  the  same  letters  in  each  referring  to 
similar  parts,  a  b  is  a  frame,  containing  a  swift,  &c.  of  which  there  may  be 
conceived  to  be  a  hundred  or  more  in  a  row,  one  behind  the  other,  as  view^  in 
Fig.  1,  all  turned  by  the  same  shaft;  the  diameter  of  the  swift  may  be 
considered  as  eight  feet  for  Turkey  silk,  but  the  arms  c  c  are  made  to  elongate 
or  shorten  by  the  slides  shown  in  the  middle,  so  that  the  swift  maybe  expanded 
or  contracted  at  pleasure  to  suit  the  size  of  the  skein  ;  each  of  these  radiating 
arms  is  fixed  into  a  central  block  or  nave  d;  through  this  nave  a  spindle  paaaes, 
on  which  the  swift  loosely  rests,  as  best  seen  in  Fig.  2 ;  e  is  a  pulley,  which 
revolves  on  the  same  spincue,  and  receives  its  motion  by  an  endless  bsmd  from 
another  pulley  at  o.  To  the  pulley  e  is  affixed  the  revolving  arm  /,  which  is 
fumishea  at  its  extremity  with  a  bent  wire,  coiled  up  into  two  spiral  eyes ; 
through  that  at  g  the  filament  of  silk  i  i  passes  as  it  is  lifted  bv  it  out  of  the 
skein  h  ;  from  g  it  passes  through  the  eye  i ;  from  hence  it  is  fu^wn  through 
another  eye  »,  to  the  central  eye  A*,  {Fig.  2,)  and  through  the  last-mentioned  on 
to  a  bobbin  fixed  on  the  same  shaft  as  the  pulley  o.  The  situation  of  the  eye  k 
opposite  the  centre  of  the  axis  of  the  swift,  it  will  be  observed,  is  indispensable 
to  the  winding  off  the  thread ;  it  is  fixed  to  the  end  of  a  movable  rod  which 
has  a  joint  at  I,  that  permits  it  at  pleasure  to  be  drawn  forward  beyond  the 
range  of  the  swift,  for  the  girl  in  attendance  to  repair  the  thread  riiould  it  be 
broken.  The  latter  circumstance,  however,  rarely  occurs,  by  these  improved 
arrangements,  and  the  trembling  motion  of  the  bent  wire  at  the  extremity  oi 
the  revolving  flyer  greatly  assists  in  relieving  the  silk  from  entanglement. 

The  revolving  flyer  is  the  principal  feature  in  Mr.  Fanshaw *s  machine,  and 
is  in  itself  a  very  beautiful  and  no  less  useful  invention ;  there  are  many  subor- 


siLKa  au 

ita  mnbivuMM  of  greM  ingtnui^,  whicb  wt  hkva  l«ft  out  of  the  diagmn 


,    ha  next  opera 
f,  which  nay  be  performed  ■eparatelj',  or  at  tfie  utne  time.     The  art  of 
pwing  lilk  waa  fint  introduced  into   thii  counlrj  in   1719,  hv  Hr.  John 
nhe,  who,  with  coaiiderable  ingcEDi^,  and  at  the  riik  of  hii  life,  moceeded 
taMng  «  plan  of  a  throwing  machine  in   Sardinia,  and,  on   hu  return, 


Abhed  a  mill  at  Derby  for  conducting  that  (deration,  which  had,  ^lor  to 
raboredate,  been  kept  a  profound  wcrel  bv  (he  foreign  manufacturers  From 
I  great  expenie  incurred  tn  catabliabtng  the  milli  at  Derby,  application 


At  to  Parliament  to  extend  the  term  of  the  patent  granted  to  Mr.  Lombe, 
:  the  Legislature  wiaely  granted  him  the  turn  of  14,000J.,inlieu  of  theeiten- 
B  flf  the  patent  right,  and  upon  condition  that  he  deposited  in  the  Tower  ot 
ndoB  ft  complete  working  model  of  the  machine,  where  it  now  remains. 
ie«  Ibat  period  many  improveinents  have  been  lucceniveiy  made,  but  amongst 
<  Mnplele  and  efficient,  we  are  informed,  are  those  introdueed  by  Mr.  Fan- 
tw,  and  patented  by  him  a  short  time  prior  to  the  winding  machinery  already 
wribad.  To  avoid  thatconfusion  whicn  would  be  created  by  the  represent»- 
n  of  the  vast  multiplication  of  puUeyi,  wheelsj  bobbin*,  flysn.  Bee.,  which  » 
wing-miU  embraces,  we  shall  conmis  our  description  to  the  acting  parti  of 
■ngla  operation,  leaving  the  reader  to  imagine  an  extensive  Mries  of  them. 
•  cngraTings  on  the  following  page  are  explanalory  of  these  imnroved 
mgemeni*.  J^.  1  is  an  end  view  of  the  throwing  machine ;  A  A  is  uie  top 
dM  frame ;  B  the  bobbin ;  C  the  top  spindle ;  D  the  board  which  supporta 
>  apindle ;  E  the  pulley  wluch  gives  motion  to  the  set  of  spindles ;  F  is  die 
rr  to  the  top  spindle ;  G  the  lever,  which  throws  the  pulley  in  and  out  of 


gen;  H  the  lever  pin  or  centre,  in  which  it  votfci;  I  the  flyer  of  the  botlHi 
■pindles  J ;  K  ii  a  fluted  roller,  which  propeli  the  drawing  roller  L,  ukd  |ifH 
out  the  thread  to  belhrown  by  ihe  npindle  C.  The  lilk,  nfter  being  wonndai 
the  bobbina  P,  is  misled  by  the  revolving  ipindles  J,  which  are  dnveu  by  ik 
band  M)  the  threads  gg  pasa  aeparately  through  the  e;e«  v,  and  are  imiEtdu 
1,  go  over  the  glsM  rod  u,  round  the  roller  L,  Uirough  the  eye  A,  and  m«  tbn 


received  upon  Ihe  bnbbb  B,  the  twlit  being  eff^ett  hr  Ihe  reroMC 
which  ii  driven  by  the  band  F.    Ug.  2  it  ,  bird'^eyo  rie»  rf  the  r 
■ame  letters  referring  to  eimilar  parta;  R  ia  a  beveled  tootb-whev~! 
in  /7y.l)  which  drivea  the  ihaftQ,  and  give*  motion  to  tliendlcn' 
other  end  by  the  bevel  gear  N,  which  u  connected  by  •  rt>d  to  A^ 
tbat  dnwi  the  bobbin  backward  and  forward,  to  >pre^  tht  thicad  ^ 
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its  surfi^e.  Fi^.  3  is  a  front  view  of  the  machine  for  making  three-thread  organ- 
zine  or  sewings,  the  parts  having  been  already  described  above,  except  the  bobbins 
o  o,  which  are  shown  in  dotted  lines,  and  are  to  be  used  in  case  tram  is  required 
to  be  made,  instead  of  organzine.  T  is  a  catch  to  retain  the  lever  G  {Fig.  1) 
in  its  place  when  the  bobbins  are  thrown  in  or  out  of  gear.  Fig.  5  represents 
the  end  of  the  bobbin  b,  which  is  kept  in  its  place  by  the  small  lever  w,  which 
lever  is  fastened  on  to  the  motion  board  s.  Fig.  6  is  a  sectional  view  of  Fig.  6. 
Fig.  7  is  the  spindle  J,  as  seen  in  Figs.  1  and  3,  1  being  a  fixed  flyer.  Fig.  8  is 
a  view  of  the  opposite  side  of  the  pulley  E,  to  that  shown  in  Fig.  1.  Fig.  9  is 
an  edge  view  ot  the  pulley  £  and  lever  G,  as  described  in  Fig.  1 . 

The  advantages  of  this  machine  are  said  to  be,  Ist,  The  throwing  of  organzine 
by  one  process,  instead  of  the  three  separate  processes,  as  at  present  practised ; 
the  spinning  by  one  machine,  doubling  the  threads  by  another,  and  throwing 
by  a  third.  2dly.  In  the  very  great  increase  of  speed  which  can  be  obtained. 
3dly.  In  the  easy  manner  in  which  the  machine  can  be  altered  to  singles,  tram, 
organzine,  sewings,  or  any  other  description  of  silk.  4thly.  In  the  saving  of 
labour,  from  the  great  quantity  of  spmdles  that  can  be  attended  to  by  one 
hand.  5thly.  In  the  little  experience  required  to  enable  "  a  hand  "  to  attend 
the  work,  thereby  obviating  the  greatest  expense  in  throwing  **  mill  hands." 

The  construction  of  machiuery  of  the  kind,  or  rather  for  the  purposes  we 
have  been  describing,  vary  considerably ;  but  the  following  qualifications  are 
essentially  requisite  in  effecting  the  operation  : — The  silk  must  be  made  to  pass 
off  easily,  and  without  entangling  from  the  delivery  bobbins ;  a  slight  and  equal 
degree  of  tension  must  be  applied  to  each  of  the  component  threads,  that  the 
compound  thread  may  be  made  smooth  and  even ;  and  next,  which  is  very 
important,  tliat  the  receiving  bobbin  shall  instantly  cease  to  revolve,  if  any  one 
of  the  component  threads  should  happen  to  break,  which  often  occurs ;  for 
without  such  a  contrivance  the  thread  produced  would  be  very  imperfect,  and 
of  a  variable  thickness.  These  necessary  qualificatious  were  combined  in  an 
eminent  dei^ree  by  the  improvements  introduced  into  the  tramming  engine  by 
Mr.  W.  V.  Shenton,  of  Winchester,  a  model  of  which  that  gentleman  presented 
to  the  Society  of  Arts  in  1823,  for  which,  and  a  description  thereof,  the  Society 
awarded  him  their  silver  Vulcan  medal. 

In  the  annexed  cut.  Fig.  1  exhibits  a  bird's-eye  view  of  a  portion  of  the 
machinery,  which  may  be  continued  to  any  extent :  a  a  are  the  axes  which  give 
motion  to  the  receiving  bobbins//,  by  means  of  the  wooden  rollers  dd;  these 
are  made  of  any  required  length  to  suit  a  continued  series  of  succeeding  bob- 
bins, with  a  roller  under  each :  the  wooden  axis  which  carries  the  receiving 
bobbin  has  a  leaden  roller  e  fixed  in  it,  which  receives  motion  by  mere  contact, 
on  account  of  its  weight  Two  pins  are  fixed  on  the  leaden  roller  to  form  a  stop 
to  its  revolution  by  means  of  the  catch  ft,  when  a  thread  happens  to  break ;  as 
the  receiving  bobbin  revolves,  it  draws  the  threads  from  two,  three,  or  four  bob- 
bins gggg,  as  previously  determined;  and  in  order  to  lessen  the  friction  of 
these  bobbins,  which  ^re  fitted  on  wooden  pins  uuUf  the  pins  are  perforated, 
and  ride  upon  a  wirev,  and  the  bottoms  of  these  pins,  as  well  as  the  loops  which 
hold  the  wires,  are  rounded,  leaving  just  friction  enough  to  keep  the  threads 
extended :  they  are  shown  separate  m  /%f.  2.  Now,  should  any  one  of  these 
threads  break,  it  is  requisite  that  the  receiving  bobbin  should  immediately  stop ; 
for  this  purpose  a  crank  wire  mt  with  a  catch  n,  and  a  fixed  crank  o,  is  placed 
near  each  roller  ;  over  this  fixed  crank  o  are  placed  four  light  drop- wires,  k  k, 
which  swing  freely,  and  have  eyes  to  hang  on  tlie  threads,  which  are  their  only 
support ;  now,  should  either  of  the  threads  break,  tlie  drop  wire  k,  which  hung 
on  It,  would  fall  in  the  crank  o,  and  cause  the  wire  m  to  revolve,  and  bring  the 
catch  n  forwards  from  its  position,  which  woidd  lay  hold  of  the  pin  of  the  leaden 
roller  e,  and  stop  it  immediately ;  then,  as  soon  as  the  thread  is  mended,  the 
thumb  is  laid  on  the  tails  w  of  the  drop  wires,  to  bring  up  the  fallen  one ;  the 
thread  is  then  put  in  the  eye,  and  the  catch  is  withdrawn  by  turning  back  the 
end  m  of  the  crank  wire,  and  the  work  goes  on  again.  There  are  two  spare 
notches,  x  x,  to  every  bobbin,  to  lay  them  in  whQe  ioining  the  thread,  that  it 
may  be  out  of  gear,  and  move  freely  till  set  right  by  hand.    The  silk  threads, 


ou  leaving  the  bobbin*  gggg,  M«  fnAj  ower  arianrod  i,  and  thn^tb 
ey«i  of  ihe  drop  nires,  and  are  then  feathered  together  in  paanng  throii^  At 
eye  of  the  guide  wire  b.  In  order  to  diitribute  equally  oTcr  the  bofatamtk 
Bilk  threads  thus  gathered  together,  on  alternating  matioD  bgiveti  totbeilidiif 
bar  ce,  which  CHiriea  the  guide  virei  J  by  mealu  of  a  pin  r,  working  in  a 
oblique  or  spiral  groove  in  the  block  b,  on  the  axis  a,  and  Ihe  obliqui^  of  iki 
groore  correspond!  with  the  len^h  the  *ilk  ii  to  be  distributed  on  the  W- 
bins,  cauting  the  sliding  bar  to  reciprocate  that  length  every  turn  of  ibe  wMta 


:^:il'ii^p. 


roller,  «r  every  (bur  turns  «f  the  bobbin ;  the  bobbin  rollers  bchig  imii  fat  I 
thesiie  of  the  wooden  rollers  dd.  The  bars  hhk,  which  anMort  theHiatj^  I 
bobbins,  are  so  placed  ai  to  make  the  bobbins  stand  at  lisnt  angle* &ii  1 
thread,  when  it  paue)  from  their  middle  to  the  glass  rod.  It  is  beat  la  m1*  | 
^le  four  eye*  of  the  drop  wires  lie  parallel  to  the  glass  rod,  which  i  siiMl  rtA  I 
vibration*  on  the  threads  to  be  more  equal  77  are  two  sliding  wirei:  it*ai*  { 
seen  that  where^fonr  threads  are  tramming,  the  sliding  wire  s  i*  drawn  M:   I 
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mt  where  three  threads  are  tramminffi  it  is  pushed  in  to  support  the  drop  wire 
mt  of  use,  and  prevent  it  acting  on  we  cranK  wire.     See  Weavtmg. 

SILVER,  is  the  whitest  of  metals,  and  next  to  gold  the  most  malleable  and 
luetOe.  Under  the  hammer,  the  continuity  of  its  parts  is  not  destroyed  until 
ts  leaves  are  not  more  than  the  one  hundred  and  sixty  thousandth  part  of  an 
Qch  thick ;  in  this  state  it  does  not  transmit  light  Its  specific  gravity  is  10.474. 
!t  continues  melted  at  28o  of  Wedgewood,  but  a  greater  heat  is  requisite 
o  bring  it  into  fusion.  Its  tenacity  is  such,  that  a  wire  of  one-tenth  of  an  inch 
a  diameter  vrill  sustain  a  weight  of  270lb8.  without  breaking.  Silver  has 
leither  smell  nor  taste ;  these  properties,  together  with  its  brilliant  whiteness, 
tardness,  and  tenacity,  eminently  adapt  it  to  the  uses  of  the  table ;  and  when 
0  these  qualities  is  added  its  intrinsic  value,  its  advantages  as  coin  become 
ibvious.  Silver  is  not  sensibly  altered  by  the  contact  of  air,  unless  containing 
ulphurous  vapours :  it  may  be  volatilized  by  an  intense  heat,  and  Lavoisier 
•zidised  it  by  the  blow-pipe  and  oxygen  gas.<  By  exposing  silver  twenty  times 
uccessively  to  the  heat  of  a  porcdain  furnace,  Macquer  is  said  to  have 
diverted  it  into  a  green-coloured  glass.  Although  silver  is  found  in  almost  all 
oantries  that  contain  mines,  the  greatest  quantities  are  obtained  from  the 
dines  of  Mexico  and  Peru.  The  celebrated  mine  of  Potosi,  situated  near  the 
ource  of  the  Rio  de  la  Plata,  is  one  of  the  most  considerable  mountains  of 
^eru,  and  this  mountain  is  described  by  travellers  as  filled  with  veins  of  silver 
ram  the  top  to  the  bottom.  Silver  is  often  found  native,  in  ramifications, 
ionsisting  of  octahedrons  inserted  into  each  other ;  also  in  small  intertwined 
ihreads,  and  in  masses ;  but  it  is  most  commonly  found  in  combination  with 
mlnhur.  Silver  forms  alloys  with  most  of  the  metals.  Copper  is  the  metal 
witii  which  it  is  alloyed  for  the  purpose  of  coinage.  The  British  coinage 
contains  1 1  ounces  2  dwts  of  fine  silver  in  the  pound  troy ;  the  copper  stiffens 
the  silver,  increases  its  elasticity,  but  renders  it  less  ductile.  The  alloy  of  silver 
and  zinc  is  granulated  on  its  surface  and  very  brittle.  Tin  also,  in  the  smallest 
quantities,  deprives  silver  of  its  malleability.  Alloyed  with  lead,  silver  ceases  to 
he  sonorous  and  elastic.  Fine  filings  of  silver,  triturated  with  merciury  in  a 
wsnn  mortar,  form  an  amalgam,  which  by  fusion  and  slow  cooling  afibrds  tetra- 
iiedral  prismatic  crystals,  terminated  by  pyramids  of  the  same  form.  The 
nercury  cannot  be  separated  from  the  silver,  except  by  a  much  stronger  heat 
ban  would  be  required  to  volatilize  it  alone. 

^Sulphuric  acid,  if  concentrated  and  boiling,  will  dissolve  silver  in  a  state  of 
lintite  division.  The  nitric  acid,  a  little  diluted,  has  a  powerful  action  upon 
fv-er,  of  which  it  will  dissolve  half  its  weight  The  solution  is  at  first  blue  ; 
iis  colour  disappears  when  the  silver  is  pure,  but  becomes  green  if  it  contains 
'Pper.  If  the  silver  contains  gold,  this  metal  separates  in  blackish-coloured 
i^Vs.  The  solution  is  extremely  corrosive,  and  destructive  to  animal  sub- 
J^ces.  When  the  acid  is  fully  saturated,  it  deposits  crystals  as  it  cools,  and 
«o  by  evaporation.  These  crystals  are  called  lunar  nitre,  or  nitrate  of  silver. 
^  fusion,  for  which  a  gentle  heat  is  sufiScient,  their  water  of  crystallization  is 
^▼en  ofi^  and  also  a  part  of  the  acid,  by  which  they  become  a  subnitrate ; 
^^  forms  the  lapis  infemaliSf  or  lunar  caustic  of  the  surgeons ;  it  is  of  a  black 
5<i9oar,  and  usually  cast  in  the  form  of  small  sticks.  A  heat  but  little  above  what 
^  necessary  for  f\ising  the  nitrate,  separates  the  whole  of  the  acid,  and  the 
^er  is  revived.     Lunar  caustic  should  be  made  of  silver  entirely  free  from 

2)per,  as  the  copper  is  poisonous  to  wounds.  The  cauticity  of  this  and  all 
er  mineral  solutions,  is  attributed  to  the  strong  propensity  of  the  metal  to 
iMume  the  metallic  state;  in  consequence  of  which,  it  readily  parts  with  its 
kzygen  to  substances  it  is  in  contact  with,  and  therefore  such  substances  as  are 
apable  of  receiving  the  oxygen,  virtually  undergo  combustion.  A  solution 
f  nitrate  of  silver  in  water  is  perfectly  free  from  coloiur ;  but  it  stains  the  skin, 
pd  all  animal  and  vegetable  substances,  an  indelible  black.  It  is  employed  in 
freak  state  to  dye  the  human  hair,  and  when  mixed  with  a  little  gum-water, 
fggu  a  permanent  ink  for  marking  linen.  It  is  also  employed  for  staining 
trhles  and  other  stones.  Nitrate  of  silver  is  a  most  powerful  antiseptic ;  a 
OOOth  part  of  it,  dissolved  in  water,  will  render  the  water  incapable  of  putrefiic- 
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Hon,  and  it  may  be  separated  at  any  time  by  adding  tome  commoD  tak.    SflTer  is 

precipitated  from  its  solution  in  nitric  acid  by  muriatic  acid,  in  the  form  of  a  wbite 
curd,  which,  when  fused,  forms  a  semi-transparent,  and  rather  fleziUe  raaas,  re- 
sembling horn ;  it  was  therefore  anciently  called  luna  corma^  or  hcfm  nlver,  and  it 
supposed  to  have  given  rise  to  some  of  the  accounts  we  have  of  flexible  glasa ;  it  is 
a  muriate  of  sUver,  soon  blackens  in  the  air,  and  is  scarcely  soluble  in  water.  The 
muriatic  acid  does  not  dissolve  sUver,  but  has  a  strong  affinity  for  its  oxide ;  and  aa 
the  muriate  of  silver  is  not  very  soluble  in  water,  the  nitrate  of  silver  is  employed 
as  a  re-agent,  to  discover  the  presence  of  muriatic  acid  in  any  liquid ;  for  if  it 
contain  that  acid,  muriate  of  silver  will  fall  down  in  a  cloud,  on  dropping  nitrate 
of  silver  into  it.  The  nitric  acid  sold  in  the  shops  generally  contains  muriatic 
or  sulphuric  acid,  or  both ;  hence  the  nitrate  of  silver  is  employed  to  free  the 
nitric  acid  from  the  two  latter  acids.  For  this  purpose,  nitrate  of  silver  b 
poured  into  it  by  degrees,  until  no  more  precipitate  is  produced ;  after  which 
It  is  rendered  clear  by  filtering.  Nitric  acid,  thus  purified,  is  called  by  artists 
precipitated  aqua-fortia ;  but  it  still  contains  some  silver,  from  which  it  cannot 
be  freed,  except  by  distillation.  When  mercury  is  added  to  the  nitric  solution 
of  silver,  a  precipitation  of  the  silver  is  formed,  which,  from  its  resemblance  to 
vegetation,  is  called  arbor  Diarug,  or  tree  of  Diana,  A  few  drops  of  nitrate  of 
silver,  laid  upon  glass,  with  a  copper  wire  in  it,  afford  another  beautiful  preci- 
pitation of  tne  silver,  in  the  form  of  a  plant.  Silver  supplies  a  fulminating 
powder,  incomparably  more  energetic  than  any  other ;  the  nitric  solution  of 
nne  silver  is  precipitated  by  lime-water ;  the  water  is  decanted,  and  the  oxide 
is  exposed  for  two  or  three  days  to  light  and  air.  This  dried  oxide,  being  mixed 
with  ammonia,  or  volatile  alkali,  assumes  the  form  of  a  black  powder ;  decant 
the  fluid,  and  leave  the  powder  to  dry  in  the  open  air,  this  powder  is  the  ful- 
minating silver,  which,  after  having  been  once  made,  can  no  longer  be  touched, 
as  the  snghtest  agitation  causes  it  to  detonate ;  it  must  therefore  be  lef%  in  the 
▼esael  in  which  the  evaporation  was  performed ;  it  should  never  be  made  but  in 
minute  quantities,  and  not  more  than  the  fulmination  of  a  grain  should  be 
attempted  at  once. 

A  fulminating  silver,  differing  materially  from  the  foregoing,  is  frequently 
sold  in  the  shops,  as  an  object  of  amusement  It  is  enclosed  between  the  folds 
of  a  card  cut  in  two  lengthwise,  the  powder  being  placed  at  one  end,  and  the 
other  bein^  notched,  that  it  may  be  distinguished ;  if  it  be  taken  by  the  notched 
end,  and  the  other  be  held  over  the  flame  of  a  candle,  it  detonates  with  a  loud 
report  and  a  violent  flame.  This  compound  is  formed  in  the  following  manner ; 
but  from  the  caution  which  is  requisite  in  its  manufacture,  to  prevent  the  serioua 
effects  of  explosions,  none  but  skilful  and  experienced  chemists  should  ati^mpt  Us 
manufacture.  Into  a  pint  tumbler  or  other  glass  vessel  are  introduced  100  grains 
of  dry  nitrate  of  silver,  over  which  are  poured  one  ounce  of  alcohol,  and  the 
same  quantity  of  smoking  nitric  acid.  The  mixture  of  the  alcohol  and  nitric 
acid  occasions  much  heat  and  effervescence  in  the  liquid :  if  this  is  so  violent  as 
to  overflow  the  vessel,  cold  alcohol  is  added,  in  small  portions,  to  abate  the 
ebullition.  In  a  few  minutes  the  liquor  becomes  turbid,  and  a  very  heavy,  white 
crystallhie  powder  falls  down,  which  is  separated  by  the  filter,  and  thoroughly 
washed  with  tepid  water.  Before  being  fully  dry,  it  should  be  separated  into 
parcels  of  ten  or  twenty  grains,  which  portions,  when  thoroughly  dried  at  a 
distance  from  the  fire,  present  the  following  properties :  the  substance  is  white 
and  crystalline ;  the  lignt  changes  its  colour  to  a  dark  brown.  When  heated,  it 
explodes  with  great  violence ;  it  explodes  also  by  percussion  and  friction,  and 
the  contact  of  sulphuric  acid ;  likewise  in  diy  chlorine  gas  it  detonates  with  a 
loud  report. 

The  name  of  separatum  is  given  to  a  new  process  for  the  extraction  of  silver 
from  lead,  invented  by  Mr.  H.  L.  Pattinson,  of  Newcastle-upon-Tyne,  and 
patented  by  him  in  the  year  1833.  It  depends  upon  the  very  curious  fact  dis- 
covered by  Mr.  Pattinson,  that  when  lead,  containing  a  portion  of  silver,  is 
melted  in  a  suitable  vessel,  and  very  slowly  cooled,  with  constant  stirring,  at  a 
certain  temperature,  small  particles  or  crystals  of  solid  lead  begin  to  form  in 
the  mass  of  liquid  lead,  which,  being  heavier  than  the  liquid  lead,  sink  to  the 
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bottom  of  the  ressel,  and  may  be  removed  by  means  of  a  perforated  iron  ladle. 
Tbe  particles  or  crystals  thus  separated,  have  the  appearance  of  a  very  brilliant, 
coarse-grained  metallic  powder ;  and,  on  examination,  are  found  to  contain  a 
much  smaller  proportion  of  silver  than  the  original  lead.  Mr.  Pattinson  also 
discovered  the  converse  of  this,  that,  when  solid  lead,  containing  silver,  is 
slowly  and  carefully  heated  under  favourable  circumstances  (as  in  the  chamber 
of  a  reverberatory  ftimace,  supported  on  bars  of  iron  at  a  distance  from  the 
brick-work  on  all  sides)  at  a  certain  temperature,  drops  of  melted  lead  begin  to 
separate  from  it,  which,  on  examination,  are  found  to  contain  more  silver  than 
the  original  lead.  These  principles  are  applied  in  the  following  manner  to  the 
ejctraction  of  silver  from  lead,  as  detailed  in  the  specification  of  the  patent 
aUuded  to. 

"  I  melt  a  quantity  of  lead  in  an  iron  pot,  and,  after  skimming  off  the  impu- 
rities, I  allow  it  to  cool  slowly,  taking  care  to  break  off  and  mix  with  the  fluid 
mass  from  time  to  time,  the  parts  that  may  congeal  on  the  sides  of  the  pot ; 
when  the  temperature  has  become  sufiiciently  reduced,  small  solid  particles  of 
lead,  resembling  crystals,  begin  to  appear  on  the  surface,  and  in  the  mass  of 
melted  metal ;  which  solid  particles ,  or  crystak,  as  they  continue  to  form,  sink 


portion  to  drain  out  from  among  them  into  the  pan.  I  then  place  the  crystals 
^cither  in  the  ladle  used  to  remove  them  from  the  pan,  or  in  another  suitable  per- 
forated vessel)  in  the  chamber  of  a  reverberatory  furnace,  which  is  made  for  the 
purpose  unusually  large ;  and,  in  this  chamber,  when  heated  to  a  proper  tempera- 
ture, I  drain  or  melt  out  from  among  the  small  solid  particles  or  crystals,  a  further 
qoantity  of  fluid  lead,  leaving  the  residual  lead  m  the  ladle,  or  other  vessel, 
almost  entirely  deprived  of  its  silver ;  after  which,  this  residual  lead  is  with- 
drawn from  the  turnace,  melted  in  another  pot,  and  cast  into  pieces  for  sale. 
Hie  lead  which  drains  out  from  amon^  the  crystals  in  the  reverberatory  fur- 
nace, is,  firom  time  to  time,  added  to  the  lead  in  the  pan  whence  the  crystals 
are  taken ;  and  in  this  way  I  proceed  "until  the  original  lead  submitted  to  the 

r  ration  is  reduced  to  about  one- third,  which,  containing  nearly  the  whole  of 
silver  held  by  the  original  lead,  is  afterwards  refined  in  the  usual  way." 

We  are  informed,  that  in  practice  it  is  found  better  to  confine  the  process  to 
mere  crystallization  of  the  lead,  without  draining  it  in  the  manner  described 
■bore.  The  poor  lead  obtained  by  the  first  crystallization  is  melted  and  crystal- 
liwd  a'  second  time ;  and,  if  necessary,  this  poor  lead  is  cr}'stal]ized  a  third 
tune,  or  until  it  is  almost  entirely  deprived  of  its  silrer.  The  number  of  crystalli- 
ntiona  necessary*,  depends  upon  the  amount  of  silver  held  by  the  original  lead ; 
but  by  two  or  three  crystallizations,  lead,  containing  ten  or  twelve  ounces  of 
■3?er  per  ton,  can  be  separated  into  one  part  rich  lead,  and  four  or  five  parts 
poor  lead ;  the  latter  holding  no  more  than  four  to  six  pennyweights  of  silver 
per  ton.  This  process  is  now  in  extensive  operation  in  the  various  lead  dis- 
trieta  of  the  kingdom. 

SILVERING.  The  art  or  act  of  covering  certain  substances;  as  metal, 
wood,  paper,  leather,  parchmen^  Sec.  with  silver,  so  as  to  give  them  the  onpear- 
■nce  of  that  metal.  Silver  leaf  is  laid  on  much  in  the  same  way  as  gola  leaf, 
for  which  see  Gildino. 

The  method  of  silvering  copper  is  as  follows:  take  of  tartar  and  common  salt, 
each  two  drachms,  half  a  dracnm  of  alum,  fifteen  or  twenty  grains  of  silver,  pre- 
dntated  firom  nitric  acid  by  copper ;  mix  these  well  together,  and  with  the 
nuiLtiire  rub  the  surface  of  the  copper,  and  it  will  have  the  appearance  of  silver; 
■IWr  the  loose  powder  is  brushed  off,  the  surface  may  be  polished  with  a  piece 
of  leather.  Pins  are  silvered  by  boiling  them  with  tin-fihngs  and  tartar.  The 
bo^es,  studs,  plates,  8tc  of  hjuiiess  are  silvered  by  the  following  cheap  and 
CMy  process :  take  half  an  ounce  of  silver  that  has  been  precipitated  from 
■quft-rortis  by  copper;  muriate  of  ammonia  and  common  salt,  of  each  two  ounces, 
■nd  one  drachm  of  corrosive  murinte  of  mercury ;  triturate  these  together,  and 
form  them  into  a  paste  with  water.    After  boiling  the  substances  to  be  silvered 
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with  tartar  and  alum,  they  are  to  be  rubbed  with  the  above  preparatioo,  then  to 
be  made  red  hot,  and  afterwards  polished.  This  silvering  may  be  effected  bf 
usine  the  argentine  precipitate  above  mentioned,  with  borax  and  mercnry,  ind 
causmg  it  to  adhere  by  fusion.  To  silver  the  dial-plates  of  clocks,  the  sc^  of 
barometers,  thermometers,  &c.,  and  all  other  metallic  plates  of  similar  descrip* 
tion,  rub  upon  them  a  mixture  of  muriate  of  silver,  tartar,  and  sea-salt,  snd 
afterwards  wash  off  the  saline  matter  with  water,  This  silvering  is  not  durable, 
but  it  may  be  improved  by  heating  the  article,  and  repeating  the  operation  once 
or  oftener,  if  it  be  thought  necessary.  The  following  amalgam  is  used  for 
silvering  the  interior  surface  of  hollow  glass  globes :  fuse  togetner  two  parti  hj 
weight  of  bismuth,  one  part  of  lead,  and  one  of  pure  tin  ;  when  this  is  nesrir 
cold,  add  four  parts  of  mercury,  and  fuse  the  whole  over  a  gentle  heat  Tbe 
glass  globe  bemg  thoroughly  clean,  introduce  into  it  a  paper  funnel,  whieh 
reaches  to  the  bottom,  and  pour  in  the  liquid  amalgam.  At  a  proper  teone- 
rature  it  will  adhere  to  the  glass,  which,  by  being  turned  and  shaken,  will  tarn 
have  its  interior  surface  completely  covered,  and  anv  remainder  of  the  anialgsa 
may  be  poured  out  when  the  operation  is  completed. 

SIZE.  A  kind  of  weak  glue,  used  in  many  trades ;  it  is  made  of  the  shndi 
and  parings  of  leather,  parchment,  or  vellum,  boiled  in  water,  and  ttraincd. 
Common  size  is  made  of  leather,  boiled  in  water  till  it  becomes  of  a  viscid  eon- 
sistence.  If  it  is  wanted  in  painting  for  nicer  purposes,  it  should  be  prepuvd 
by  taking  any  quantity  of  the  shreds  or  cuttings  of  glovera'  leather,  ana  pottiai 
to  each  pound  a  gallon  of  water ;  let  these  be  boiled  for  six  or  eight  ham, 
supplying  water,  so  that  it  may  not  diminish  to  less  than  two  quarts ;  dm 
stram  the  hot  fluid  through  a  flannel,  and  afterwards  evaporate  it,  till  it  b  sf 
the  consistence  of  a  jelly  when  cold.  The  size  used  in  burnish  gilding,  mi 
made  of  cuttings  of  parchment,  is  prepared  much  after  the  same  manner. 

Gold-size  is  directed  to  be  made  thus :  *'  Of  gum-anime  and  asphaltnn, 
take  each  one  ounce;  minium  litharge  of  gold  and  amber,  of  each  hslf 
an  ounce ;  reduce  all  into  a  very  fine  powder,  and  add  to  them  four  ounen 
of  linseed  oil  and  eight  ounces  of  drying  oil ;  digest  them  over  a  gentle  fiit 
that  does  not  flame,  so  that  the  mixture  may  only  simmer,  but  not  boil,  letf  it 
should  nm  over  and  set  the  house  on  fire ;  stir  it  constantly  with  a  stick  dl  il 
the  ingredients  are  dissolved  and  incorporated,  and  do  not  leave  off  stimiig  liB 
it  becomes  thick  and  ropy ;  after  being  sufficiently  boiled,  let  it  stand  till  it  ii 
almost  cold,  and  then  strain  it  through  a  coarse  linen  cloth,  and  keep  it  Ibrva 
To  prepare  it  for  working,  put  what  quantity  vou  please  in  a  horse-muscle  Bh4 
addmg  as  much  oil  of  turpentine  as  will  dissolve  it;  and  making  it  as  thma 
the  bottom  of  your  seed-lac  varnish,  hold  it  over  a  candle,  and  then  stna  it 
through  a  linen  rag  into  another  shell ;  add  to  these  as  much  vermillioD  m  v3 
make  it  of  a  darki^  red ;  if  it  is  too  thick  for  drawing,  thin  it  with  sonie  oi  of 
turpentine.  The  chief  use  of  this  size  is  for  laying  on  metals.  The  best  foil- 
size  for  burnishing  is  thus  made :  take  fine  bole,  what  quantity  you  plcMi; 
grind  it  finely  on  a  piece  of  marble,  then  scrape  into  it  a  little  beef  suet;  grinl 
aU  well  together,  after  which  mix  in  a  small  proportion  of  parchment-sin^  «tt 
a  double  proportion  of  water,  and  it  is  done. 

SUver-iize  is  made  of  tobacco-pipe  clay  in  fine  powder,  into  which  is  soifcd 
some  black-lead  and  a  little  Genoa  soap ;  all  is  then  ground  together  with 
parchment,  as  already  directed. 

SKATES.  Small  sledges  fastened  to  the  shoes  or  boots  of  a  skater,  hfMk 
he  is  enabled  to  slide,  and  make  evolutions  with  great  ease,  grace,  and  rapifi^ 
over  ice.  They  are  made  of  ribs  of  steel  or  iron  fixed  to  wooden  soles,  and  at 
provided  with  straps  and  buckles  to  fasten  them,  and  with  small  pointed  W 
to  prevent  them  slipping  from  their  just  position.  As  the  exercise  of  skattca 
highly  agreeable  to  young  person^  and  they  can  rarely  be  employed  btta 
country  but  for  a  very  small  portion  of  the  year,  a  aubatitute  for  them  «> 


single  line  of  little  wheels,  placed  one  before  the  other,  instead  of  a  solid  fket 
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of  metal,  the  body  being  carried  forward  by  the  rolling  of  tlie  former  instead  of 
the  sliding  of  the  latter ;  but  the  exercise  to  the  body  lb  very  nearly  the  samt, 
and  is  a  very  healthy  recreation. 


SKEET.  4.  long  sort  of  scoop,  used  to  wet  the  sides  of  a  ship,  in  order  to 
keep  them  cool,  and  prevent  them  from  splitting  by  the  heat  of  the  sun :  it  is 
also  employed  in  small  vessels,  to  wet  the  sails,  to  render  them  more  efficacious 
in  light  breezes ;  in  large  ships  the  same  operation  is  usually  effected  by  the 
fire-engine. 

SKELETON  (in  its  common  signification),  all  tlie  bones  of  a  dead  animal, 
dried,  cleansed,  and  disposed  in  their  natural  situation.  The  term  is,  however, 
applied  by  mechanics  to  the  principal  framing  or  external  configuration  of 
various  things;  as  the  skeleton  of  a  house,  which  implies  merely  the  walls, 
rafters,  roof,  &c.,  as  left  from  the  hands  of  the  bricklayer.  Skeleton  keys  are 
thin,  light  keys,  with  almost  the  whole  substance  of  the  bits  filed  away,  so  that 
they  may  the  more  easily  escape  the  opposition  presented  by  the  wards  in 
ordinary  locks. 

SKIFF.     A  small,  light  boat,  resembling  a  yawl. 

SLAG.     Vitrified  cinders. 

SLAKE.  The  saturating  of  quick-lime  with  water,  which,  when  effected, 
is  called  slaked-lime,  and  is  in  the  state  of  a  powder ;  chemically  termed  the 
hydrate  of  lime ;  containiag  one  part  water  to  two  of  lime. 

SLAKIN.  A  term  used  by  smelters  to  express  a  spongy,  semi-vitrified  sub- 
stance, which  they  mix  with  the  ores  of  metal,  to  prevent  their  fiision :  it  is 
the  scoria,  or  scum,  separated  from  the  surface  of  a  former  fusion  of  metals. 

SLAM.  The  reiiise  of  alum  works,  often  employed  as  a  manure  in  combi- 
nation with  sea-weed  and  lime. 

SLAP- DASH.  A  provincial  term,  more  commonly  called  by  builders 
rough-casting ;  it  is  a  composition  of  lime  and  coarse  sand  reduced  to  a  liquid 
form,  and  applied  to  the  exterior  of  walls  as  a  preservative. 

SLEDGE.  A  kind  of  carriage  without  wheels,  which  is  made  so  as  to  slide, 
or  skate  as  it  were,  ovn*  the  ground. 

SLEEPERS.  Wooden  or  stone  blocks,  firmly  imbedded  in  the  ground,  to 
sustain  the  pressure  of  a  railway  and  its  load,  and  to  steady  the  connexions  of 
the  rail ;  the  term  sleeper  is  also  applied  to  many  other,  though  somewhat 
similar  objects. 

SLICK.  The  ore  of  any  metal,  but  particularly  gold,  when  it  has  been 
pounded  and  prepared  for  further  working. 

SLIDING,  in  MechamcSt  is  when  the  same  point  of  a  body  moving  along 
a  surface,  describes  a  line  without  revolving. 

SLIP.  A  place  lying  with  a  gradual  descent  on  the  banks  of  a  river  or 
harbour,  and  rendered  convenient  for  ship-building.  See  a  description  of  an 
improved  one,  under  the  article  Ship,  denominated  Claries  RadiaUng  Raikoaye, 

SLOOP.  A  small  vessel  furnished  with  one  mast,  the  main  sail  of  which  is 
attached  to  a  gaff  above,  to  the  mast  on  its  foremost  edge,  and  to  a  boom  below. 
It  differs  from  a  cutter  by  having  a  fixed  steering  bowsprit,  and  a  jib-stay ;  the 
sails  are  also  less  in  proportion  to  the  size  of  the  vessel. 

SLUICE.  A  frame  of  timber,  stone,  or  other  matter,  serving  to  retain  and 
raise  the  water  of  a  river,  &c.,  and,  on  occasion,  to  let  it  pass.  Such  is  the 
sluice  of  a  mill,  which  stops  and  collects  the  water  of  a  rivulet,  &c.,  to  let  it 
fall,  at  length,  in  the  greater  plenty  upon  the  null  wheel;  such  also  are  those 
used  as  vents,  or  drains,  to  discharge  water  off  land.    See  Tioepmi ll,  Watbit 

WRBBL,  &c. 
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SMACK.    A  imaU  veuel,  commonly  rigged  ti  A  sloop  or  hoy ;  ined  chiefly 
in  the  coasting  and  fishing  trade. 

SMALT.     A  combination  of  glass  with  the  oxide  of  cobalt,  in  the  state  ik'i 
very  fine  blue  powder.     See  Zaffre  and  Cobalt. 

SMELTING.    The  operation  of  fusing  ores,  in  order  to  separate  the  metab 
from  the  other  minerals  by  which  they  may  be  combined. 

SMOOTHING  IRONS  are  of  various  kinds.  The  box  trwi  is  a  poliiiied 
iron  box,  of  a  form  nearly  trian^lar,  and  provided  with  a  sliding  door,  throngii 
which  is  put  a  red-hot  heater.  The  flat,  or  Mad  mm,  which  is  in  more  genenl 
use,  is  simply  a  heater  of  cast  iron,  with  a  polished  flat  face,  and  a  handle 
above ;  this,  nowever,  is  only  heated  to  a  degree  that  will  not  scorch  the  linen 
to  he  operated  upon  by  it  Mr.  Taylor,  of  Birmingham,  has  recently  introdnod 
an  improvement  upon  the  latter,  by  which  it  partakes  of  the  properties  «f  tk 
former.  I^.  1  represents  the  lower  part  of  the  iron,  hollow  inside,  and  havn^i 
stub  or  Uock  of  iron  cast  to  the  face,  on  which  is  screwed  a  batten,  /k  S 
is  the  heater,  with  a  square  hole  in  the  middle,  through  which  the  stub  in  ^1 
passes.   Fiff.  3  is  the  upper  part  and  handle  of  the  flat  iron,  having  also  a 

FigA,  fV-2- 


hole  in  it ;  so  that  when  this  is  placed  over  the  fbrmw  two^  the  button  jmm 
through  both,  and  is  made  fast  by  givine  it  half  a  turn,  by  meaaa  of  the  Mto 
handle.  Fig*  4.  This  handle  also  serves  for  taking  the  heater  out  af  the  ii%  mi 
putting  it  to  the  iron,  or  the  reverse  operation,  by  thrusting  its  eztrenuty  iirtia 
nole  in  the  heater,  made  for  that  purpose.  This  invention,  for  whieh^Mr.  Tifiv 
obtained  a  patent,  forms  a  cheap  substitute  for  the  box  iron. 

Another  kind  of  irons,  called  Italian  irons,  are  much  used  for  the  same  fth 
poses.  This  is  a  bdlow  cylinder,  with  a  spherical  end,  the  other  end  beiqg  ofM 
for  placing  in  the  interior  a  cylindrical  or  somewhat  tapered  red-4iot  heatsr;  it 
is  mounted  upon  a  stand,  and  the  small  articles  of  linen  are  gently  pnasiA  kf 
a  sliding  motion  over  the  heated  surface.  A  variety  of  modificaliana  of  An 
apparatus  may  be  seen  in  the  ironmongers'  shops,  some  double  and  some  t 
but  there  is  one  that  was  patented  by  a  Mr.  Nichdson,  of  Lambalh,  thi^  i 
to  demand  some  notice  here ;  the  use  of  separate  heaters  beina  thervn  elv 
by  the  burning  of  a  lamp  in  a  hollow  cone,  the  apex  of  wnidi  wiipeHi  An 
irons,  and  communicates  the  heat  of  the  flame  of  the  lamp  tharetou  IMi 
ingenuity  has  likewise  been  expended  in  the  fabrication  of  irona  fiir  *  --- 
and  rolling  linen  between  cylinders,  with  corrugated  and  plain  saHi 
tainmg,  in  the  interior,  heaters,  and  worked  by  cranks  and  wheele ;  bm  at 


of  our  readers  will  probably  think  that  we  have  already  devatad  — »flHTTT*  mm 


to  the  affairs  of  the  laundry,  where  this  machinery  mar  easily  ha 
uses  demonstrated,  we  refer  the  ardent  inquirer  to  tne  laundnM  hamtf  il 
flirther_particulars. 
SMUT,  in  Agriadiute,  a  disease  to  which  wheat  is  FmUariy  li^k^  tovlidi 


it  becomes  contaminated  with  a  sooty  looking  powder,  which 

the  whole  substance  of  the  ([rain.    Many  contrivances  called       

have  been,  at  di£forent  times,  mvented  to  cleanse  wheat,  belbia  grimiirg.  bmk 
this  serious  defect ;    but  tlicy  have  proved  only  partially  suooeMftil  ~  ^'^ 
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ly  owizig,  we  coBceiyey  to  the  ptoceia  ttmplv  contifting  of  nolent  agitt- 
ieh  CBimot  be  efiectivf  in  reiDOTioe  the  bolfow  damaged  grain  fit>m  the 
lioiigh  it  may  drive  off  much  of  ue  looee  or  external  foufaMas. 
!'CH-BLOC&.  A  block  hating  an  opening  in  one  of  iti  iidea,  wherein 
I  bight  of  a  rope  oceaaionally.  Thia  ia  by  some  termed  a  rouae-about 
See  Blocki. 

I^«  The  frozen  vapours  of  the  atmosphere ;  its  whiteneas  ia  owing  to 
1  particles  in  which  it  ia  divided,  for  ice,  when  pounded,  becomes 
fhite. 

A  vessel  equipped  with  two  masts,  resembling  the  main  and  fore- 
a  ship,  and  a  thira  small  mast  just  abaft  the  main-mast,  cairying  a 
1  similar  to  a  ship's  mizzen. 

I^-PLOUOH.  A  simple  machine  operating  like  a  |dough,  but  i^on  a 
ale,  for  clearing  away  the  snow  from  roads.  It  usuaUy  consists  of 
ramed  together,  forming  an  angular  figuro,  the  point  of  which  entera 
,  which  is  thrown  by  the  boards  to  the  sides  of  toe  road,  leaving  a  fat' 
lar  to  those  in  a  ploughed  field. 

'F.  A  scented  powder,  the  use  of  which  is  too  well  known.  The 
tobacco  leaves,  ground  small,  are  the  basis  of  all  snuffii ;  and  the  various 
arive  their  names  from  the  wliims  of  the  manufacturers,  who  combine 
m  those  odoriferous  substai^ces  by  which  they  are  distinguished. 
^  A  name  given  to  those  bodies  which  aro  compounds  of  the  alkalies 
and  the  fiaed  oils.  The  earths,  and  the  other  metallic  oaides  also,  com- 
1  &t  and  oils,  forming  neutral  compounds.  The  former  have  been  called 
nd  the  latter  metallic  soaps.  The  soaps  formed  by  the  alkalies  have 
iguishing  character  of  bemg  soluble  in  water  and  alcohol.  The  earthy 
i  perfectly  insoluble :  and  since  any  of  the  earths  have  a  stronger  attrac- 
oil  than  the  alkalies,  the  alkaline  soaps  are  alwa3rs  decomposed  by  the 
Hiis  occasions  the  curdy  appearance  when  soap  is  used  with  water  con- 
fiy  earthy  or  metaUic  salt :  it  is  from  this  quality  that  waters  are  said 
rd.  Soap  was  imperfectly  known  to  the  ancients.  It  is  mentioned  by 
made  of^fat  and  ashes,  and  as  an  invention  of  the  Oauls.  Aretaeus  and 
iform  us,  that  the  Greeks  obtained  their  knowledge  of  its  medical  use 
t  Romans.  Its  virtues,  according  to  Bergius,  aro  deteigent,  resolvent, 
lent ;  and  its  use  recommended  in  jaundice,  gout,  calculous  complaints, 
balructions  of  the  viscera.  Many  have  boasted  of  its  good  effects  in 
mIcuIous  affections,  especially  when  dissolved  in  lime  water,  by  which 
cv  is  considerably  increased ;  for  it  thus  becomes  a  powerful  solvent  of 
rhich  an  ingenious  modem  author  supposes  to  be  ti^e  chief  asent  in  the 
a  of  calculi ;  it  is,  however,  only  in  the  incipient  state  of  &e  disease 
le  remedies  promise  efibctual  benefit,  thouffb  they  generally  abate  the 
lent  symptoms  where  they  cannot  remove  the  cauae.  With  Boerhaave, 
I  a  general  medicine ;  for  as  he  attributed  most  complaints  to  viscidity 
mds,  he,  and  most  of  the  Boerhaavian  schod,  prescribed  it  in  conjuno- 
1  different  resinous  and  other  substances,  in  gout,  rheumatism,  and 
isoeral  complaints.  Soap  is  also  externally  employed  as  a  resolvent, 
a  name  to  several  ofiicinal  preparations. 

Nips  used  in  the  manufactures  and  domestic  economy,  are  made  with  the 
ahee,  combined  with  different  kinda  of  fat  and  oil.  These,  in  the  manu- 
f  aoap^  are  divided  into  two  principal  varieties,  via.  hard  and  soft  The 
iployed  for  hard  soap  is  soda,  generally  obtained  firom  the  different  sea 
BB^  and  called  by  different  names,  according  to  the  name  of  the  plants 
nt  ooontries.  Most  of  the  alne,  but  oarticularly  the  fucus  and  salsola, 
da  bv  burning.  The  vegetables  are  nrst  dried,  and  then  burnt  in  pita 
fith  loose  stones.  The  earthy  matter,  and  the  soda,  with  some  neutral 
It  into  a  crude  mass,  in  which  state  it  is  sold.  This  substance  is  fUr- 
I  great  abundance  from  the  Highlands  of  Scotland,  under  the  name  of 
1  from  Alicant,  in  Spain,  under  the  name  of  barilla.  In  France  it  ia 
»y  the  name  of  varec ;  diis  being  the  name  of  the  plant  from  which  it 
iXfy  produced  there.    It  is  commonly,  however,  m  tins  itatt  that  it 
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comes  to  the  soap-maker,  varying  frequently  in  its  value,  and  often  oecaakmiDg 
much  uncertainty  in  its  employment  It  should  be  the  fijnt  business,  tberefcR, 
of  the  manufhcturer,  to  assay  the  substance  from  which  he  gets  his  alkali,  even 
before  he  purchases  it  When  the  exact  value  of  the  alkali  is  known,  it  is  tba 
to  be  treated  as  follows,  to  prepare  it  for  mixing  with  (he  fat  The  kelp,  or 
barilla,  is  first  to  be  pounded,  and  then  mixed  with  one-fifth  its  weight  of  quick 
lime,  in  a  large  vat.  These  vats  are  generally  three  or  four  in  number  to  escb 
boiler.  Besides  these  vats  for  the  infusion  of  crude  alkali,  each  of  them  hai  s 
cavity  made  under  it  The  bottom  of  each  vat  is  even  with  the  ground,  the 
under  cavity  beine  sunk  below,  and  is  intended  to  receive  the  liquor  which  runs 
from  a  plug-hole  m  the  upper  vat,  when  the  infusion  has  gone  on  te  a  certain 
extent  One  of  these  vats,  with  its  under  resenroir,  is  sufficient  for  one  boiiin|, 
but  they  are  generally  all  at  work,  in  order  to  give  time  for  the  solution  of  tbe 
alkali  from  the  crude  mass.  In  charging  a  vat,  the  barilla,  kelj^  or  potash,  and 
sometimes  mixtures  of  these,  are  first  coarsely  powdered  and  mixed  with  <puek- 
lime,  also  coarsely  powdered ;  some  water  is  then  thrown  upon  these,  to  sUke  the 
lime.  In  the  side  of  the  vat  some  straw  is  first  placed  about  the  phig-hole,  to 
prevent  bits  from  passing  through.  Tlie  vat  is  now  charged,  and  water  pomtd 
upon  the  materials  till  it  stands  considerably  above  the  scuid  mass  ;  after  stand- 
ing several  hours  the  plug  is  withdrawn,  to  let  out  the  solution  into  the  lover 
reservoir.  The  plug  is  now  returned,  and,  fresh  water  poured  upon  the  mate- 
rials.^ Some,  or  all  of  tlie  first  ley  is  now  removed  into  one  of  the  other  lover 
reservoirs  before  the  second  infusion  is  drawn  oflT.  This  is  done  that  the  soas- 
boiler  may  always  have  at  command  two  leys  of  different  degrees  of  stiength, 
as,  in  the  course  of  every  boiling,  he  finds  it  necessary  to  use  sometioMS  tbe 
weak,  and,  at  other  tinMS,  the  strong.  The  number  of  waters  to  be  added  to 
the  materials,  depends  upon  the  judgment  of  the  workman,  who,  by  his  taste, 
can  tell  when  the  water  has  dissolved  the  whole  of  the  alkali.  13ie  ley  beinff 
ready  to  lade  out  of  the  reservoir,  which  is  near  to  the  boiler,  the  tsJlow  or  m, 
first  weiehed,  is  put  in.  When  it  is  sufficiently  melted,  the  workman  bcgiqp  hf 
adding  the  ley  and  stirring  the  mixture.  The  alkali  and  the  oil  soon  begts  Is 
unite,  forming  a  milky  fluid.  As  more  ley  is  added,  and  the  stirring  oontimwi 
the  liquid  thickens.  This  is  continued  generally  for  thirty  hours,  and  freqneatly 
more,  till  small  portions  of  the  soap,  taken  out  from  time  to  time,  aasaoM  s 
proper  consistence,  which  the  workman,  bv  constant  experience,  underatandL 
He  now  adds  a  quantity  of  common  salt,  which  has  the  effect  of  separating  the 
watery  part  from  the  soap,  which  contains  a  portion  of  neutral  salts,  thatexutfd 
in  the  crude  alkali,  especially  when  more  than  enough  has  been  added.  Tbi 
fire  has  now  to  be  withdrawn,  and  the  mass  left  to  cool.  The  watery  part  vl 
be  found  at  the  bottom,  and  requires  to  be  drawn  out  by  a  pump,  which  ii  a 
fixture  on  the  side  of  the  boiler.  When  this  has  been  removed  the  fire  iiie- 
kindled,  and  if  the  mass  does  not  melt  fireely,  a  little  water  is  added.  As  isoa 
as  the  whole  becomes  liquid,  and  is  made  uniform  by  agitation  widi  woodca 
poles,  the  fire  is  again  withdrawn,  and  the  mass  allowed  to  aasume  a  pnpcr 
consistence  for  ladine.  It  is  laded  into  square  moulds ;  these  are  nuinpssed 
of  a  number  of  strata  lying  one  upon  another,  so  that  when  the  soap  has  beeose 
solid,  each  layer  of  frame-work  can  be  removed,  beginning  at  the  top,  and  tk 
soap  is  cut  into  cakes  with  a  small  piece  of  brass  wire  at  eveiy  interval ;  thsM 
cakes  are  afterwards  cut  into  square  prismatic  pieces,  in  which  state  tbej  mt 
sold.  Yellow  hard  soap  is  formed  ot  sintilar  proportions  of  soda  and  tallov 
with  the  last ;  but  it  also  contains  rosin,  and  sometimes  palin  oiL  In  boiiiB| 
the  yellow  soap^  the  rosin,  oil,  and  tallow,  are  put  into  the  boiler  first  The  kt 
is  prepared  in  a  similar  vat,  and  managed,  m  other  respect%  lOce  the  vUn 

SOIUK 

ooft  soap  differs  in  its  composition  from  hard,  in  eontainin|^  no  alkali,  hst 
potash.  Soft  soap  made  with  colourless  fat,  such  as  tallow,  is  a  white  uuitsssi 
substance,  about  the  consistency  of  lard.  If  the  &t  be  c(rfoured»  the  soap  pv* 
takes  of  the  same.  In  France,  and  other  parts  of  the  continent,  it  is  gencnlr 
coloured^  sometimes  with  metallic  oxides.  Those  made  with  yeUow  oilsrvsoiK- 
tiraes  coloured  with  indigo,  which  gives  them  a  green  colour.   The  oilsfflipl0H 
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are  leldem  olive  oil,  but  the  cheaper  oib,  such  as  rape-oil,  the  oil  of  hempseed, 
linseed,  and  othen.  In  Holland  it  was  made  with  whale-oil.  This  oil  was 
forbidden  on  some  parts  of  the  continent,  on  account  of  its  disagreeable  smell. 
In  this  country,  however,  all  the  soft  soaps  are  made  with  whale-oil,  which 
gives  a  transparent  mass  of  a  yellow  colour.  In  commerce,  however,  we  do 
not  find  it  uniform  in  its  colour ;  besides  the  yellow  part,  it  appears  interspersed 
with  white  spots,  giving  the  whole  a  strong  resemblance  to  the  inside  of  a 
dried  fig. 

Soap  Is  chiefly  used  in  washing  and  whitening  linens,  c  causing  woollen 
cloths  from  oil,  whitening  silk,  and  freeing  it  from  the  resinous  varnish  with 
which  it  is  usually  covered,  and  for  various  purposes  by  the  dyers,  perfumers, 
fullers,  &c.  The  alkaline  lixiviums  being  capable  of  dissolving  oils  more  effec- 
tuaUy  than  soap,  might  be  employed  for  the  same  purposes ;  but  when  this 
activity  is  not  mitigated  by  oil,  as  it  b  in  soap,  they  are  capable  of  altering,  and 
even  destroying  entirely,  by  their  causticity,  most  substances,  especiallv  animal 
matters,  as  silk,  wool,  and  others ;  whereas  soap  cleanses  from  oil,  almost  as 
effectually  as  pure  alkali,  without  danger  of  altering  or  destroying,  which  renders 
it  peculiarly  useful. 

SOAP-STONE.  A  species  of  steatite.  It  Imparts  to  the  touch  a  peculiar 
unctuous  feeiin?,  like  fine  white  soap.  The  soap-stone  of  this  country  is  chiefly 
obtained  from  Sie  Lizard,  in  Cornwall,  where  it  is  found  in  connexion  with  ser- 
pentine, to  which  it  is  nearly  allied.  It  is  much  used  in  the  manufacture  of 
porcelain ;  also  for  polishine  marble  and  other  stone.  It  is 'the  basis  of  various 
cosmetics,  and  is  combined  with  carmine  to  form  rouge ;  it  is  also  found  very 
useful  in  taking  grease  spots  out  of  silks,  stuffs,  &c, 

SODA.  One  of  the  fixed  alkalies  :  it  is  generally  procured  from  the  ashes 
of  marine  plants ;  indeed,  its  great  repository  is  the  ocean,  soda  being  the  basis 
of  sea  salt,^  Combined  with  carbonic  acid,  soda  is  found  in  a  mineral  state  in 
Egypt,  where  it  abounds  under  the  name  of  natron ;  whence  it  is  frequently 
oufed  mineral  alkali.  Vast  quantities  of  this  substance  are  annually  obtained 
from  the  natron  lakes,  in  Egypt.  The  heat  of  the  sun  in  summer  evaporating 
tba  water  of  these  lakes,  there  is  found  a  hard  deposit  at  the  bottom,  frequently 
two  feet  in  thickness,  which  is  broken  up  and  packed  for  exportation  to  Europe. 
The  commercial  article  called  barilla  is  an  impure  soda,  and  is  obtained  from 
the  ashes  of  the  incinerated  sea-weed,  saltola  soda.  In  this  state  it  contains 
about  one-fifth  of  the  alkali.  The  kelp  manufactured  on  our  own  coasts  is 
atill  more  impure,  containing  only  firom  one-twentieth  to  one-fiftieth  part  of  pure 
alkalL  It  is  the  basis  of  common  culinary  salt ;  it  forms  an  essential  ingreoient 
in  the  composition  of  plate  and  crown  glass,  and  in  all  the  varieties  of  hard 
soap.     See  Kelp,  Barilla,  Soap,  Chemistry,  Acid  Muriatic,  &c  &c. 

SODA-WATER.     See  Aerated  Water. 

SODIUM.  The  metallic  basis  of  soda,  accor^ng  to  Sir  H.  Davy.  See 
Crbmistrt. 

SOLDER.  A  metallic  cement  for  joining  separate  pieces  of  metal  together 
liy  fkision.  It  is  a  general  rule,  with  respect  to  solder,  that  it  should  fuse  at  a 
lower  temperature  wan  the  metal  to  be  soldered.  The  solders  of  the  plumber 
are  composed  of  tin  and  lead,  on  account  of  their  ready  fusion.  (See  those 
metals.)  The  coppersmith's  solder  is  an  alloy  of  copper  and  zinc.  (See  those 
metals.)  In  general,  the  solder  is  harder  or  softer,  in  proportion  to  tlie  quan- 
tity of  copper  that  b  in  it ;  the  greater  the  quantity  of  copper  it  contains, 
the  harder  and  more  difficult  of  fusion  it  becomes.  Solders  of  different  degrees 
of  fusibility,  are  often  required,  particularly  in  cases  where  several  joining 
have  to  ^  made  near  to  each  otner.  The  least  fusible  solder  is  emmoyed  in 
tha  first  place,  and  the  others  in  succession,  according  to  their  order  of  fusibility, 
to  the  subsequent  joinings.  If  this  precaution  were  not  adopted,  it  would  often 
happen  that  in  soldering  one  joint,  the  heat  communicated  to  the  next  thereby, 
woQid  cause  it  to  become  unsoldered.  Before  soldering,  the  surfaces  are  ren- 
dered bright  and  clean,  by'scraping  or  filine  them  over ;  as  a  thin  coat  of  oxide, 
or  any  foreign  matter  intervening,  would  pevent  the  union. 

The  solders  used  for  brass  are  usually  of  two  kinds,  denominated  hard  and 
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■oft.  Ths  bard  i«  oompoted  of  bran  and  siiic»  yarM  in  tbe  propoi'tiona  of  &«■ 
sixteen  to  two  parts  ot  brass  to  one  part  of  line.  Hie  aaft  solder  h  comDoied  «f 
six  parts  brass,  one  of  ainc,  and  one  of  tin.  Tbe  faraaa  is  first  melted,  tten  Ikt 
tin,  and  lastly  the^sinc  (previously  well  beated)  is  added.  The  mixtore  is  tiiai 
agitated  to  divide  it  into  grains  as  it  cools. 

SOLID.  Geometricians  define  a  solid  to  be  the  third  speeiea  of  ms^ 
tude ;  or  that  which  has  die  three  dimensions  of  length,  breadti^  and  thiduiea, 
or  depth. 

SOLIDITY  is  defined  to  be  that  prmerty  of  matter  by  which  it  excludes  all 
other  bodies  from  the  place  which  itseli  possesses. 

SOLUTION.  An  intimate  union  of  solid  bodies  with  fluids,  so  that  the 
former  shall  disappear^  and  the  combination  form  an  homogeneous  liquor. 

SOOT.  A  powdery  or  floculent  black  or  dark-coloured  substance,  deposited 
from  the  vapours  which  arise  in  the  burning  of  vegetable  and  animal  mattff. 
Soot  distilled  by  a  strong  heat,  yields  volatile  alkali  and  empyreumatic  Q^ 
leaving  deposited  at  the  bottom  of  the  vessel  a  quantity  of  insoluble  eartinf 
matter.  The  principal  uses  to  which  soot  b  applied,  are  manuring  the  groni^ 
colour  making,  and  in  the  manufacture  of  sal  ammoniac. 

SOUND.  The  undulations  which  result  from  any  vibrating  or  aonoroos  bodj, 
conveyed  to  the  organs  of  hearing.    See  Phonics. 

SPADE.  An  instrument  for  dig^ng  the  earth,  provided  with  a  biosd  mi 
nearly  rectangular  blade  of  wrought  iron,  steeled  at  its  lower  or  cutti^  c^gc^ 
and  with  a  stout  handle  above,  adapted  to  be  used  with  both  hands.  Taejait 
made  of  various  sizes,  and  somewhat  diffisring  in  form,  according  to  their  pecu- 
liar uses,  and  the  prejudices  of  certain  provincial  districts. 

SPAR,  ,in  Mineralogy^  those  earths  which  break  easily  into  rhomboidal, 
cubical,  or  laminated  fragments,  with  polished  surfaces. 

SPARS,  in  ship-huUdmgf  large  round  pieces  of  timber,  fit  for  making  jardi 
and  top-masts. 

SPATULA.  An  instrument  employed  for  spreading  out  soft  sabstancei;  ai 
plaisters,  pigments,  &c, 

SPECIFIC  GRAVITY.  The  weight  of  any  body,  or  substance,  conpsnd 
with  the  weight  of  some  other  body  which  is  assumed  to  be  a  standard.  The 
standard  of  comparison,  by  common  consent  and  practice,  is  rain  water,  oa 
account  of  its  being  less  subject  to  variation,  in  different  circumstances  of  time 
and  place,  than  any  other  body,  whether  fluid  or  solid.  A  cubic  foot  of  nil 
water  weighs  1000  ounces  avoirdupois ;  therefore,  assuming  this  to  be  the  lp^ 
cific  gravity  of  rain-water,  and  comparing  all  other  bodies  with  it,  the  aaoN 
numbers  which  express  the  specific  gravities' of  bodies,  denote,  at  the  mmt 
time,  their  weight  per  cubic  foot,  in  avoirdupois  ounces.  Hence,  by  reliercBee 
to  the  tables,  we  are  enabled  to  find  the  magnitude  of  any  solid  which  is  t» 
irregular  to  admit  of  the  common  rules  of  mensuration,  and  alao  the  weight  if 
any  body  of  known  magnitude,  which  is  too  ponderous  to  be  submitted  to  dK 
operation  of  the  steel-yard  or  balance. 

Exampie. — Required  the  quantity  of  material  in  an  irregular  shaped  Uoek  flf 
marble,  weighing  4{  tons. 

Reduce  the  weight  to  ounces,  and  divide  by  the  specific  gravity  of  maihlc. 
Hence  4}  tons  X  16  oz.  -^2.838  =  56.8  cubic  feet. 

Required  the  quantity  of  material  in  a  statue  of  white  Parian  OAarble,  vcig^ 
ing  800  pounds. 

800  X  16  =  1 2800-r  2.838  =  4|  cubic  feet 

Agakn, — Required  the  weight  of  a  block  of  Aberdeen  granite,  measariBg  ^ 
feet  in  length,  8  feet  in  breadth  and  thickness. 

43X8X8=2752. 

Then,  as  1  : :  2752  : :  2.625  :  7224000=201  tons  U  cwt  1  qr. 

The  properties  of  specific  mvity  are  as  follow : — 

1.  A  bc^y  immersed  in  a  fluid  will  sink  if  its  specific  gravity  be  greater  dia 
that  of  the  fluid ;  if  it  be  less,  the  body  will  rise  to  the  ton,  and  be  oohr  |Ni4 
immersed ;  and  if  the  specific  gravity  of  the  solid  and  fluid  be  equal  it  vl 
remain  at  rest  in  any  part  of  the  fluid  in  which  it  may  be  placed. 
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2.  When  a  body  is  heavier  than  a  fluid,  it  loses  as  much  of  its  weight,  when 
immersed,  as  is  eoual  to  a  quantity  of  fluid  of  the  same  magnitude. 

3.  If  the  specific  gravity  of  the  fluid  be  greater  than  that  of  the  body,  then 
the  quantity  of  fluid  displaced  by  the  part  immersed,  is  equal  to  the  weight  of 
the  whole  body.  Hence,  as  the  specific  gravity  of  the  fluid  is  to  that  oi  the 
body,  so  is  the  whole  magnitude  of  the  body  to  the  part  immersed. 


Specific  ChamHes  of  Metals, 


Sj^grsT. 
Antimony,  in  a  metallic  state, 

fused.    .     .     .    6.624 

glass  of  ...     .    4.946 

sulphur  of  .     .     .    4.064 

ore,  grey  &  foliated    4.368 

„    radiated    .     .    4.440 

Bismuth,  cast 9.823 

native 9.822 

ore,  in  plumes    .     .    4.371 

Brass,  common  cast ....     7.824 

cast,  not  hammered     .    8.396 

wire-drawn    ....    8.544 

Copper,  cast 8.788 

wire-drawn.    .     .     .    8.878 

pyrites 4.080 

ore,  Cornish  .  .  .  5,452 
„  white  ....  4.500 
„  grey  ....  4.500 
„  veilow ....  4.300 
„  blue  ....  3.400 
„  prismatic  .  .  .  4.200 
„  foliated,  florid  red  3.950 
„  radiated,  azure  .  3.231 
„    emerald    .    .    .    3.300 

Gold,  pure,  cast 19.258 

the  same  hammered  .  19.362 
22  carats,  fine,  standard  17.486 
the  same  hammered  .  15.589 
20  carats,  fine,  trinket .  15.709 
'the  same  hammered     .  15.775 

Iron,  cast 7.207 

bars 7.788 

pyrites,  cubic ....    4.702 

„       radiated  .    .    .    4.775 

„       dodecahedral    .    4.830 

M       firom  Freyberg .    4.682 

„       firom  ComwaU  .    4.789 

ore,  specular  ....    5.218 

„    micaceous     .    .    •    5.070 

„    prismatic ....    7.355 

Lead,  cast 11.352 

lithaige 6.300 

ore,  cubic 7.587 

„  homed  ....  6.072 
„  corneous.  .  •  .  6.065 
^    reniform.    .    •    .    3.920 

„    blue 5.461 

„    black ....         5.770 


8p.gi»v. 

Lead  ore,  brown     ....    6.974 

„    white 7.236 

„    red,  or  red  lead  spar    6.027 
„    yellow,     molybde- 

nated  ....  11.352 
Mercury,  solid,  40"  below  0, 

Fahr.    ....  15.632 
at  32"  of  heat    .    .  13.619 

at  60» 13.580 

at  212«     ....  13.375 

Nickel,  cast 7.807 

ore,    called  Kupper- 

nickel  of  Saxe    6.648 

„    of  Bohemia  .    .    6.207 

Platina,  crude,  in  grains    .    •  15.602 

purified 19.502 

the  same  hammered  •  20.337 

„      rolled  .     .     .  22.069 

„      wire-drawn  .  21.042 

Silver,  cast,  pure      ....  10.474 

„      „     hammered  .  10.511 

Parisian  standard  •    .10.175 

the  same  hammered   .  10.376 

French  coin  ....  10.048 

shilling  (George  III.).  10.534 

Steel,  soft 7.833 

hardened,  but  aot  tem- 
pered      7.840 

tempered,  but  not  har* 

dened 7.816 

tempered  and  hardened    7.818 

Tin,  pure  Cornish    ....    7.291 

the  same  hardened    .    .    7.290 

Malacca,  fused      .    .    .    7.296 

„       hardened    .    .    7.307 

ore,  red 6.935 

„    black 6.901 

„    white 6.006 

Tungsten 6.066 

Uranium 6.440 

Wolfiram 7.119 

Zinc,  in  its  usual  state  •  .  •  6.862 
pure  and  oompreesed  .  7.191 
formed  by  sublimation, 

and  fhll  of  cavitiee    .    5.918 
sulphate  of     ...    .    1.900 
saturated    solution    o^ 
t«mp.42«    .    .    .         1.386 
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Specific  Gravities  cf  Woodi. 


8p.  gnv. 

Alder :     .      .800 

Apple-tree 793 

Ash 845 

Bay-tree 822 

Beech 852 

Box,  Dutch     ......      .912 

French 1.328 

Brazilian  red   .     .     .    .     1.031 

Campeehy 913 

Cedcur,  American 561 

Indian      .     .    :     .    .     1.315 

Palestine 613 

wild -596 

Cherry-tree 715 

Citron 726 

Cocoa •     1.040 

Cork 240 

Cypress 644 

Ebony,  Indian 1.209 

American    .    .    .     .     1.331 

Elder 695 

Elm 671 

Fttbert 600 

Fir,  yellow 657 

white 569 

male 550 

female     ......      .498 

Hazel 600 


8p.fnT 

Jasmin,  Spanish 770 

Juniper 556 

Lemon-tree 703 

Lignum- vits 1.333 

Lime-tree 604 

Lofwood 913 

Mahogany      ......     1.063 

Maple 750 

Mastic-tree 849 

Medlar 941 

Mulberry 897 

Oak)  heart  of,  60  years  old     .     1 .1 70 

dry 932 

Olive-tree 927 

Orange-tree    ...,*..       .705 

Pear-tree 661 

Pomegranate-tree    ....     1.354 

Poplar 383 

white,  Spanish  .    .     .       .529 

Plum-tree 755 

Quince-tree 705 

Sassafras 482 

Vine 1.327 

Walnut 671 

Willow 585 

Yew,  Spanish      .' 807 

Dutch 788 


Specific  Gravities  of  Stones^  Earths^  ^c. 


Alabaster,  yellow  ....  2.699 
stained  brown  .  .  2.744 
veined  ....  2.691 
Dah'as  ....  2.611 
Malaga  ....  2.876 
Malta  ....  2.699 
oriental,  white  .  .  2.730 
„  semi-trans- 
parent .  2.762 
Piedmont  .  .  .  2.693 
Spanish,  saline .  .  2.713 
Valencia.    .    .    .  2.638 

Ambergris 926 

AmianUius,  long 909 

short     .     .    .     .  2.313 

Asbestos,  ripe 2.578 

starry 3.073 

Borax 1.714 

Brick 2.000 

Chalk,  British 2.784 

BrancoD,  coarse     .    •  2.727 

Spanish    .    .    •    ,    .  2.790 

Coa],Cannel 1.270 

Newcastle 1.270 

Staffordshire    ....  1.240 

Scotch 1.300 


Cutler's  stone 2.111 

Emery 4.000 

Flint,  black 2.582 

veined 2.612 

white 2.591 

Egyptian 2.565 

Glass,  flint 2.933 

white 2.892 

bottle 2.732 

green 2.642 

StGobin 2.488 

Leith,  crystal     .    .     .  3.189 

fluid 3.329 

Granite,  Aberdeen,  blue  kind  2.625 

Cornish      ....  2.662 

Egyptian,  red     .    •  2.654 

„        grey    .    .  2.728 

beautiftil  red  .    .    .  2.761 

Girardinor      .    .    .  2.716 

violet,  of  Gyromagny  2.685 

Dauphiny,  red    .    .  2.643 

„         green     .  2.684 

„         radiated .  2.668 

Semnr,  red     .    .    .  2.638 

.  2.738 

yellowish.  2.619 


—^ — —J  - -■ — 
Bretagne,  grey 
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8p.  grav. 

Granite,  Carintbia,  blue    .     .    2.956 

Grindstone 2.143 

Gypsum,  opaque      .     .     .     .     2.1G8 
senu-transparent         2.306 
fine  ditto  ....    2.276 
cuneifonn,   crystal- 
lized  2.306 

rbomboidal    .     .     .     2.311 

ditto,  ten  fiices  .    .     2.312 

Hone,  white,  razor  ....     2.876 

Jet,  a  bituminous  substance  .     1 .259 

Lime-stone,  green    .    .    .     .    3.182 

arenaceous     .     .     2.742 

white  fluor     .     .     3.156 

compact    .     .     .     2.720 

foliated.     .     .     .     2.837 

granular    .     .     .     2.800 

Manganese 7.000 

grey  ore,  striated.  4.756 
grey,  foliated  .  .  3.742 
red,  from  Kapnick  3.233 
black  ....  3.000 
scaly  ....  4.116 
sulphuret  of  .  .  3.950 
phosphate  of  .     .    2.600 

Marble,  African 2.780 

Biscayan,  black  .  .  2.695 
Brocatelle  ....  2.650 
Camparium,  green  .  2.742 
(Carrara,  white  .  .  2.717 
Castiliaii  .  .  -.  .  2.700 
Egyptian,  green  .     .     2.668 

French 2.649 

Grenada,  wliite  .  .  2.705 
Italian,  violet .  .  .  2.858 
Norwegian.  .  .  .  2.728 
Parian  white  .  .  .  2.838 
Pyrenean    .....     2.726 

red 2.724 

Roman  violet  .  .  .  2.755 
Siberian  ....  2.718 
Siennian  .  .  .  2.678 
Switzerland  .  .  .  2.714 
Valencia    .'    ...     2.710 

Millstone 2.484 

phosphoric     .     .     ,     1.714 

Porcelam,  China      ....     2.385 

Limoges  ....     2.341 

Seves 2.146 

Porphyry,  red 2.765 

green  .....     2.676 


Porphyry,  red,  from  Cordonne 
green,  from  ditto  . 
red,  from  Dauphiny 

Pyrites,  copper 

ferruginous,  cubic 

round    . 

ofSt.Do- 

mingo . 

Salt 

Serpentine,     opaque,     green, 

Italian.     .     . 

„  veined  black 

and  olive 

„  red  &  black 

semi-transparent, 

grained     .    . 

fibrous .... 

from  Dauphiny  . 

Slate,  common 


8p.  grave 
2;754 
3.728 
2.793 
4.954 
3.900 
4.101 

3.440 
2.130 


2.430 

2.594 
2.627 

2.586 
3.000 
2.669 
2.672 

new 2.854 

black  stone     ....  2.186 

fresh  polished      .     .     .  2.766 

Stalactite,  opaque     ....  2.478 

transparent  .     .     .  2.326 

Stone,  Bristol 2.510 

Burford 2.049 

common 2.520 

Clicard,  from  JBrachet .  2.357 

„                Ouchain  2.274 

Notre-Dame.    .     .     .  2.378 

oriental  blue      .    .    .  2.771 

>aving 2.416 

Portland 2.570 

Pumice 915 

Purbeck 2.601 

prismatic  basaltes  .    .  2.722 

rag 2.470 

rotten 1.981 

rockofChatillon    .    .  2.122 

Siberian  blue     .     .     .  2.945 

St.  Cloud 2.201 

StMaur 2.034 

touch 2.415 

Sulphur,  native 2.033 

melted 1.991 

Talc,  black 2.900 

crayon 2.089 

German 2.246 

Muscovy 2.792 

yellow 2.653 
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Specific  Gravities  of  Liquids, 


Acetic  acid 1.007 

Acetous  acid,  red     ....  1.025 

wliite      .     .     .  1.014 

Alcohol,  commercial     .     .     .  .837 

highly  rectified    .     .  .829 

VOL.  II.  4  R 


Ammonin,  liquid 897 

muriate  of  .     ...   1.453 

Qeer,  pale 1.023 

brown 1.034 

Benzoic  acid 1.018 


SPECIFIC  GRAVITY. 


8p.  gnr. 

Cvder 1-018 

TSih&t,  acetic 866 

muriatic 730 

nitric 909 

sulphuric 739 

Fluoric  aad 1.500 

Formic  add 994 

Biilkofcowt  ...*...     1.032 

Muriatic  add 1.194 

Nitric  add 1.271 

highly  concentrated    1.583 

Oil  of  almonds,  sweet  .    .     .       .917 

doves,  essential  .    .     .     1.036 

cinnamon,  essential  1.044 

filberts 916 

hemp-seed 926 

lavender,  essential  .    .      .894 

linseed 940 

olives 915 

poppies 924 

rape-seed 919 


Sp^lBV. 

Oil  of  turpentine,  essential  M 

whales SU 

Spirits  of  wine,  commercial    .  .817 

highly  rectified  .89 

Sulphuric  add 1 J41 

highly  concen- 
trated   .    .  2.12S 

Turpentine,  liouid    ....  JS91 

Vinegar,  distflled     ....  1.010 

Water,  rain IM 

distilled 1.000 

sea 1.016 

Wine,  Buigundy     .    .    .    .  J9t 

Bowdeauz    •    .     .    .  JM 

Champaigne,  white  M 

Canary 1^03 

Constance     ....  1.082 

Bladeira LOSS 

Malaga 1.Q2S 

Port M 

Tokay Ijm 


Spedfie  OramHei  ofBeikUf  Ouwu,  Animal  SuhtUmeti^  ^. 


Alooiy  socotrine 1.380 

hmatic 1.359 

Ambergris 926 

Assafoetida 1.328 

Bark,  Peruvian 785 

Butter 942 

Camphor 989 

Copal,  Chinese 1.063 

Madagascar  ....     1.060 

Opaque 1.140 

Fat,  beef 923 

mutton 924 

veal 934 

hog's 937 

Oalbanum 1.212 

Gamboge 1,222 

Gum  Ammoniac     ....    1.207 

Aralne 1.452 

Bdemum 1.372 

Ei^horbia 1.124 

Scinmony  of  Aleppo   .    1.235 


Gum  Scammony  of  Smyrna  .  1JS74 

sen^hic     .....  UOl 

traeacanth l^lf 

Gunpowder,  in  a  loose  hei^  •  .8S6 

shaken     •    .    .  M 

soUd     ....  1.745 

Honey 1.450 

Indigo 769 

Ivory 1.82S 

Lard .948 

Madder-root 765 

Mastic 1.074 

Myrrh 1.800 

Olibanum 1.173 

Opium 1.3S6 

Spermaceti M 

Sugar,  white 1.601 

Tafiow M 

Wax  of  bees,  white 969 

yellow    ...  .965 

Shoemakers'    .    .    .    .  i07 


GOMff. 

In  the  fbUowing  Table,  the  specific  (jpravities  of  the  prindpal  gases  will  bt 
fiyen  aa  they  correspond  with  the  spedlic  j^vity  of  atmospheric  air,  wfaidi  ii 
tnppoasd  to  be  about  1.000. 


Atmospheric,  or  conmion  air  •  1.000 

Ammoniacal  gas .500 

Arsenical  hy&^g^  gas    .  JS7IB 

Aaote 969 

Carbonic  add 1.520 

oxide .960 

Gariraretied  hydrogen  ...  .491 


Chlorine .470 

Chloro-caibonic  gas ....  1S89 

Chloro-cyanic  vapour   .    .    .  1111 

Cydrogen 1.806 

Eiuchlorine 1409 

Fluoboradc    ......  1S71 

Fluosilidc  add  gaa  .    .    •    .  8574 
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8p.  gnf. 

Hydrogen 074 

HydriMic  acid  gas  ....  4.443 
Hydrocyanic  vapour  .  .  .  .948 
A^uriatio  acid  gas     ....     1.278 

Nitrous  gas 1.094 

acid  gas 2.427 

oxide 1.614 

Oxygen,  mean 1.044 

Phoi^huretted  hydrogen  .  .  .870 
Steam 690 


Sulphuretted  hydrogen      •    . 

Sulphurous  acid 

Vapotu:  of  alcohol  .... 
absolute  alcohol  . 
hydriotic  ether  •  . 
iodine  .  •  .  . 
muriatic  ether  .  • 
oil  of  turpentine  • 
tulphuret  of  carbon 
iulphuric  ether.    . 


8p.  grsT 

1.777 
2.193 
2.100 
1.613 
5.475 
8.620 
2.219 
5.013 
2.645 
2.586 


In  concluding,  it  may  be  necessary  to  remark,  that  all  bodies  expand  by  heat 
and  contract  by  cooling;  but  the  contraction  and  expansion,  oy  the  same 
change  of  temperature,  is  ver^  different  in  different  bodies.  Water,  when 
heated  fSrom  60  to  100  degrees,  increases  its  volume  nearly  one  sixty-seventh  of 
its  bulk ;  mercury,  one  two-hundred  and  forty-third  part ;  and  many  substances 
much  less.  It  is  therefore  proper,  in  ascertaimng  the  specie  gravities  of  bodies, 
to  note  particularly  the  temperature. 

SPECTACLES.  An  optical  instrument  consisting  of  two  lenses  set  in  alight 
frame,  the  extremities  of  which  are  made  elastic,  so  as  to  retain,  by  a  slight 
pressure  against  thenndes  of  the  head,  the  instrument  in  its  plaee,  which  is 
•npported  upon  the  nose  of  the  wearer.  The  use  of  spectacles  is  to  counteract 
aome  defects  in  the  organs  of  vision ;  and  as  these  differ  in  their  nature, 
the  lenses  vary  in  their  properties.  Those  with  convex  lenses  serve  to  counter- 
act the  effects  arising  from  the  too  great  flatness  of  the  eye,  by  giving  the  rays 
of  l%ht  a  degree  of  convergency  sufficient  to  make  them  meet  exactly  at  tne 
retina,  and  are,  therefore,  generally  proper  for  elderly  persons.  On  the  contrary, 
short-sighted  people  use  concave  lenses,  to  prevent  the  rays  from  converging  so 
suddenly, — because  the  eyes  of  such  persons  being  too  round  and  protuberant, 
give  too  great  a  convergency  to  the  rays,  and  cause  them  to  meet  oefore  they 
reAch  the  retina,  which  defect  is  remedied  by  glass  of  a  suitable  concavity. 


A  patent  for  improvements  in  spectacles  was  taken  out  in  1826,  fay  BIr. 
A.  A*  de  la  Court,  m  Great  Winchester-street^  London,  which  aie  of  so  peenllar 


**. 
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a  description  as  to  demand  a  brief  notice  from  us.  The  invention  consists  in 
fixing  to  the  joints  or  bows  of  common  spectacles  a  pair  of  mirrors  or  reflectors, 
so  jointed  and  posited  as  to  enable  the  wearer  to  see  sideways,  and  even  behind 
him,  as  he  may  be  inclined,  without  turning  his  head.  In  another  form  of 
these  patent  spectacles  the  ordinary  glasses  are  omitted,  and  the  mirrors  only 
introduced  as  exhibited  in  the  prefixed  illustration  of  the  patent,  extraded 
from  a  scientific  journal,  in  whicn  the  uses  and  abuses  of  this  singular  invention 
(that  gives  to  the  wearer  all  the  boasted  powers  of  the  god  Argus,)  are  humo- 
rously detailed. 

SPERMACETI.    A  substance  obtained  from  the  oil  found  in  the  head  of 

several  species  of  whale,  but  chiefly  from  the  phyteier  macrocephaltu.     Though 

analogous  to  fat  and  wax,  it  diflers  from  them  in  several  properties.     It  is  of  a 

flaky  texture — soft,  white,  and  brilliant;  melts  at  113o ;  and  ny  raising  the  heat 

may  be  volatilized  with  little  change,  though  by  repeated  distillation   it  is 

decomposed.     It  bums  with  a  clear  name.     A  property  distinguishing  it  from 

fat  is  tnat  of  solubility  in  alcohol  and  ether,  though  it  is  but  sparingly  soluble 

in  the  former.     It  dissolves  more  rapidly  and  abundantly  in  warm  ether,  from 

which  it  precipitates  when  cool ;  oil  of  turpentine  acts  upon  it  in  a  similar 

manner.   Spermaceti  is  found  in  a  larse  triangular  trunk,  four  or  &ye  feet  deep, 

and  ten  or  twelve  long,  filling  almost  tne  whole  cavity  of  the  head,  and  seemine 

to  be  entirely  difierent  from  the  proper  brain  of  the  animal.  The  oil  is  separated 

from  it  by  dripping.     In  this  state  it  has  a  yellow,  unctuous  appearance,  and  is 

brought  to  England  in  barrels.     An  ordinary  sized  whale,  it  is  said,  will  yield 

upwards  of  twelve  large  barreb  of  crude  spermaceti.     The  mode  of  purifying 

it  in  the  large  way  is  as  follows : — the  mass  is  put  into  hair  or  woollen  bags* 

and  pressed  between  plates  of  iron,  in  a  screw-press,  until  it  becomes  hard  and 

brittle.     It  is  then  broken  into  pieces,  and  thrown  into  boiling  water,  where  it 

melts ;  and  the  impurities  whicn  rise  to  the  surface,  or  sink  to  the  bottom,  are 

skimmed  off*  or  separated  from  it.    After  beine  cooled,  and  separated  from  the 

water,  it  is  put  into  fresh  water  in  a  large  boiler,  and  a  weak  ley  of  the  potash 

of  commerce  added  to  it  by  decrees.  This  part  of  the  process  is  thrice  repeated, 

afler  which  the  whole  is  poured  into  coolers,  when  the  spermaceti  concretes  into 

a  white  semi-transparent  mass,  which,  on  being  cut  into  small  pieces,  assmnei 

the  flaky  appearance  which  it  has  in  the  shops.     Some  adulterate  it  with  wax  ; 

but  the  deceit  is  discovered,  either  by  the  smell  of  the  wax,  or  b}'  the  dulness  of 

the  colour.    Some  also  sell  a  preparation  of  oil  taken  from  the  tail  of  the  whale, 

instead  of  that  from  the  brain ;  but  thb  kind  turns  yellow  as  soon  as  exposed 

to  the  air.     Indeed,  it  is  apt,  in  general,  to  grow  yellowish,  and  to  contract  a 

rancid  fishy,  smell,  if  not  carefully  secured  from  the  air.    The  more  perfectly  it 

has  been  purified  at  first,  the  less  susceptible  it  is  of  these  alterations ;  and 

af\er   it  has  been   changed,  it  may  be  rendered  white  and  sweet  again  by 

steeping  it  afresh  in  a  ley  of  alkaline  salt  and  quicklime.  .  It  melts  in  a  small 

degree  of  heat,  and  congeals  again  as  it  cools. 

The  great  use  of  spermaceti  is  for  making  candles,  and  it  is  also  employed  in 
medicine.  Spermaceti  candles  are  of  modern  manufacture :  they  are  made 
smooth,  with  a  fine  gloss,  free  from  rings  and  scars,  superior  to  the  finest  wax 
candles  in  colour  and  lustre ;  and,  when  genuine,  leave  no  spot  or  stain  on  the 
finest  silk,  cloth,  or  linen. 

SPHERE.  A  solid  contained  under  one  uniform  round  surface,  sued  as 
would  be  formed  by  the  revolution  of  a  circle  about  the  diameter  thereof. 

SPHEROID.  A  solid  body  approaching  the  figure  of  a  sphere,  though  not 
exactly  round,  but  having  one  of  its  diameters  longer  than  the  other. 

SPINDLE.  A  term  synonymous  with  axis.  In  machinery  where  several 
axes  occur,  it  is  usual  to  denominate  the  subordinate  or  smaller  axes  spindles, 
as  in  cotton-spinning,  &c. 

SPINET.  A  musical  instrument  of  the  piano-forte  kind.  The  latter,  by  its 
improved  tones  and  construction,  has  superseded  the  manufacture,  and  almost 
wholly  banished  the  use  of  the  former.    See  Piano-forte. 

SPINNING.  The  art  of  combinine^  animal  or  vegetable  fibres  into  threads,  by 
twuiting  them  together,  as  in  cotton,  sUk,  wool,  flax,  hemp,  &c.  See  those  art  ides. 
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SPIRAL.  In  Geometry,  a  curved  line  of  the  circular  kind/ which  in  its 
progresi  recedes  fiurther  and  farther  from  a  point  within  called  its  centre. 

SPLICING.  The  process  of  joining  the  ends  of  a  rope  together,  or  to 
unite  the  end  of  a  rope  to  any  part  thereof,  hy  interweaving  the  strands  in  a 
regular  manner.  There  are  several  methods  of  splicing,  according  to  the  services 
for  which  it  is  intended,  all  of  which  are  distinguished  hy  particular  epithets. 

SPONGE.  A  marine  production  of  a  remarkably  porous  and  absorbent 
nature.  Its  property  of  readily  imbibing  almost  as  great  a  volume  of  water  as 
its  own  bulk,  and  as  readily  parting  with  it  by  compression,  renders  it  of  great 
utility.  The  best  is  of  a  light  colour,  free  from  stones  and  other  impurities,  very 
soft  and  elastic,  and  the  pores  or  holes  small.  It  is  chiefly  obtained  from  the 
Mediterranean,  about  the  shores  of  Turkey  and  the  Archipelago,  where  it  grows 
upon  the  roclu  at  considerable  depths  under  water.  To  bleach  sponge  and 
render  it  white,  it  is  soaked  repeatedly  in  fresh  water,  changing  the  fluid  several 
timet  a  day ;  and  at  the  end  of  five  or  six  dap  it  will  be  ready  for  bleaching. 
If  the  sponge  contains  pieces  of  shells,  chalk,  &c.,  which  cannot  be  extracted 
without  tearing  it,  the  sponge  must  be  soaked  for  twenty-four  hours  in  muriatic 
acid,  diluted  in  twenty  times  as  much  water,  which  will  cause  an  effervescence 
to  take  place,  and  carbonic  acid  to  be  liberated,  when  the  shells  and  chalk  will 
be  dissolved.  After  this  the  sponge  must  be  carefully  washed  in  fresh  water, 
and  then  immersed  for  seven  or  eight  days  in  a  weak  solution  of  sulphuric,  acid 
(specific  gravity  1.024),  occasionally  pressing  it  out  dry.  After  it  has  again  been 
perfectly  washed  and  cleaned,  it  may  be  sprinkled  with  a  little  rose-water,  to 
give  it  a  pleasant  smell. 

SPOON,  MedicaL  A  newly  invented  instrument  by  Mr.  G.  Gibson,  of  Bishops- 
gate  Street,  for  administering  medicine  to  patients,  especially  to  those  in  a 
recombent  position,  and  to  such  as  are  disposed  to  resist  the  taking  of  it.  This 
little  apparatus,  which  was  the  subject  of  an  honorary  medal  presented  by  the 
Society  of  Arts  to  the  inventor,  and  has  been  found  of  unspeakable  utility,  is 
represented  in  the  following  cut,  which  exhibits  its  form  so  obviously  as  to 


require  no  description  of  its  construction.  The  spoon  is  to  be  fiUed  at  the  hd 
(which  is  shown  as  open  in  the  figure),  and  the  thumb  being  then  placed  upon 
the  aperture  at  the  end  of  the  hoUow  handle,  the  medicine  is  prevented  from 
running  out,  until  the  spoon  is  secured  in  the  patient's  mouth ;  the  thumb 
being  Aen  removed,  the  medicine  flows  out  in  consequence  of  the  admission 

SPRING.  A  thin  blade  of  steel,  or  other  elastic  substance,  which,  being  bent 
or  wound  up,  serves  to  put  machinery  in  motion  by  iU  elasticity,  or  endeavour 
to  unbend  itself;  such  is  the  spring  of  a  watch,  clock.  &c.  The  mgenious  Dr. 
£dniund  Cartwright  observed  that  wooden  springs  (made  out  of  clean  red  deal) 
^thstood  better  than  steel  an  unrestrained  vibration.  Wood,  if  checked  in  ito 
wibration  by  a  stop,  is  much  more  liable  to  break  than  steel.    On  the  contrary, 
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if  tteel  be  not  checked  in  iti  continued  vibration  by  some  ttop  after  it  haaper- 
formed  its  required  action,  it  is  very  liable  to  break  or  take  a  eet  Dr.  CUt- 
wrigbt,  after  very  numerous  experimental  could  not  get  iteel  fpringi  to  ataod  in 
his  new  weaving  machinenr  by  power,  although  he  tried  the  beet  of  workmen 
and  the  best  of  materials ;  but  having  temporarily  substituted  wood,  he  fixtiid, 
to  his  agreeable  surprise,  that  thev  stood  admirably ;  and  at  the  end  of  Ibiir 
years  all  the  wooden  springs  whioh  hful  escaped  acciaents  were  ae  elioi^  and 
elastic  as  when  first  put  in  action, notwithstanding  they  made  ftom  forty loifty 
strokes  per  minute  during  that  period. 

SPRiNGES.  A  sort  of  noose  made  of  horse-hair  or  fine  wire,  whidi  ^n  tel 
in  hedges,  trees,  Sec,  to  ensnare  birds,  rabbits,  game,  &c 

SPRUCE  BEER.  A  cheap  and  wholesome  liquor,  which  is  tfaoi 
Take  of  water  sixteen  gallons,  and  boil  the  half  of  it.  Put  the 
boiled,  while  in  full  heat,  to  the  reserved  cold  part,  which  should  be  prevleiyiy 
put  into  a  barrel  or  other  vessel ;  then  add  sixteen  pounds  of  treacle  or  molMNi^ 
with  a  few  table  spoonsfiil  of  the  essence  of  spruce,  stirring  the  whole  wal 
together ;  add  half  a  pint  of  yeast,  and  keep  it  in  a  temperate  situatioii, 
the  bun^-hole  open  for  two  days,  till  the  fermentation  be  abated  :  tiien 

it  up  or  bottle  it  off)  and  it  will  be  fit  for  being  drunk  in  a  few  dajrs  after 

In  North  America,  and  perhaps  in  other  countries,  where  the  black  bdA  while 
spruce-firs  abound,  instead  of  adding  the  essence  of  the  spruce  at  the  aame  tone 
with  the  molasses,  they  make  a  decoction  of  the  leaves  and  small  faranehes  of 
these  trees,  and  find  the  liquor  equally  good.  It  is  a  powerful  antiaoorbatic^  and 
may  prove  useful  in  long  sea-voyages. 

SPURS.  A  goad  of  metal  attached  to  the  heels  of  horsemen  for  pricking  tlie 
sides  of  a  horse  to  increase  his  speed. 

STAIRCASE.   An  ascent  enclosed  between  two  walls,  or  a  baUastrade^ 
sistin?  of  steps  or  stairs,  with  landing-places  and  rails.   'Nicholson's  /Vi 
BuUaer  contains  a  good  selection  of  the  most  approved  constructimi  of 
cases. 

STARCH.  A  well-known  substance  extracted  from  wheaten  floor,  by 
washing  it  in  water.  All  farinaceous  seeds  afford  this  substance  in  a  greater  or 
less  degree ;  but  it  is  most  easily  obtained  from  the  flour  of  wheat,  by  moi 
any  quantity  with  a  little  water,  and  kneading  it  with  the  hand  mto  a 
paste ;  this  being  washed  with  water,  by  letting  fall  upon  it  a  very  al 
stream,  the  water  will  be  rendered  turbid  as  it  runs  off,  in  consequence  of  the 
fecula  or  starch  which  it  extracts  firom  the  flour,  and  which  will  subside  when 
the  water  is  allowed  to  stand  at  rest  The  starch  so  obtained,  when  dried  in  die 
sun,  or  by  a  stove,  is  usually  concreted  into  small  masses,  which  have  a  fine 
white  colour,  scarcely  any  smell,  and  very  little  taste.  If  kept  dry,  starch  in 
this  state  continues  a  long  time  uninjured,  although  exposed  to  the  air.  The 
inferior  and  refiise  wheat  is  usually  employed  for  manufacturing 
starch ;  but  when  the  finest  starch  is  required,  good  grain  must  be  used. 
being  well  cleaned,  and  sometimes  coarsely  bruised,  is  put  into  wooden 
full  of  water,  to  ferment :  to  assist  the  fermentation  the  vessels  are  ezpoeed  to 
the  greatest  heat  of  the  sun,  and  the  water  is  changed  twice  a  day,  during  eight 
or  twelve  days,  according  to  the  season.  When  the  grain  bursts  easfly  under 
the  finger,  and  gives  out  a  milky  white  liquor  when  squeezed,  it  is  judged  to  be 
sufficiently  softened  and  fermented.  In  this  state  the  grains  are  taken  out  of 
the  water  by  a  sieve,  and  put  into  a  canvass  sack,  and  the  husks  are  sepamted 
and  rubbed  off  by  beating  and  rubbing  the  sack  upon  a  plank :  the  sack  ia  then 
put  into  a  tub  filled  with  cold  water,  and  trodden  or  beaten  tfll  the  water 
becomes  milky  and  turbid,  firom  the  starch  which  it  takes  up  fW>m  the  grain. 
A  scum  sometimes  swims  upon  the  surface  of  the  water,  which  must  be  eare- 
fully  removed ;  the  water  is  then  run  off  through  a  fine  sieve  into  a  settling 
vessel,  and  fresh  water  is  poured  upon  the  grains,  two  or  three  times,  till  it  wiO 
not  extract  any  more  starch,  or  become  coloured  by  the  grain.  The  water  In 
the  settling  vessels,  being  left  at  rest,  precipitates  the  starch,  which  is  held  soi- 
pcnded ;  and  to  get  rid  of  the  saccharine  matter,  which  was  also  dissolved  by 
the  water,  the  vessels  are  exposed  to  the  sun,  which  soon  produces  the 
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fennentatton,  and  takes  up  such  matter  as  renders  the  starch  more  pure  and 
white.  When  the  water  becomes  completely  sour,  it  is  poured  gently  off  from 
the  starch,  which  is  washed  several  times  afterwards  with  clean  water,  and  at 
lait  is  plaoed  to  drain  upon  ^linen  cloths,  supported  by  hurdles,  and  the  water 
drips  tnrough,  leaving  the  starch  upon  the  cloths,  in  which  it  is  pressed  and 
wnmgf  to  cktract  as  much  as  possible  of  the  water;  and  the  remainder  is 
traporated  by  cutting  the  starch  into  pieces,  which  are  laid  up  in  airy  places, 
upon  a  floor  of  plaster,  or  of  slif  htly  burnt  bricks,  until  it  becomes  completely 
dried  from  oil  moisture,  partly  nrom  the  access  of  warm  air,  and  partly  by  the 
foor  imbibing  the  moisture.  In  winter-time,  the  heat  of  a  stove  must  be 
nqfdojed  to  effect  the  drying.  Lastly,  the  pieces  of  starch  are  scraped  to 
naaowe  the  outside  crust,  which  makes  infenor  starch,  and  these  pieces  are 
brafeen  into  smaller  pieces  for  sale.  The  grain  which  remains  in  the  sack  after 
Am  atareh  is  extracted  contains  the  husks  and  the  glutinous  part  of  the  wheat, 
vhich  are  found  very  nutritious  food  for  cattle. 

Starch  does  not  dissolve  in  cold  water,  but  very  soon  falls  to  powder,  and 
ftnna  with  it  a  kind  of  emulsion.  It  combines  with  boiling  water,  and  forms 
wUb  it  a  thick  paste.  Linen  dipped  into  this  paste  acquires,  as  is  well  known, 
a  gnat  degree  of  stiflbess.  Wnen  the  paste  is  allowed  to  cool,  it  assumes  the 
ftna  of  a  semi-transparent  jeUy,  which,  when  dried  by  artificial  heat,  becomes 
Mtlle;,  and  assumes  an  appearance  not  unlike  that  of  gum.  Hence  it  is  sup- 
WMMd  that  starch,  by  being  boiled  in  water,  undergoes  a  certain  degree  of 
deeomposition,  which  brings  it  nearly  to  the  state  of  gum.  When  this  paste  is 
Idk  eiqposed  to  damp  air  it  soon  loses  its  consistency,  acquires  an  acid  taste, 
and  its  surface  is  covered  with  mould.  Starch  is  so  far  from  dissolvine  in 
airoihftl,  even  when  assisted  by  heat,  that  it  does  not  even  fall  to  powder.  The 
aetioo  of  the  mineral  acids  upon  starch  we  have  not  space  to  detail ;  we  there- 
fat  xefer  the  reader  to  l/re*8  Dictionary  for  information  thereon.  The 
aikalifff  dissolve  starch,  but  their  action  has  not  been  examined  with  care.  In 
pare  potass  it  swells,  and  assumes  the  appearance  of  a  transparent  jelly.  In  this 
■late  the  solution  is  soluble  in  alcohol.  When  starch  is  thrown  upon  a  hot  iron, 
il  meUiy  blackens,  froths,  smells,  and  bums  with  a  bright  flame  like  sugar, 
f^ittmg  at  the  same  time  a  great  deal  of  smoke ;  but  it  does  not  explode,  nor 
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laa  it  tEe  caromel  smell  which  distin^ishes  burning  suear.  When  distilled,  it 
|isUa  water,  impregnated  with  an  acid  supposed  to  be  the  pyromucous,  a  little 
cnpyreamatic  oil,  and  a  great  deal  of  carbonic  acid  and  carburetted  bydrogen 
Um  charcoal  which  remains  is  easily  dissipated  when  set  on  fire  in  the 
air*—- a  proof  that  it  contains  very  little  earth.  Barley-grain  consists 
entirelv  of  starch ;  not,  however,  in  a  state  of  perfect  purity.  In  the 
of  malting,  which  is  nothing  else  than  causing  the  barley  to  begin  to 
B,  a  great  part  of  the  starch  is  converted  into  Bum.  During  this  process 
gas  IS  absorbed,  and  carbonic  acid  gas  is  emitted.  Water,  too,  is  abso- 
Ij  necessary ;  hence  it  is  probable  that  it  is  decomposed,  and  its  hydrogen 
ined.  Starch,  then,  seems  to  be  converted  into  sugar  by  diminishing  the 
■mpottioii  of  its  carbon,  and  increasing  that  of  its  hydrogen  and  oxygen.  Its 
Mulatioii  shows  us  that  it  contains  no  other  ingredient  than  these  three. 
flindli  m  contained  in  a  great  variety  of  vegetable  substances,  most  commonly 
itk  iStuSat  seeds  or  bulbous  roots,  but  sometimes  also  in  other  parts.  Indeed  the 
nnmber,  if  not  the  whole,  of  the  vegetable  seeds  employed  by  man  as 
of  food  consists  chiefly  of  starch.  But  that  substance  is  always 
with  some  other  which  serves  to  disguise  its  properties,  such  as  sugar, 
dBi$  aEtncti^e,  &c  It  is  only  by  processes  similar  to  those  described  in  the 
W|iiiiiiiig  of  this  article,  that  it  is  extracted  from  these  substances  in  a  state  of 
loCtalile  purity.  Starch  may  be  made  from  potatoes,  by  soaking  them  about 
an  lioiir  in  water,  and  taking  off  their  roots  and  fibres,  then  rubbing  them  ouite 
fkm  by  a  strong  brush ;  after  this  they  are  reduced  to  a  pulp,  by  grating  them 
tl  water ;  bat  wnen  this  is  attempted  in  a  large  way,  some  kind  of  mill  must  be 
ipti  to  reduce  them  to  a  pulp,  as  the  grating  of  them  by  hand  is  too  tedious  an 
tntfatiffn  A  complete  miU  for  this  purpose  is  described  under  the  article 
BkaLft. 
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STATICS.  A  branch  of  mathematics  of  which  the  object  is  the  doctrine  of 
weight  or  gravity,  and  the  motion  of  bodies  arising  from  it.  In  this  kim^ 
Statics  is  a  particular  branch  of  mechanics.  Some,  however,  define  Statics  to  be 
the  doctrine  or  theory  of  motion  in  general ;  and  Mechanics,  the  applicatioa  of 
that  tJieory  to  machines.     See  the  article  Mechanics. 

STEAM.  The  term  generally  employed  to  designate  water  in  its  elastic  fans, 
at  or  above  the  temperature  of  212^   ft  is  at  present  applied  to  many  ecoocmieil 
purposes,  as  well  as  in  various  manufactures,  independent  of  its  importnt 
office  in  the  steam-engine.     In  order  to  make  water  boil,  the  fire  mot  be 
applied  to  the  bottom  or  sides  of  the  vessel  which  contains  it :   if  the  heat  be 
applied  at  the  surface  of  the  water,  it  will  waste  away  without  bdling,  becsoK 
the  superficial  particles,  bv  imbibing  the  heat  necessary  to  render  them  elside^ 
fly  off  without  agitating  the  rest;  but  when  applied  to  the  lower  sorikce of tbe 
water,  the  bubbles  which  are  formed  at  the  bottom  rise,  and  give  off  their  bat 
to  the  incumbent  mass,  and  then  disappear  by  collapsing :  the  distances  wbich 
they  reach  before  collapsing  increase  as  the  water  continues  to  warm  flnther 
up  the  mass,  till  it  breaks  out  into  boiling  on  the  surface.     If  the  handle  of  t 
tea-kettle  be  grasped  with  the  hand,  a  tremor  will  be  felt  for  some  litde  time 
before  boiling,  arising  from  the  little  succussions  which  are  produced  hy  tbe 
collapsing  of  the  buboles  of  vapour.    This  is  much  more  violent,  and  is  nsDf 
a  remarkable  phenomenon,  if  we  suddenly  plun^  a  lump  of  red  hot  inn  into 
a  vessel  of  cold  water,  when,  if  the  hand  be  apphed  to  the  side  of  the  vewi  i 
most  violent  tremor  is  felt,  and  sometimes  strong  thumps ;  these  arise  fion  tbe 
collapsing  of  very  large  bubbles.     The  great  resemblance  of  this  tremor  to  tte 
feeling  experienced  during  the  shock  of  an  earthquake  has  led  many  to  tajipm 
that  these  last  are  produced  in  the  same  way ;  and  the  hypothesis  is  by  oobmsbi 
unfeasible. 

The  following  propositions  have  been  generally  assumed  by  certain  antboritifi 
as  correct  data : — 

1.  A  cubic  inch  of  water  forms  a  cubic  foot  of  steam,  when  its  elasticd|jr  a 
equal  to  30  inches  of  mercury. 

2.  One  poimd  of  Newcastle  coal  will  convert  seven  pounds  of  bcaliiig 
into  steam. 

3.  The  time  required  to  convert  a  given  quantity  of  boiling  water  into  i 
is  six  times  that  required  to  raise  it  from  the  freezmg  to  Uie  boiling  poio^  tf 
fh>m  32®  to  212®,  supposing  the  supply  of  heat  to  be  uniform. 

4.  When  a  quantity  of  water  is  exposed  to  a  given  temperature,  ih^ipM/Aj 
of  steam  formed  in  a  given  time  will  be  as  the  surface,  all  other  thinss  beiv 

equaL    '^ '^      *"    '     '     •  '  -         ..     .  -  .     ^ 

each 

time 

formly  of  the  same  temperature.     When  the  force  of  vapour  is  30  inches^  la^ 

the  temperature  at  212®,  this  degree,  being  just  preserved  only  the  4^ 

e7aporated,  is  1.3  inch  in  one  hour. 

6.  When  a  quantity  of  water  is  raised  to  the  boiling  point,  or  212®,  it  reqam 
as  much  heat  to  give  it  the  elastic  form  as  would  raise  the  same  water  900* 
higher.  If  its  volume  were  not  changed  by  the  heat ;  that  is,  if  it  codd  be 
prevented  from  expanding,  its  temperature  would  become  11 12^  with  die  mtt  1^ 
quantity  of  caloric :  thus,  agreeably  to  fact  3,  the  heat  required  to  coovdtvikr 
of  212®  into  steam  is  six  times  that  required  to  raise  the  temperatme  tarn  3? 
to  212o.     See  also  Steam-Enoine,  power  of, 

STEAM-ENGINE.  A  machine  wrought  by  the  force  obtained  fhaa  ik  1^ 
expansion  and  contraction  of  the  steam  of  boiung  water,  and  empkjcd « s  1^ 
first  moving-power  to  other  machines.  MS 

Among  the  innumerable  contrivances  of  man  to  administer  to  the  natsslift  K 
and  to  augment  the  luxuries  of  life  by  mechanical  agency,  none  certamlr  bsiv  1^ 
proved  more  directly  and  extensively  valuable  than  the  steam-engine.  Um  1H 
peat  discoveries  have  been  made,  involving,  indeed,  a  higher  dmee  of  isl*'  IS 
lectual  power  in  the  cognizance  of  matter,  its  laws  and  propertieTw  weD««  1^ 
moie  vaned  ingenuity  as  regards  construction  and  mo^  of  q^^catioo;  4*  1^ 
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ship  with  her  accessories,  and  the  degree  of  knowledge  required  to  conduct  her 
throughout  a  distant  and  perilous  voyage ;  the  art  m  printing,  widi  its  loftier 
import  to  moral  and  mental  culture ;  the  lens,  hy  which  we  are  enahled  to  soar 
into  the  boundless  regions  of  space,  or  scrutinise  the  countless  myriads  of 
ammated  beings  whose  existence  the  unassisted  vision  had  never  else  discovered  j 
the  curious  and  beautiful  devices  of  analytic  chemistry:  these,  and  other  fabri- 
cations of  man's  inventive  faculty,  have  been  severally  adduced  as  a  grander 
exhibition  of  intelligence  than  the  steam-engine  of  itself  affords.  But  esti- 
mating the  importance  of  causes  by  their  consequences,  this  invention  must 
mrely  be  regarded,  if  not  as  the  very  proudest,  at  least  as  one  of  the  proudest 
monuments  of  mental  conception. 

The  stupendous  effects  which,  during  the  short  period  of  one  century,  have 
resulted  from  the  application  of  this  power,  are  striking  attestations  of  the  value 
of  the  labours  employed  in  the  invention.  By  the  agency  of  steam,  the  seas 
■re  now  navigated  in  defiance  of  winds  and  tides ;  the  earth  made  to  yield  up 
tn  lavish  abundance  its  metal  and  mineral  treasures;  vast  marshes  are  drained, 
md  land,  before  barren,  rendered  fruitful ;  communities  are  brought  into  closer 
annexion  with  communities;  fresh  and  inexhaustible  sources  of  wealth  and 
eomfort  are  ^cited;  new  combinations  of  human  industry  and  ingenuity 
brought  into  requisition ;  knowledge  is  widely  scattered  abroad  by  the  extension 
if  letters;  distance  is  leaned  by  velocity  of  locomotion;  and  time  itself 
become  more  precious  and  invaluable.  Thus,  by  infinitely  enlanring  the  sphere 
if  useful  action  to  whatsoever  was  usefid  before,  and  by  mfiusing  among 
nfllions  what  previously  was  attainable  only  by  ihe  few,  it  has  wrought  a 
dbange  of  aspect  in  kingdoms,  in  commerce,  and  the  individual  relations  of 
KKsiety,  to  an  extent  so  wide,  and  in  a  tune  so  brief,  too,  that  the  history  of  the 
vmid  afibrds  no  parallel  to  it  in  influence.  Personal  loss  and  injury  to  a  large 
dmtB  of  industrious  artificers  may  have  arisen  from  the  employment  of  steam 
lower,  (the  substitution  of  any  mechanical  power  for  human  labour  is  always 
Mttiially  attended  with  this  calamity ;)  yet,  painful  as  the  fact  is,  the  amount 
if  temporary  suffering  so  caused  must  not  be  put  into  the  scale  with  the  pro- 
^fpaoM  advantages  mankind  in  the  mass  will  mevitably  derive  from  that  sub- 
litatioii.  The  numane  but  short-sighted  policy  of  tnoee  who  object  to  the 
team-engine  on  this  accoimt  must  not  be  permitted  to  cripple  its  advantages 
bom  a  mere  visionary  apprehension  of  an  evil  supposed  to  be  irremediable. 
rhe  advantages  of  the  few  must  always  yield  to  the  advantages  of  the  many. 
inft  are  means  to  requite  the  injury  so  produced  beyond  reach  ? — ^they  may  not, 
leriiAps,  be  readily  seen,  yet  they  nevertheless  exist:  invariably  does  some 
cCxibutive  good  spring  from  what  is  at  first  considered  an  irreparable  wrong, 
■d  the  balance  becomes  again  restored  by  other  operations  of  the  same  cause 
rlneh^or  a  brief  season  partially  disturbed  it.  If  the  materials  which  nature 
mm  supplied  to  engage  the  genius  and  industry  of  men  were  neariy  used  up, 
bcOy  indeed,  there  might  be  some  ground  for  alarm ;  but  she  is,  and  must  ever 
ontuiae  to  be,  inexhaustible.  Every  improvement,  every  novelty  in  science, 
r  In  art,  is  the  fertile  parent  of  new  wants ;  new  demands  give  burth  to  new 
cq^lies ;  and  every  advancing  step  taken  in  the  endless  field  before  us  leads 
D  to  some  fresh  advantage  once  hidden  from  our  view,  requiring  new  energies 
md  new  labours,  and  amply  compensating  for  the  partial  mischief  such  advances 
ave  oecasioned. 

It  is  not  only  as  a  prime  mover  that  the  importance  of  the  steam-engine  is 
I  be  regarded ;  collateral  branches  of  mechanical  art  have  grown  out  of  it, 
'liicliy  in  their  reciprocating  effects,  have  contributed  much  to  its  influence ;  and 
MBS  ao  illimitable  is  its  adaptability,  and  so  obedient  to  control,  that  it  can  be 
roagbt  alike  to  rend  rocks  asunder,  or  to  weave  into  delicate  fabrics  the  fragile 
ifcad  of  the  silk-worm ;  accomplishing  marvels  in  the  diversified  ranges  of 
MUiuiacture,  with  such  ease,  precision,  and  celerity,  that  the  very  fictions  of 
m  enchantment  seem  but  the  type  and  symbol  of  its  potency.  Aa  the  im- 
iwrements  made  from  time  to  time  in  its  structure  and  operations  have  led  to 
nprovements  in  its  application,  and  as  it  is  daily  advancing  in  simplicity  and 
mtAe^on  by  the  contributions  of  the  learned  theorist  and  the  practical  artisan, 
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no  limits  can  be  assigned  to  the  sphere  of  its  usefulness,  nor  can  conjecture 
measure  the  amount  of  benefit  wnicb,  directly  and  indirectly,  must  accrue  to 
society  from  its  extended  emplo3rment, — at  least  until  some  greater  or  chei^er 
power  be  discovered,  whenever  that  may  happen. 

The  power  of  the  tteam-engine  is  derived  from  two  causes :  first,  from  the 
property  of  water  to  expand  itself  in  bulk  under  the  action  of  heat ;  and, 
secondly,  from  the  sudden  reduction  (whilst  in  this  expanded  state)  to  its  original 
bulk  upon  the  application  of  cold. 

Water,  when  neated  to  the  boiling  point  (212°  of  Fahrenheit's  thermometer), 
remains  no  longer  liquid,  but  assumes  the  aeriform  and  highly  elastic  state  of  steam 
[see  article  Steam]  ;  and  if  whilst  in  this  state,  and  contained  in  a  closed  vessel, 
H  is  submitted  to  the  action  of  still  more  highly  increased  heat,  it  becomes  yet 
more  rarefied,  and  exerts  an  increased  pressure  on  the  sides  of  the  vessel  cor- 
responding to  the  degree  of  heat  applied  to  it.  This  degree  of  beat  may  be 
augmented  until  the  pressure  of  the  steam  overcomes  the  strength  or  resistance 
of  the  vessel,  and  bursts  it  in  pieces.  A  power  is  thus  positive^  obtained  by 
the  force  of  pressure  from  within. 

The  application  of  any  cold  body  to  steam  again  restores  it  to  its  original 
condition  of  water  by  condensation  ;  and  a  power  is  negtUively  obtained 
from  this  property  by  the  force  of  pressure  from  without  If  a  small 
quantity  of  water  be  brought  to  the  boiling  point  in  a  weak  vesse],  and  the  air 
which  it  contained  be  allowed  to  escape,  so  that  its  capacity  shall  be  entirely 
filled  with  steam  alone,  the  condensation  of  steam  by  cooling  will  reduce  the 
water  to  its  oripnal  volume,  and  leave  a  void  in  the  vessel  equal  to  the  space 
previously  filled  with  air.  The  pressure  of  the  atmosphere  (very  nearly  fifteen 
pounds  to  the  square  inch)  will  then  exert  itself  upon  the  external  sides  of  the 
vessel,  which,  if  too  weak  to  resist  such  a  force,  will  become  necessarily 
crushed  together.  Again  :  if  the  vessel  be  of  a  cylindrical  figure,  closed  at  the 
bottom,  and  its  open  top  fitted  with  a  movable  piston  (in  contact  with  tlie 
water  partially  filling  the  cylinder),  the  piston  will  be  raised  as  the  steam 
becomes  generated ;  now,  if  before  the  piston  arrives  at  the  top,  the  fire  be 
removed,  and  cold  be  applied  to  the  sides  of  the  cylinder,  the  steam,  becoming 
thereby  condensed,  leaves  a  void  which  is  instantly  filled  up  by  the  descent  of 
the  piston  acted  upon  by  the  atmosphere  pressing  upon  its  exposed  surface 
without 

Whatever  may  be  the  construction  of  a  steam-engine,  every  modification  of 
it  derives  its  power  from  one  or  other  of  these  two  principles,  or  from  both  in 
combination. 

The  two  tables  given  for  greater  perspicuity  in  the  next  page — the  first  being 
the  result  of  a  series  of  experiments  made  by  Dr.  Dalton,  the  second  supplied  by 
the  Royal  Academv  of  France,  in  their  report  upon  the  comparative  degtees  of 
safety  between  high  and  low  pressure  engmes — are  inserted,  as  being  not  only 
essential  to  the  working  engineer,  but  interesting  to  the  general  inquirer :  they 
differ  in  no  very  material  point  with  other  calculations  that  have  been  made,  and 
are  quite  near  enough  to  be  adopted  as  a  standard  for  guidance  in  practical 
operations. 

The  origin  of  this  inventton  became,  long  ago,  a  matter  of  earnest  inquiry ; 
the  conception  and  contrivance  of  a  machine  of  such  rare  importance 
becoming  points  of  great  interest  to  the  scientific  world.  Posthumous  fame, 
though  it  may  be  a  stirring  incentive  to  the  living,  is  of  little  consequence  to 
the  dead*;  still  it  is  a  creditable  sentiment  to  desire  to  render  homage  where  it 
is  truly  due,  and  to  invest  with  honour  the  names  of  those  who,  by  their  illua- 
trious  acts,  really  deserve  it  But  where  nations  themselves  become  exalted  by 
tiie  achievement  of  an  individual,  that  sentiment  is  often  accompanied  by  unbe- 
coming prejudices,  which  warp  the  judgment,  and  convert  the  enquirer  into  a 
jealous  partisan.  Sharp  controversies  are  originated  and  maintained  in  an 
unbrotherly  spirit,  and  truth,  already  mystified  by  the  veil  of  time,  becomes 
more  difilicult  of  attainment  than  ever  by  the  very  efforts  of  the  disputants 
themselves. 

French  writers  afiirm  that  to  theur  country  belongs  the  glory  of  first  inven- 


STEAM-ENGINES. 


691 


TABLE 

CftheExptnuwe  Force  of  Steam  when  contained  m  a  cloted  Fetsel,  taken  at  every 
10' of  Temperature  from  212*  Fahrenheit,  (the  Boiling  Point,)  up  to  320". 


Pressure  of  Steam,  or  the 

Force  which 

Atmosphere,  *«iien  the  Barometer  is 

it  will  exert  to  enter  into  a  vacuous  | 

at  80  Inches,  or  the  Force  it  will  ex- 

TSKF. 

Fahr. 

Space. 

ert  to  escape  f^om  the  dosed  Vessel 
into  the  open  Air. 

Column 

Column 

Pressure 

Column 

Column 

Pressure 

of 

of 

per 

of 

of 

per 

Mereurf. 

Water. 

Square  Inch. 

Mercury. 

Water. 

Square  Inch 

Jttckti, 

Ft,  In. 

Lbt.  On. 

Jmeket. 

Ft.   In. 

Lbt.  On. 

212 

30. 

33  11 

14  11 

The  Steam 

equal  to  the 

atmosph. 

220 

35. 

39     6 

17      1 

5. 

5     7 

2    7 

230 

41.75 

47    2 

20     7 

11.75 

13    4 

5  13 

240 

49.67 

56     1 

24    4 

19.67 

22    3 

9  10 

250 

58.21 

65    9 

28    8 

28.21 

31  11 

13  14 

260 

67.73 

76    6 

33    2 

37.73 

42    8 

18    8 

270 

77.85 

87  11 

38     1 

47.85 

54     1 

23    7 

280 

88.75 

100    3 

43     7 

58.75 

66    5 

28  13 

290 

100.12 

113     1 

49    0 

70.12 

79    3 

34    6 

300 

111.81 

126    4 

54  12 

81.81 

92    6 

40    2 

310 

123.53 

139    6 

60    8 

93.53 

105     8 

45  14 

320 

135. 

152    6 

66     1 

105. 

116    5 

51     7 

Elasticity 

Height  of  Mercury 

Temperature 

Pressure 

in 

in 

of 

per  Square  Inch,  in 

Atmosphere. 

Inches. 

Fahrenheit. 

lbs.  Avoirdupois. 

1 

29.92 

212. 

14.61 

H 

44.88 

234. 

21.92 

2 

59.84 

251.6 

29.23 

3 

89.76 

275. 

43.84 

4 

119.69 

293.4 

58.46 

5 

149.61 

309.2 

73.07 

6 

179.53 

322.7 

81.69 

7 

209.45 

334.4 

102.30 

8 

239.37 

• 

343.4 

116.92 
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tion ;  English  authorities  deny  the  claim,  and  insist  that  it  belongs  to  thein. 
Others,  on  the  contrary,  refuse  it  to  both;  and,  referring  to  the  disclosures  made 
in  the  works  of  scientific  men  who  existed  in  remote  times,  pronounce  judg- 
ment, some  in  favour  of  £g}'pt,  and  some  of  Italy ;  whilst,  in  reality,  the  steam- 
engine,  growing,  as  it  has  done,  in  gradual  formation  and  perfection,  under  the 
contributions  of  men  of  genius  living  in  different  countries  and  at  difierent 
periods,  may  in  strictness  be  regarded  rather  as  the  elaboration  of  an  age  than 
as  the  sole  product  of  any  one  master-mind. 

The  first  person  we  find  in  the  records  of  antiquity  now  open  to  us  as  an 
experimentalist  upon  steam,  is  Hero  the  Elder,  the  son  of  a  Greek,  settled  at 
Alexandria,  who  nourished  about  130  years  before  the  Christian  era.  In  his 
work  entitled  Spirilalia,  he  describes,  among  other  ingenious  machines,  three 
modes  in  which  steam  mieht  be  employed  as  a  mechanical  power : — to  raise 
water  by  its  elasticity ;  to  elevate  a  weight  by  its  expansive  force  ;  and  to  pro- 
duce a  rotatory  motion  by  its  reaction  on  the  atmosphere.  Toy-like  as  tbey 
appear,  they  deserve  illustration. 

I^,  1.  On  the  lid  of  the  box,  or  cistern  a, 
containing  water,  Hero  placed  a  globe  c, 
also  partly  so  filled  ;  a  pipe  e  rises  from  the 
cistern  into  the  globe.  Another  pipe  i  pro- 
ceeds from  the  globe,  terminating  over  a 
vase  m,  and  the  vase  itself  communicates 
with  the  cistern  by  a  pipe  n.  When  the 
sun-beams  fall  on  the  globe,  they  heat  the 
water,  and  raise  vapour ;  this,  by  its  expan- 
sion, forces  the  water  through  the  syphon  i, 
which,  trickling  into  the  vase  m,  is  again 
conducted  by  the  pipe  n,  placed  within  it, 
into  the  cistern.  When  the  sun-beams  are 
withdrawn,  and  the  surface  of  the  globe 

cooled  by  the  surrounding  air,  the  vapour  within  is  condensed,  and,  by  this 
means,  a  void  is  left  in  its  upper  part :  the  pressure  of  the  atmosphere  now 
forces  the  water  in  the  cistern  up  the  pipe  e,  to  replenish  it ;  and  the  same 
operation  of  forcing  water  commences,  when  the  sun's  rays,  falling  on  the  sur- 
&ce  of  the  globe  again,  heat  its  contents.  Here,  almost  under  any  circum- 
stances, the  effect  could  have  been  hut  trifling ;  but  in  the  second,  Fig.  2,  where 

/V-2. 


the  heat  from  a  lamp  or  fire  is  substituted  in  the  place  of  that  proceeding 
from  the  sun,  the  power  would  not  only  be  more  available,  but  less  hypotheticaL 
A  caldron  a  has  a  pipe  c,  (arising  from  its  lid)  shaped  at  its  upper  end  cup-wise^ 
for  holding  the  ball  or  hollow  sphere  o.  A  fire  being  made  under  the  caldron, 
the  steam  rising  from  the  water  which  it  contains  flows  through  the  pipe,  and 
lifts  up  the  ball  placed  in  i  to  a  height  proportioned  to  the  force  of  the  steam. 
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ftg.  3  (howi  the  mode  by  which  a  small  globe  ii  made  to  revolve  on  iCi  axi*. 
Fwo  pIpM,  a  c,  each  having  its  upper  extremity  bent  towardt  the  other,  rise 
rom  ^e  cover  of  the  caldron  o;  one  of  thete,  o,  acta  merely  as  a  pivot,  the 
>ther,  a,  couducta  Bteem,  raised  in  ibe  boiler,  into  the  hollow  globe  i.  This  it 
uipended  between  them  by  baving  the  steam-pipe  a  inieited  into  it,  and  ia 
[ept  in  its  position  by  the  pivot  formed  at  the  end  of  the  opposite  pipe  e.  Two 
■allow  pipes  n,  also  bent  at  right  angles  at  their  extremitiea,  are  inserted  at  the 
uTciunlerence  of  the  globe,  and  form  a  communication  between  the  caldron 
ind  the  atmosphere.  Heat  being  applied  to  the  bottom  of  the  caldron, 
he  steam  iisuing  through  the  vertical  pjpe  a  into  the  globe  >  thence  finds  an 
sit  from  the  arms  n,  and,  by  the  reaction  of  the  air,  makes  the  ^lobe  revolve 
a  its  axis  with  great  celerity,  "as  if  it  were  animated  from  within  by  a  living 
yirit." 

Here,  then,  do  we  Snd  the  two  properties  of  steam,  expanalon  and  contrac- 
km,  recognised  and  applied  almost  two  thousand  years  previously  to  the  time 
/  their  being  availed  of  for  any  efficient  purpose.  Scientific  baubles,  to  be 
re  these  contrivances  ;  but  in  them  we  have  the  undoubted  germs  of  the 
_  )wer  which  its  present  modification  permits.  Hero,  in  his 
DO,  professes  to  have  made  himself  acquainted  with  the  works  of  his 
irs  and  contemporaries,  and,  admiring  their  simple  ingenuity,  and 
mwilling  that  auch  fine  inventions  should  perish  or  he  overlooked,  deacribea 
ben,  that  they  may  be  better  and  more  generally  understood.  So  that  these 
'ery  projiertiei  of  steam  may  have  been,  and  probably  were  known  long  prior 
9  the  fune  in  wliich  he  flouriahed. 
Tbe  neit  attempt  of  which   history  apprises  us,   to  reduce   steam   to   aa 

eDt  of  power,  is  described  in  a  work  by  Solomon  de  Caus,  an  eminent 
neb  mathema^cian  and  engineer,  puhlialied  in  1615,  entitled,  La  Raitau 
et  Fitrca  Koummiei  ante  divtri  Dtiieiiu  <U  Fontaint,  The  fallowing  descrip- 
<Ki  will  explain  the  principle  of  his  device. 

The  caldron  a  is  furnished  with  two 
[pM,  b  t,  the  latter  of  which  reaches 
•■rlj  down  to  the  bottom  of  a.  The 
tft  b  is  fiimiahed  with  a  cock  J  and 
uuiel  e.  Tbe  vessel  being  nearly  filled 
ith  water,  and  tbe  cock  d  shut,  fiie  is 
pplied,  aa  in  Hero's  vessel  Fig.  2,  and 
n  steam,  pressing  on  the  surface  of  the 
rater,  forces  up  the  lowermost  portion 
hrough  the  tube  «  to  a  height  propor- 
ioned  to  its  temperature.  Thia  is,  cer- 
wly,  another  step  in  advance  ;  but 
without  wishing  to  disparage  the  iiige- 
wiity  of  De  Cans,  it  may  ho  doubted 
'helher  tbe  notion  is  really  hia  own ; 
'<*  in  his  dedicatory  address  to  the 
PrsQcb  king,  be  invitea  Hia  Majesty's 
"pecial  attention,  not  ao  mnch  to  effect 
■^oduced  by  this  operation  of  the  ateam, 
'to  his  happy  device  of  increasing  the 
">*>  influence  on  his  apparatua  hy  the 
'^*tvoution  of  the  lens — a  Charcot  fire 
'>ag  far  too  simple  an  afikir  to  catch  bis 
gards.  He  was  well  aware  that  the 
"^■n  generated  from  hoiliflg  water 
[CKme  condensed  into  its  pristine  state 
Water  on  being  cooled,  and  to  "  juste- 
*nt  la  mesne  quantit^;"  but  the  know- 
'*Ke  of  this  fact  appears  to  have 
'**oked  no  further  ipeculatioii  in  bis 


De  Cam'i  Engine,  1615, 
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In  1629  Branca,  an  Italian  architect  and  engineer,  published  a  book,  in 
which  he  describes  a  novel  application  of  steam.  His  illustration  is  ingenious 
and  pretty  ;  for,  substituting  the  human  head  and  face  in  lieu  of  the  cover  of 
Hero's  caldron  (as  shown  in  the  cut),  he  conducts  a  tube  to  and  beyond  the 
lips  of  the  figiire  through  which  the  steam  passes,  and  acts  on  the  vanes  of  a 
wneel  that  b  thus  made  to  revolve  on  its  axis  by  the  impetus  of  the  escaping 
steam,  and  so  give  motion  to  other  wheels  connected  therewith.  This  certainly 
conveys  the  first  published  idea  of  employing  steam  as  a  prime  mover ;  bat 
whilst  one  writer  is  disposed  to  concede  to  him  the  merit  of  a  first  suggestion, 
another,  again,  regarding  his  book  as  containing  a  collection  of  machines 
invented  by  others,  assumes  it  to  be  ''an  idea  of  which  he  is  only  the  mere 
illustrator."  It  is  obvious  that  the  force  obtained  firom  steam  so  applied,  would 
be  very  slight,  even  had  the  notion  been  carried  into  practice. 

It  will  have  been  seen,  then,  from  this  hasty  narration,  that  up  to  this 
period, — Branca's  publication,  in  1G29, — none  of  the  experiments  made  with 
steam  had  led  to  a  conception  of  its  gigantic  capabilities  ;  nor,  subsequent  to 
that  date,  until  up  to  the  middle  of  the  seventeenth  century,  have  we  any  further 
records  of  its  advances. 

We  now,  however,  arrive  at  a  new  and  memorable  epoch  in  the  history  of  the 
engine ;  namely,  the  experiments  and  disclosures  made  by  the  Marquess  of 
Worcester,  about  the  middle  of  the  seventeenth  century.  In  1663  that 
nobleman  published  his  extraordinary  book,  the  Century  of  Inventhns, 
giving  a  brief  account  of  one  hundred  devices  of  his  inventive  genius.  Amongst 
these  inventions,  (numbered  68,)  appears  the  description  of  a  fire  water^tpork, 
which  is  here  transcribed.  \^Notc.  llie  original  manuscript  of  this  work, 
written  in  the  year  1655,  is  now  preserved  in  the  British  Museum.] 

**  An  admirable  and  most  forcible  way  to  drive  up  water  by  fire ;  not  by 
drawing  or  sucking  it  upwards,  for  that  must  be  as  the  philosopher  calleth  it 
intra  apharam  activitatU,  which  is  but  at  such  a  distance.  But  this  way  hath  no 
bounder,  if  the  vessel  be  strong  enough  ;  for  I  have  taken  a  piece  of  a  whole 
cannon,  whereof  the  end  was  burst,  and  filled  it  three  quarters  full  of  water, 
stopping  and  screwing  up  the  broken  end,  as  also  the  touchhole,  and  making  a 
constant  fire  under  it ;  within  twenty-four  hours  it  burst,  and  made  a  great 
crack  :  so  that,  having  a  way  to  make  my  vessels,  so  that  they  are  strengthened 
by  the  force  within  them,  and  the  one  to  fill  after  the  other,  I  have  seen  the 
water  run  like  a  constant  fountain-stream,  forty  feet  high  :  one  vessel  of  water, 
rarefied  by  fire,  driveth  up  forty  of  cold  water,  and  a  man  that  tends  the  work, 
is  but  to  turn  two  cocks,  that  one  vessel  of  water  being  consumed,  another 
begins  to  force  and  refill  with  cold  water,  and  so  successively,  the  fire  being 
tended  and  kept  constant,  which  the  self-same  person  may  likewise  abundantly 
perform  in  the  interim  between  the  necessity  of  turning  the  said  cocks." 

It  may  be  supposed  that  the  Marquess,  with  a  mind  so  ardently  disposed  to 
mechanical  projects,  had  made  himself  acquainted  with  the  attempts  of  his 
predecessors  to  employ  steam  as  a  motive  force ;  it  is  plain,  however,  that  be 
must  have  made  advances  and  discoveries  upon  the  subject  far  beyond  those  of 
other  philosophers  who  had  gone  before  him.  He  speaks  of  his  contrivance  as 
a  power  inherently  without  bounder,  and  only  limitable  by  the  weakness  of  the 
vessels  that  confine  it.  Its  vaslness  and  docihty  to  human  control  (of  which  no 
experimenter  before  his  time  ever  appeared  to  have  considered),  were  evidently 
well  appreciated  by  him,  and  must  have  been  demonstrated  to  him  by  practical 
results.  This  assumption  is  supported  by  the  manuscript  prayer  found  after  his 
death  among  his  lordship's  papers,  entitled  by  him,  '*  The  Lord  Marquess  of 
Worcester's  ejaculatory  and  extemporary  Thanksgiving  Prayer,  when  first  with 
his  corporal  eyes  he  did  see  finished  a  perfect  trial  of  his  water-commanding 
engine,  delightful  and  useful  to  whomsoever  hath  in  recommendation  dther 
knowledge,  profit,  or  pleasure." 

Unless  the  Marquess's  veracity  is  doubted,  it  is  pretty  clear,  therefore,  that  an 
engine  (rude  of  contrivance  it  may  be,)  was  actually  constructed  by  him  to  raise 
water  by  the  repellant  power  of  steam.  He  speaks  of  having  "  seen  the  watn 
run  like  a  constant  fountain-stream;"   and  of  the   force  produced,  and  its 
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nt— "■■tream/oriv/eet  A^A  ;  one  renel  of  water  rarefied  br  firedraweth 
drtf  meonires  of  cold  water."     "  His  harhtg  a  aag  lo  make  hii  veweli,"  lo 

they  are  otrengthened  by  the  force  within  them,  wid  the  ooe  to  R11  after  the 
r,  ii  not  to  be  regarded  u  the  conjecture!  of  an  ardent  mind,  merely 
nae  the  reaulls  of  hu  experiments  are  declared  lo  be  coniequent  upon  the 
e  of  conttruction  j  "lo  that  having  a  way,  I  have  Bceni"  and  an  on.  Many 
npt*  bare  been  made  to  reduce  the  meaning  of  thii  celebrated  deicription 

•one  appreciable  form ;  but  ai  it,  like  the  greater  part  of  hii  other  detcrip- 
(,  U  (perhaps  purposely)  myiterioua,  designed  rather  to  provoke  attraction 
I  lo  afford  a  dear  conception  of  a  great  mecbaniGat  invention,  do  wonder 
I  attempts  have  been  mostly  unsatiafactory.  The  "forcing and  refilling,"  and 
"ttrengthening  of  a  veasel  by  the  force  within,"  would  seem,  when  taken 
n  unrestricted  senae,  to  be  manifest  absurdities,  and  no  conjecture  yet  ofTered 

nifiiced  to  explain  awav  the  error  which  bis  inexplicit  announcement 
rejt.  An  illiiitration  of  his  poiaible  meaning  has  been  offered  by  a  writer 
,  Galloway)  on  this  subject  in  the  following  figure  and  description. 
'  GalhiBay  and  Ilrberl'i  H'ulory  and  Pmgrea  of  the  Steim-trtgine.') 


ITie  Manpiea  of  Woreattr't  Engi 


n  Ihii  figure  a  represents  the  boiler,  composed  of  arched  iron  plates,  with 
r  eaartx  sidei  turned  inwardi;  tbey  are  fastened  at  the  joinings  by  bolts 
inc  thnnigh  boles  in  their  sides,  which  also  pan  through  the  ends  of  the 
ijs  s,  a  series  of  which  rods  extend  from  end  to  end  of  the  boiler,  being  a 
iacbet  apart.  The  eiids  of  the  boiler  are  hemispherical,  nnd  are  fastened 
«ngM  on  the  plates  hkhh.     It  will  be  evident  that,  each  plato  being  an 
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arch,  before  the  boiler  can  burst,  several,  if  not  nearly  all  the  rods  ti,  must 

either  be  pulled  asunder  or  torn  from  the  bolts  at  the  points  of  jiinction ;  snd  ts 

the  strength  of  the  rods  and  bolts  may  be  increased  to  any  extent,  vithoot 

interrupting  the  action  of  the  fire,  there  can  be  no  doubt  that  a  boiler  miglit  be 

so  constructed  as  to  be  perfectly  safe  under  any  pressure  which  could  be  reqund 

for  raising  water  to  a  given  height,  because  the  pressure  in  such  a  boikr  will 

never  exceed  the  weight  of  a  column  of  water  equal  in  height  to  the  eletstioD 

of  the  cistern,     b  c  represent  two  vessels,  which  communicate  with  the  boikr  s, 

by  means  of  the  pipes//,  and  three  way-cocks  m  ft,  and  with  the  reservoir  ftm 

which  the  water  is  to  be  drawn  by  the  pipes  I L    gg  are  two  tubes,  tbroofli 

which  the  water  is  elevated  to  the  cistern ;  they  reacii  nearly  to  the  bottom  of 

the  vessels  b  c,  and  are  open  at  each  end.   The  pipe  ^  as  well  as//commiiiiicate 

with  the  vessels  6  c  by  means  of  the  three  way-cocks  m  n,  which,  by  mofiog  tlie 

handles  op,  can  be  so  placed,  that  either  the  steam  from  the  boiler,  or  the  vater 

from  the  reservoir,  shall  instantly  have  access  to  the  vessels  h  c. 

Fire  having  been  kindled  under  the  boiler  a,  in  the  furnace  d^  **  the  man  *^ 
tends  the  work  "  places  the  cock  n  in  the  position  represented  in  the  drswiof, 
when  the  water  will  have  fi^e  access  from  the  reservoir  to  the  vessel  c,  wliich 
being  filled,  the  handle  p  is  turned  back,  so  that  the  cock  shall  be  relatirdy  is 
the  position  shown  at  m  ;  the  steam  then  fairly  enters  through  the  {npe  /  iato 
the  vessel  c,  and  having  no  other  mode  of  escape  presses  on  the  smrince  of  tbe 
water,  which  it  forces  up  tlirough  the  pipe  g.  During  this  operation,  (tke 
cock  tn  having  been  placed  as  shown  at  n)  the  vessel  h  is  filling  from  the 
reservoir,  through  the  pipe  /  ;  so  that  the  water  in  the  vessel  e  being  eoosoiBcd, 
the  man  turns  the  handle  o  of  the  cock  p,  and  admits  the  steam  on  the  sor&ee 
of  the  wuter  in  ^,  shutting  off,  by  the  same  operation,  the  commmiiestioe 
between  h  and  the  reservoir ;  the  other  then  begins  to  repeat  the  ad  nfjl^ 
the  cUiem,  **  and  so  successively,  the  fire  being  tended  and  kept  constant** 

This  conjectural  device  may  serve  to  convey  an  idea  of  the  Marqnea'i  sn- 
biguously-described  invention.    No  model  or  drawing  of  Uie  apparatos  actulhr 
~roposed  by  him  has  been  discovered,  so  that  any  attempt  at  explanation  iiiii^ 
e  left  entirely  to  the  imagination,  assisted  as  it  now  is  by  Uie  aiscoveries  mb- 
sequently  made;  beyond  the  mere  announcement  conveyed  in  the  68lh  item  of 
his  century,  the  labours  of  the  Marquess  upon  the  power  of  steam  were  iBbii' 
sically  valueless,  excepting  in  so  far  as  they  may  have  stimulated  soeeeedfaf 
experimenters.     He  unquestionably  conceived  a  great  design,  and  dedared  to 
execution,  but  he  lef^  no  beacon  for  their  guidance  and  assistance :  he  was  cfi* 
dently  a  man  of  much  knowledge  and  ingenuity;  but  the  ^iparent  extraragaDOCi 
scattered  throughout  his  work,  coupled  with  the  bombast  and  obscmi^  of  !■> 
expression,  must  have  excited  sceptical  doubts,   and  given  sanctioB  to  Ae 
suspicion  tiien  entertained  of  his  capacity  to  realize  his  schemes.    Scvenl  d 
them  appeared  to  be  in  direct  opposition  to  the  rules  of  science  then  eatdiliM 
and  well  understood,  and  his  account  partook  too  much  of  the  marv^ooi,  tv 
win  the  confidence  of  his  learned  contemporaries,  or  thatpublic  enceurygt 
which  he  importunately  solicited,  but  failed  to  obtain.     'Die  Cemimy  ef  /bh»- 
tions  was  published  three  years  after  the  formation  of  the  Royal  SocKty,  tti 
during  the  time  of  Mr.  Boyle,  Dr.  Hooke,  Dr.  WaUis.  Sir  Chrktopher  WifS, 
Sir  Isaac  Newton,  and  other  persons  iUustrioi^  for  their  leamine  and  puSm^ 
so  that  he  had  not  to  complain  of  the  ignorance  of  the  age  in  whidi  be  fiisi 
whatever  might  have  been  its  prejudices.     It  is  not  surprising,  theiifoe^  dii^ 
with  such  pompously  announced  and  unintelligible  projects,  he  should  defbtlsi 
own  object  to  obtain  public  patronage,  nor  that  he  ahould  have  been  ctbijiH** 
the  "  fantastic  mechanic,''  which  Walpole  caDs  him. 

Nevertheless,  his  account  of  the  *<  fire-water  work"  must  be  taken  as  the  int 
veritable  record  of  the  steam-engine,  as  at  least  a  power  ^vitkeut  baamder, 
its  author  be  ascribed  the  honour  of  suggesting  it  as  such. 

In  1683  Sir  Samuei.  Morland,  the  son  of  a  Baronet  of  the  saae 
submitted  to  Louis  XIV.,  of  France,  a  contrivance  for  raising  water  by  the  ail 
of  steam.     No  record  remains  of  his  apparatus,  but  as  the  account  mm  If 
him  in  his  manuscript,  among  the  Harleian  papers,  affords  ample  ewnceoi 
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lufl  knowledge  as  to  the  application  and  force  of  steam,  it  is  but  just  to  include 
it  in  this  sketch.  It  is  written  in  the  French  language,  and  may  be  thus 
Imislated* 

'^Tlie  principles  of  the  new  power  of  fire,  invented  by  the  Chevalier  Morland 
in  the  year  1682,  and  presented  to  his  most  Christian  Majesty,  1683.-*Water 
being  evaporated  bv  the  power  of  fire,  the  vapour  shortly  acquires  a  greater 
■pace  (near  2000  tunes)  than  the  water  occupied  before ;  and  were  it  to  be  al- 
ways confined,  would  burst  a  piece  of  cannon.  But  being  well  regulated  accord- 
ing to  the  laws  of  gravity,  and  reduced  by  science  to  measure,  to  the  weights 
and  balance,  then  it  carries  its  burdens  peaceably,  (like  good  horses,)  and  thus 
becomes  of  great  use  to  mankind,  particularly  for  the  elevation  of  water,  ac- 
eording  to  the  following  table,  which  marks  the  number  of  pounds  which  may  be 
raised  1800  times  per  hour,  by  cylinders  half  full  of  water,  as  well  as  the  different 
diameters  and  depths  of  the  said  cylinders." 

The  tables  need  not  be  given,  but  his  calculations  upon  the  force  of  steam  are 
▼ery  correct,  and  evidently  the  result  of  great  care. 

hi  1698,  Captain  Thomas  Savert  obtaint^d  a  patent  for  a  new  invention  for 
raising  water  and  occasioning  motion  to  all  sorts  of  mill-work,  by  the  impellant 
force  of  fire ;  and  the  patent  states  that  the  invention  will  be  of  great  use  for 
draining  of  mines,  serving  towns  with  water,  and  for  working  all  sorts  of  mills. 
Previously  to  the  date  of  this  patent,  he  had  erected  several  machines,  of  which 
an  account  is  given  by  him  in  a  book  entitled  The  Miner's  FrUnd,  published 
in  1702;  and  in  June,  1699,  he  showed  a  working  model  of  his  engine  to  the 
Royal  Society ;  and  in  their  Tramactions  for  tliat  year  (No.  253,  Vol.  XXI.) 
there  appears  the  following  regbter : — 

"  Mr.  Savery,  June  14th,  1699,  entertained  the  Royal  Society  with  showing 
n  snail  model  of  his  engine  for  raising  water  by  the  help  of  fire,  wliich  he  set 
to  work  before  them ;  the  experiment  succeedea  according  to  expectation,  and 
to  their  satisfaction." 

This  is  accompanied  by  a  copper-plate  figure,  with  references,  by  way  of  de- 
aeription,  from  whence  it  appears  that  the  engine  then  shown  by  Captain  Savery 
was  for  raising  water  not  only  by  the  expansive  force  of  steam,  like  the  Mar- 
^piesa  of  Worcester's,  but  also  by  the  comdentation  of  iteam,  the  water  being  first 
niaed  by  the  pressure  of  the  atmosphere  to  a  given  height  from  the  well  into  the 
•igine,  and  tnen  forced  out  of  the  engine  up  the  remaining  heieht,  by  the  ex- 
pansive force  of  steam,  in  the  same  manner  as  proposed  by  the  Marquess.  This 
iMBtion  was  performed  edtemately  in  two  receivers ;  so  that  while  the  vacuous  space 
temed  in  one  was  drawing  up  water  firom  the  well,  the  pressure  of  the  steam  in 
tiie  other  was  forcing  up  water  into  the  reservoir ;  but  both  receivers  being  sup- 
■iied  by  one  suction-pipe  and  one  forcing-pipe,  the  engine  could  be  m&e  to 
seep  a  continual  stream,  or  so  nearly  so,  as  to  suffer  very  little  interruption.^ 

Ae  foUewing  figure  and  description,  nearly  in  Savery's  own  words,  wUl  illus- 
Inie  the  nature  ofhis  engine. 

Tlie  first  thing  is,  to  fix  the  engine  in  a  good  double  fiumace,  so  contrived  that 
tiie  flame  of  your  fire  may  circulate  round  and  encompass  your  boilers,  as  you  do 
ettppeis  for  brewing.  Before  you  make  any  fire,  unscrew  G  and  N,  beine  the 
tiro  small  oou^e  ptpes  and  cocks  belonging  to  the  two  boilers ;  and  at  the  holes 
fln  L,  the  Large  boiler,  two-thirds  full  of  water,  and  D,  the  small  boiler,  quite 
fUL  Then  screw  on  the  said  pipes  again,  as  fast  and  as  tight  as  possible.  Then 

a  lit  the  fire  at  6,  and  when  the  water  in  L  boils,  open  the  cock  of  the  first  ves- 
i  ^j  (shown  in  section,)  which  makes  all  the  steam  rising  from  the  water  in  L, 
]MMS  with  irresistible  force  through  O  into  P,  pushing  out  all  the  air  before  it 
dirough  the  clack  R ;  and  when  all  is  gone  out,  the  lx>ttom  of  the  vessel  P  will 
be  very  hot ;  then  shut  the  cock  of  the  pipe  of  this  vessel,  and  open  the  cock  of 
tbe  other  vessel  P,  until  that  vessel  has  discharged  its  air  through  the  clack  R 
np  the  force-pipe  S.  In  the  mean  time,  a  stream  of  cold  water  [supplied  by  a 
pq»e  connected  with  the  discharging  pipe,  but  not  shown  in  the  cut, J  has  been 
Blade  to  pass  over  the  outside  of  the  vessel  P,  whichy  by  eondenting  the  tteam 
mUkin^  a  vacuum  or  emptiness  is  created ;  so  that  the  water  from  the  well  must 
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and  will  necenarily  rise  up  through  the  luckiniMupe,  fcut  offbclow  M,)  liftiiw 
up  the  clack  M,  and  filling  the  veael  P.  '         ■« 

The  lirat  vessel  P  being  thus  emptied  of  in  air,  open  the  cock  a^n,  and  ths 
force  or  Bleam  from  the  boiler  preases  upon  the  surface  of  the  water  with  an 
elatlic  quality  like  air,  alill  iucreasing  in  elaaticitv  or  spring,  till  it  coonterpoisei 
or  rather  exceeds  the  weight  of  water  ascending  m  the  pipe  S,  out  of  wki^  the 


contained  water  will  be  immediately  dincharged  when  once  gotten  to  the  top, 
which  takes  up  some  time  to  recover  that  power;  hut  having  once  got  it,  and 
being  in  work,  it  is  easy  for  one  that  never  saw  the  engine,  aner  half  an  hour's 
experience,  to  keep  a  constant  stream  running  out  the  full  bore  of  the  pipe.  On 
the  outside  of  (he  vesiel  you  may  see  how  the  water  gora  out,  as  well  aa  if  the 
ressel  were  transparent ;  for  as  tkr  as  the  steam  continues  within  the  vesael,  to 
far  is  the  vessel  dry  witliout,  and  so  very  hot  as  scarcely  to  endure  the  least  touch 
of  the  hand.  But  as  far  as  the  water  is,  the  said  vessel  wilt  be  cold  and  wet  when 
any  water  has  fallen  on  it,  which  cold  and  moisture  vanish  MfaatastheBteaiii,in 
its  descent,  takes  place  of  the  water;  but  if  you  force  all  the  water  out,  the  steam, 
or  a  small  part  thereof,  going  through  P,  will  rattle  the  clack,  so  aa  to  give 
sufficient  notice  to  change  the  cocks,  and  the  steam  will  then  begin  to  force  upon 
the  other  vessel,  without  the  least  alteration  in  the  stream ;  only  sometime*  the 
■tream  of  water  will  be  somewhat  stronger  than  before,  if  you  change  the  cocka 
before  any  considerable  quantity  of  steam  be  gone  up  the  clack  R :  but  It  ia 
better  to  let  none  of  the  steam  go  off,  for  that  is  losing  so  much  strength,  and 
is  easily  prevented  by  altering  the  cocka  tome  little  time  before  the  veaael  it 
emptied. 

The  wood-cut  represents  two  reservoir^  PP,  designed  fbr  altenuiU  ictioa ;  1h« 
tube  E  conveys  water  from  the  discharging  pipe,  to  re[denish  the  boiler  L,  when 
the  water  in  it  begins  to  be  almost  consumed;  and  this  is  done  by  keeping  D 
supplied  with  water,  and  (lighting  the  fire  at  B)  generating^  a  sufficiency  of 
steam  to  press  the  water  into  L,  through  the  pipe  K.  This  will  conrey  • 
tolerably  correct  idea  of  Savery's  engine,  and  the  mode  of  its  operation.  Ho 
gives  no  proportions  of  its  parts,  nor  perhaps  had  he  established  any  rule  of 
He  appears  to  have  considered  the  strennh  of  his  machine  to  be  the 
'     "  1  wiU  raite  you  water  300  cr  1000 


only  limit  to  be  observed ;  *'  for,"  *ays  he,  '' 
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^hf  could  you  find  us  a  way  to  procure  strength  enough  for  such  an 
le  weight  as  a  pillar  of  water  of  that  height.  But  my  engine,  at  60,  70,  or 
,  raises  a  full  bore  of  water  with  much  ease." 

structure  of  this  engine  presents  a  good  deal  of  rude  and  primitive 
ity ;  but  at  all  events,  his  claims  to  original  invention,  in  applying  ihe  two 
»rces  of  steam — its  expansion  and  contraction — and  in  presenting  the 
rith  the  first  effective  steam-engine,  under  this  combination,  are  of  the 
class.  These  claims  begat,  as  might  be  supposed,  a  good  deal  of 
on ;  and  Savery  has  been  assailed  with  much  more  severity  than  justice, 
lits  of  an  article  of  this  kind  will  not  admit  of  a  detailed  narration  of 
icks  brought  against  his  reputation  as  an  inventor;  it  is,  however, 
It  to  notice,  that  Dr.  Desaguhers  accuses  him  of  plagiarising  the  ideas  of 
Worcester;  and  in  support  of  this  alleged  act  of  dishonesty,  broadly 
him  with  buying  up  and  destroying  all  the  copies  of  the  Marquess's 
But  it  will  have  been  seen  that  the  account  therem  given  of  the  "  fire- 
work," rather  contains  more  to  puzzle  than  to  enlighten  the  mechanic, 
the  mere  annoimcement  of  steam  in  its  expansive  state  being  available 
fective  mechanical  force.  Not  a  word  implies  the  action  of  steam  under 
ttion,  which  constitutes  the  chief  merit  of  Savery 's  invention,  (apart  from 
lit  of  having  constructed  and  published  a  working  engine) ;  nor  is  there 
otest  suggestion  conveyed  for  the  fabrication  of  a  machine  similar  to  that 
the  Marquess  vaguely  described.  The  evidence  as  to  buying  up  the 
)f  his  lordship's  work  is  exceedingly  slender ;  but  if  it  were  undeniable, 
1  attest  but  a  venial  act  of  personal  vanity  on  Saverv's  part, 
accusation,  however,  is  important  to  Savery 's  fame,  by  indirectly 
ing  his  claims  to  originality ;  for,  at  the  same  period  that  he  was 
ting  his  efforts,  Dr.  Denys  Papin,  a  Frenchman  of  considerable  eminence, 
^ed  in  experiments  and  attempts  of  a  similar  tendency.  Savery  could 
the  Marquess's  books,  but  he  could  not  buy  up  Papin,  nor  the  results  of 
ilosopher  s  speculations,  originated  by  the  Marquess  of  Worcester. 
1  had  invented  a  mode  of  softening  bones,  by  submitting  them  to  the 
»f  steam  of  high  temperature,  in  a  boiler  or  digester,  which  ultimately  led 
the  consideration  of  steam  as  a  motive  force.  In  1685,  he  exhibited  a 
of  a  machine  for  raising  water,  and  "  propounded  it  as  a  riddle,  to 
those  that  are  ingenious  in  the  same  kind  of  learning,  and  make  them 
aetimes  better  things  than  what  is  propounded."  He  subsequently  gave 
ption  of  this  mode^  from  which  it  appeared  that  the  water  was  raised  by 
ig  the  air  in  the  vessel  into  which  it  was  impelled,  by  the  pressure  of  the 
lere  on  the  water  in  the  cistern.  The  moae  by  which  be  rarefied  the 
carefully  concealed.  In  two  of  the  solutions  given,  the  same  effect  was 
»d  by  condensing  it  Though  a  person  of  great  reputation  in  England, 
not  successful  in  his  attempts  to  obtain  encouragement  in  carrying  his 
ions  into  effect  In  1687  he  was  employed  to  erect  machines  constructed  on 
eiple,  for  draining  mines ;  but  the  result,  as  predicted  by  Dr.  Robt.  Hooke 
ers,  was  an  entire  failure.  After  a  number  of  ingenious  plans  proposed 
entiy,  and  the  application  of  gunpowder  for  producing  a  vacuumj  he  at 
conceived  the  possibility  of  effecting  the  object  in  view,  namely,  draining 
by  means  of  condensing  steam  in  a  cyhnder,  and  so  producing  the 
.  be  had  in  vain  essayed  to  form  by  other  modes, 
e  description  given  by  him,  he  proposes  to  withdraw  the  fire  from  the 
usy  after  it  had  generated  the  steam  therein,  in  order  that  the  air  shall 
t  cylinder,  and  condense  the  steam.  Here  then  was  Papin  hovering  upon 
»hold  of  a  mighty  discovery,  and  forsakine  it  as  soon  as  reached !  Fine 
lay  now  consider  this  idea  to  be,  firom  its  close  approach  to  the  principle 
m  in  the  steam-engine,  we  cannot  justly  esteem  it  as  more  tnan^  the 
;t  opinion  of  a  talented  man,  launched,  probably,  as  a  "  riddle  "  for 
o  tolve.  Frustrated  in  his  prior  attempts  to  execute  the  proiects  of  his 
broughout  a  long  career  of  experimentmg,  he  seems  to  have  hesitated  on 
f  rerge  of  success ;  this,  surely,  he  had  never  done,  if  he  could  have 
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persuaded  himielf  ihal  tlir  heUef  lie  llieti  put  Toiib  in  the  ponible  conlcivmcc  of 
a  miLcbine  on  tbis jirincriplc,  nece  well-grouiideil.  Mere  visionary  icheniing  i* 
a  very  diflerenl  affair  from  that  of  etFecloaling  a  well  conceived  dcsi^ ;  and 
Uiis  undigested  ibought  detracts  uatliing  from  the  merit  duo  lo  Savery  for 
having  likewise  conceived  it,  and  given  lo  the  world  evidence  of  iij  value,  by  iu 
practical  adaptation.  Papin  narrowly  escaped  the  accoinpliihment  of  a  great 
discovery,  and  nothing  more  ;  and  in  saying  this,  let  it  not  be  guppOBcd  tbat  »e 
estimate  liglitly  the  great  talents  he  unquestionably  displayed  ;  he  was  a  man  of 
high  celebrity,  and  much  estimated  by  his  learned  contemporaries.  Thtongh 
Leibnitz  he,  at  asubsequent  period,  became  apprised  of  Savery  a  aucee».  That  ceb- 
brated  person,  on  his  return  to  Germany,  forwarded  to  him  a  copy  of  the  Milur't 
Friend,  and  desired  to  have  Papin's  opinion  on  its  merit.  Then  it  wai  that 
Dcnys  became  incited  to  recur  to  his  former  notion  ;  acting  under  the  palronaga 
and  with  the  assistance  of  the  Landgrave  of  Hesse,  he  subsequently,  in  1707, 
produced  the  engine  known  by  I'apin's  name.  From  the  following  deacriptioQ 
and  figure,  it  wiU  be  seen  to  differ  moat  esaentioUy  from  Savery's,  to  which,  after 
all,  it  IS  far  inferior,  as  wc"  ■ '-' ' 


eis    \fi\  rn  I. ::._:■--;      ^  „ 


Dr.  Papiii't  Engine,  1707. 


The  boiler  a  has  a  pipe  b,  closed  by  a  lever  valve,  through  whioh  it  b  mp- 
plied  with  water;  the  pipe  d  connects  it  with  the  forcing  vessel /!  s  ia  an  iron 
cylinder,  lying  in  a  cavity  made  in  a  hollow  floater,  and  which  may  be  inserted 
through  the  orifice  ff,  made  in  the  top  of  tlie  forcing  vesiel,  and  closed  by  a  valve 
which  is  kept  in  its  position  by  a  weight  hung  on  the  end  of  the  lever,  x,  a 
funnel,  through  which  water  is  introduced,  and  closed  by  a  cock  h;  the  pine  i 
u  a  Gontiuualion  of  the  forcing  vessel/,  and  is  inserted  in  the  reservoir  and  air 
vessel  m.  o,  a  pipe  conducting  the  water  which  has  been  forced  into  the  ait 
vessel,  lo  ita  destination. 

Tlic  iteam  from  the  boiler  a,  flowing  through  the  pipe  d,  presses  the  floatlDg 

! listen  downwards,  and  the  water  beneath  itffs  thus  forced  up  the  pipe  t  into  the 
i>rcing  vtssel  m  ,-  when  the  floating  piston  ha*  reached  the  limit  of  iti  nioir»> 
tneitt,  the  cock  d  is  turned,  to  shut  off  the  fiirther  flow  of  steam  into  the  tbrcing 
ves«el,  and  the  vapour  is  allowed  lo  escape  from  /,  by  llie  cock  e ;  at  the  aauM 
moment  the  valve  A  is  turned,  which  allows  the  water  in  the  feeder  z  lo  flow 
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into  /,  and  ratee  up  the  piston,  the  water  in  k  being  prevented  from  descend- 
ing, by  the  valve  placed  near  its  bottom.  The  opening  in  the  lid  of  the  forcing 
Teasel,  closed  by  the  lever  valve  g,  is  for  the  purpose  of  allowing  a  red  hot  iron 
cylinder  to  be  inserted,  in  order  to  increase  the  heat  of  the  steam  ;  by  the  water 
being  forced  into  the  receiving  vessel  m,  the  air  which  it  contains  is  compressed  ; 
and  this  is  to  give  a  greater  velocity  to  the  issuing  water. 

It  has  been  deemed  necessary  to  enter  into  these  particulars,  oecause  the 
French  authors  before  alluded  to,  who  have  treated  of  the  Steam- Engine,  ascribe 
to  Papin  and  Amontons  (his  contemporary,)  the  credit  which  appears  really  due 
to  Savery ;  of  whom  they  speak  as  a  person  who  merely  carried  into  execution 
the  ideas  originated  by  their  own  countrymen.  The  preceding  description  of 
liis  engine  will  serve  to  show  the  real  relation  which  the  one  engineer  Dears  to 
the  other.  To  Papin  belongs  the  sole  and  unqualified  merit  of  inventing  the 
safety  vahCf  without  which  the  steam  engine  had  been  a  frightful  and  unmanage- 
able power ;  and  this  alone  is  a  distinction  sufficient  to  secure  to  his  memory 
respectful  and  honourable  mention,  in  every  work  that  treats  of  the  history  now 
under  consideration. 

With  respect  to  M.  Amontons,  there  needs  be  no  more  said  than  that  the  con- 
trivance of  this  eminent  man,  known  by  the  name  of  Amontons'  '*  Fire- wheel," 
was  confined  to  the  production  of  circular  motion,  by  means  of  the  alternate 
dilatation  and  contraction  of  air^  and  not  of  the  steam  of  boiling  water ;  so  that, 
excepting  the  primary  cause  of  that  motion — fire — it  has  no  connexion  what- 
ever with  the  subject  of  steam ;  and,  ingenious  as  his  device  undoubtedly  is,  it 
warrants,  in  reality,  no  farther  allusion  in  this  place.  No  working  moael  ap- 
pears to  have  been  made  of  it,  and  the  computations  of  its  power  made  by  the 
inventor  are  merely  assumptive.  The  weight  of  M.  Amontons'  name,  therefore, 
adds  but  little  to  the  evidence  brought  forward  by  such  authorities,  to  establish 
the  claim  of  the  French  nation  to  the  honour  it  seeks,  in  thb  respect. 

Whilst  these  modifications  and  improvements  of  Savery's  engine  were  en. 
gaging  the  attention  of  skilful  mechanics,  Thomas  Nbwcomen,  ironmonger,  and 
John  Cawlbt,  glazier,  of  Dartmouth,  '  evon,  Baptuts^  were  employing  them- 
selves together  m  a  series  of  experiments  upon  the  power  of  steam.  Newcomen 
h  represented  to  have  been  an  acute  and  sensible  man,  of  great  inventive  skill, 
hut  possewed  of  little  scientific  knowledge.  We  sometimes  find  him  called  a 
"  blacksmith ;"  but  perhaps  the  term  did  not  at  that  period  imply  the  same  com- 
paratively humble  calling  as  it  mostly  does  at  this;  for  Dr.  Allen  makes  men- 
tion of  **  his  very  eood  friend,  the  ever-memorable  Mr.  Newcomen,  whose  death 
he  much  regretted ;"  and  from  these  terms  it  may  be  supposed  that  he  enjoyed 
that  rank  in  society,  and  the  regard  of  men  of  eminence,  beyond  the  mere  cold 
toleration  of  patronage,)  to  which  his  talents  entitled  him:  the  place  and  time 
ather  of  his  birth  or  death  are  alike  unknown.  It  is  not  stated  m  what  degree 
his  associate  Cawley  shared  in  the  merits  of  the  invention  introduced  in  Uieir 
|oint  names ;  it  would  seem,  however,  that  Newcomen,  of  the  two,  possessed  the 
niastei>mind,  for  Desaguliers  represents  him  as  communicating  his  project  to  his 
friend  and  associate  Cawley,  with  whom  he  made  several  experiments  in  the  year 
seventeen  hundred  and  ten.  The  account,  as  It  refers  to  date,  b  remarkable. 
At  the  time  when  Newcomen  and  Cawley  were  applying  for  a  patent,  Savery 
eame  forward  to  claim  the  invention  as  his  own,  on  the  ground  that  the  method 
of  procuring  a  vacuum  by  steam  was  his  discover}' ;  and,  probably  from  pru- 
ieotiai  considerations,  they  were  induced  to  make  a  concession,  for  Savery's  name 
w^M  included  with  theirs  in  the  grant,  though,  as  it  appears  in  the  sequel,  he  took 
DO  part  in  the  progress  of  their  labours,  beyond  that  of  participating  with  them  in 
tlie  profits  derived  from  the  invention.  Now,  the  patent  granted  to  them  in  their 
three  names,  for  this  very  invention,  bore  date  1 705,  Jive  yeart  anterior  to  the 
ime  Newcomen  and  Cawley  are  stated  by  Desaguliers  to  have  been  making 
**  several  experiments,"  (by  which  we  are  to  infer  the  initiatory  attempts  to  realize 
I  crude  notion,  rather  than  the  completion  of  a  machine  already  contrived,)  and 
^po  years  anterior  to  the  date  of  Papin's  engine.  And  here  it  may  be  men- 
loned,  that  the  French  authors  Iiave  also  claimed  this  engine  as  the  invention  of 
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their  countryman  Papin ;  but  without  any  argument  that  calls  for  paiticolv 
notice. 

The  atmospheric  engine  of  Newcomen  (for  it  ia  usually  designated  by  In 
name  alone)  was,  perhaps,  less  a  matter  of  original  discovery  than  of  a  combi- 
nation of  the  inventions  of  others ;  still,  much  fertility  of  thought  mm  dispUved 
in  applying  the  suggestions  of  his  predecessors  to  practical  purposes.  A  Jact 
connected  with  this  part  of  the  history  of  the  steam-engine  deserves  notice. 
Newcomen,  in  the  course  of  his  expenments,  applied  to  Dr.  Hooke,  a  man  of 

Seat  eminence  in  his  day,  and  well  acquainted  with  the  labours  of  Papin ;  the 
octor,  in  a  letter  to  Newcomen,  dissuaded  him  from  wasting  his  time  and  laboor 
in  any  attempt  to  produce  motion  on  Papin 's  plan  ;  and  the  letter  contains  this 
very  remarkable  expression,  **  could  he  (meaning  Papin, ^  make  a  speedj  va- 
cuum under  your  piston,  your  work  is  done."  Now,  this  expression  betrari 
either  great  ignorance  of  the  rapidity  with  which  steam  was  condensed  by  coo- 
tact  with  a  cold  body,  or  a  conviction  that  Papin  had  been  incapable  of  effec- 
tuating the  suggestions  he  claimed  as  his  own.  At  any  rate,  it  proves  that  the 
**  discoveries"  up  to  this  time  promulgated,  were  so  irreducible  to  practice,  by  the 
statements  given  of  them,  that  a  learned  theorist  doubted  the  possibility,  and 
acute  expenmentalists  had  been  unable  to  accomplish  the  means  of  making  those 
discoveries  available  to  any  efficacious  extent. 

This  discouragine^  opinion,  though  given  by  so  great  a  mechanic,  had  not  the 
effect  of  damping  tne  ardour  of  Newcomen  and  Cawley,  who,  still  acting  opoi 
the  same  leaning  idea,  arrived  at  an  application  and  result  totally  different 
Instead  of  deriving  their  power  from  the  force  of  steam  under  high  pretfore, 
their  object  was  to  make  tne  property  of  steam— contraction — subservient  to  the 
power  of  atmospheric  pressure,  to  act  under  more  approved  mechanical  arrange- 
ments. To  raise  the  piston  by  steam,  and  against  tne  atmospheric  pressure  on 
its  upper  surface,  the  vapour,  of  course,  required  to  be  of  a  temperature  con- 
siderably above  that  which  was  necessary  to  balance  the  atmospheric  colnmn ; 
and,  in  this  case,  the  elastic  force  of  the  agent  so  employed  became  the  pover, 
and  the  property  of  condensation  was  employed  as  a  simple  means  to  resuxt 
the  piston  to  its  first  position,  to  be  similany  operated  upon  afresh.  But  sop* 
posing  the  space  under  the  piston  to  be  filled  with  steam  at  212o,  sod  com 
water  applied  to  the  sides  of  the  vessel,  the  vapour  becomes  condensed,  aad 
the  column  of  air  resting  on  the  piston,  presses  it  to  the  bottom  of  the  nov 
empty  cylinder.  If  the  piston  be  attached  to  one  end  of  a  lever,  resting  oa  a 
fulcrum  in  the  centre,  it  is  clear,  that  the  fall  of  the  piston,  depressing  thai  cid 
of  the  lever,  must  elevate  the  opposite  end,  and  draw  up  Uie  weight  mufoM 
from  it.     Behold,  then,  the  outline  of  the  atmospheric  engine ! 

Note, ^^The  famous  Otto  Gueric«e,  in  his  Ejqternnemia  Magddmpnt 
(1672),  first  proposes  to  obtain  the  power  of  atmospheric  pretaure,  by  pmiMBBf 
a  vacuum  beneath  a  cvlinder ;  the  plan  he  devised  was  by  means  of  ■lli^ 
pump ;  but  the  labour  of  effecting  the  exhaustion  would  be  at  least  equal  iothsl 
of  any  work  which  could  be  performed  by  the  subsequent  descent  of  dv 
piston. 

The  figure  on  the  following  page  (an  ideal  construction),  will  perhapo  salt 
the  reader's  imagination. 

a  represents  the  boiler;  h  the  safety-valve;  c  the  cylinder,  open  at  tbetop^ 
but  closed  at  the  bottom,  in  which  there  are  three  holes,  dtf;  e  the  wtnpt 
for  steam  from  the  boiler ;  d  admits  a  jet  of  cold  water  from  the  resenroir  ^  fir 
the  condensation  of  the  steam ;  /  the  exit  passage  for  condensed  steam  aid 
water ;  h  the  piston,  working  air-tight  in  the  cylinder,  by  packing ;  i  Uis  besa 
or  loggerhead^  for  the  purpose  of  transmitting  the  motion  of  the  pbtoo  to  thi 
pumps  in  the  mine. 

A  sufficient  quantitv  of  steam  being  first  formed  in  the  boiler,  the  attead 

Ches  the  hanole  or  fever  which  he  holds,  down  to^',  which,  by  the  wheds 
d,  opens  the  cock  k,  and  allows  the  steam  to  enter  the  cylinder.    Hie  sH 
being  only  sufficient  to  equal  the  pressure  of  the  atmosphere,  will  not  of  'tuM 
lift  the  piston  and  loggerhead ;  it  is  therefore  necessary  that  soma  means  abouii 
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dopted  to  aid  iti  ascent.  Tliii  la  done  b;  meuu  of  tlie  weight  or  ctxuiter- 
e/;iothat  by  thefarceoftheitcamuidKTBrityaf  thecouDterpwie,  thepUton 
BYated  to  the  lop  of  the  cylinder,  and  force*  down  the  pump-rod  m  into  the 
ip  below.  When  thU  U  effected,  the  attendant  returni  the  handle  to  iti 
inal  poution  (ibown  in  the  cut),  which  prevents  the  admiuion  of  more  tteani 
I  the  bailer,  and,  at  the  lanie  time,  open*  the  cock  n,  lo  u  to  admit  a  amall 
ntitf  of  cold  water  from  the  reaerroir  g  into  the  cylinder ;  thii,  bj  diipening 
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f  among  the  iteam,  almoit  initantly  eondenxea  it,  lo  that  a  void  ii  at  once 
lined ;  and  the  preaaure  of  the  atmoaphere  meetjng  no  longer  with  reaiat- 
I,  pnaaes  upon  the  eitemal  lurface  of  the  piiton,  and,  by  ita  deacent  to  the 
am  of  the  cylinder,  rajiea  the  pump  bucket  in  the  mine.  The  handle  ia 
n  depreaaed  toj,  which  allowa  freah  ateam  to  enter  the  cylinder  and  elevate 
pialon  aa  before.  To  prevent  the  accumulatian  of  water  in  the  cylinder, 
eduction  pipe  d  ii  of  tuch  length  that  the  weight  of  a  column  of  water 
lin  it  eaceeda  that  of  a  columa  of  the  atmoaphere ;  ao  that  it  run*  off  by  it* 

ba  nature  of  atmoapberic  preiaure  is  so  well  undentood  at  the  preaent  day, 
a  minute  explanation  of  the  operationa  of  thia  engine  ia  unneceaaary;  but 
MBB*  in  the  firat  atagei  of  iti  ilructure  deaerve  observation. 
Im  prMRue  of  the  air  aeldom  exceeda  14|lb«.  per  tquare  incbi  and  nip- 
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posing  the  area  of  a  pUton  in  one  of  these  engines  to  have  been  100  inches^  il 
would  have  lifted  at  each  stroke  1475  lbs.  of  water  in  the  mine,  to  a  height  eqoal 
to  the  length  of  the  cylinder  in  clear  cavity.     But  an  enormous  deduction  from 
this  power  was  to  be  made,  especiallv  in  the  first  engine.  The  mode  of  effecting 
a  void  in  the  first  instance,  was  by  throwing  cold  water  on  the  cylinder  when 
.  filled  by  steam ;  at  a  subsequent  stage,  this  mode  was  abandoned,  and  the 
cylinder  was  surrounded  by  cold  water,  by  means  of  an  outer  cylinder  being 
adapted  to  it, — the  space  between  them  becoming  the  condensing  medium. 
Superior  as  this  latter  method  was  to  the  former,  the  result,  in  either  case,  was 
necessarily  attended  with  much  loss  and  inconvenience.     From  the  cylinder 
being  placed  above  the  boiler,  it  was  obviously  impossible,  in  the  original  con- 
trivance, to  protect  the  boiler  from  bein^  splashea  by  the  water  thrown  on  the 
cylinder,  and  so  far  cooled  as  that  a  considerable  portion  of  the  steam  therein 
must  have  been  itself  condensed  and  rendered  ineffective ;  and  in  the  improved 
means,  the  water  which  cooled  the  steam  became  likewise  heated  in  the  pro- 
cess, and,  consequently,  unfit  to  produce  the  effect  which  it  was  introduced  into 
the  concentric  space  to  perform.     The  formation  of  a  perfect  void,  even  then, 
could  neither  be  certain  nor  instantaneous.     When  the  void  was  imperfect,  the 
vapour  that  remained  in  the  cylinder  resisted  the  weight  of  the  atmospheric 
column ;  and  if  this  resistance  amounted  to  three  or  four  pounds  on  the  square 
inch,  so  much,  of  course,  was  to  be  deducted  from  the  total  pressure  of  the  air 
on  the  piston.  Besides,  the  water  from  which  the  steam  was  generated  contained 
more  or  less  air,  which  boiling  disengaged,  and  this  entered  with  the  vapour 
into  the  void,  when  made ;  the  steam  with  which  it  was  mixed  could  be  con- 
densed, but  not  so  the  air,  which,  remaining  in  the  cylinder,  prevented  the  fall 
of  the  piston,  by  filling  the  space  under  it  to  a  greater  or  less  extent ;  in  this 
condition  the  engine  was  called  wmdrlogged.     These  defects,  in  combination 
with  the  great  amount  of  friction  and  expenditure  of  time,  caused  necessarily 
a  vast  loss  of  power.  But  nevertheless,  the  great  superiority  of  the  atmospheric 
engine,  as  thus  contrived  by  Newcomen,  to  Savery 's  engine  (as  well  as  the  entire 
difference  in  respect  of  principle,)  will  be  at  once  seen.   Savery 's  was  really  an 
engine  which  raised  water  by  the  elastic /orc«  of  steam  ;  but  Newcomen's  effects 
that  object  by  the  pressure  of  the  atmosphere  alone,  steam  being  used  simply 
as  the  means  of  readily  forming  a  void  into  which  the  atmospheric  pressure 
impels  the  first  mover.    There  is,  besides,  in  this  engine,  none  of  the  danger 
incident  to  the  use  of  a  highly  elastic,  and,  in  Savery's  engine,  not  easily 
manageable  force ;  and  as  the  heat  required  is  considerably  less,  so  also  is  the 
quantity  and  the  expense  of  fuel.    The  power,  too,  of  the  atmospheric  eneine, 
is  almost  boundless,  beine  restricted  only  to  the  strength  of  the  materiius  of 
which  it  is  composed ;  and  the  form  of  it  renders  it  applicable  to  almost  every 
mechanical  purpose,  by  converting  the  reciprocating  motion  of  the  working 
beam  into  a  motion  of  any  required  kind ;  which,  fti  Savery's  engine,  waa  not  to 
promptly  attainable. 

By  sheer  accident  (a  hole  in  the  piston  of  the  steam  cylinder  letting  in  aooie 
of  the  water  which  was  constantly  kept  above  it,  to  assist  its  air-tigbtneas)  the 
mode  of  creating  a  void,  by  the  injection  of  cold  water  into  the  cylinder  itself,  was 
at  a  subsequent  stage  discovered ;  and  this  fortunate  discovery  suggested,  also^ 
a  method  of  regulating  the  speed  of  the  engine,  when  the  weight  on  the  pumpa 
was  variable,  or  the  engine  working  against  a  resistance  beneath  its  power,— -a 
larger  or  a^smaller  quantity  of  injection  water  thrown  into  the  cylinder,  producing 
a  less  or  more  perfect  void,  corresponding  with  the  extent  of  condensation. 

Still,  with  all  these  advantages  gained,  its  operations  were  restricted,  by  reaaoo 
of  the  constant  and  unremitting  attention  required  from  the  person  employed  to 
work  it ;  for  the  most  unremitting  care  fell  very  short  of  wnat  was  demanded 
for  the  perfect  development  of  its  power.  When,  for  instance,  the  attendant 
opened  the  steam  cock,  he  was  obliged  to  watch  the  ascent  of  the  piston,  and  at 
the  instant  of  its  elevation  to  the  proper  height,  it  was  to  be  again  quickly  shut, 
and  at  the  same  moment  the  injection  cock  was  to  be  opened ;  if  the  one  did 
not  follow  the  other,  there  resulted  a  great  loss  of  vapour  or  of  effect ;  and  this 
difficulty  was  further  increased  by  the  irregular  production  of  the  steam  itael( 
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varying  Intensitv  of  the  heat  of  the  ftimace.  After  the  injection  had 
i  the  steam,  and  the  piston  was  at  liberty  to  descend,  if  the  communi- 
tween  the  boiler  and  cylinder  were  not  opened  at  the  precise  instant, 
lad  reached  the  limit  of  its  downward  movement,  the  immense  weight 
uton  forcing  it  into  the  void  with  a  great  velocity,  would  shake  the 
I  to  pieces.  All  this  precision,  too,  was  reouired  from  a  mercenary 
;  fourteen  times  every  mmule,  at  a  hazard  of  the  total  destruction  of 
titus. 

na  to  the  glory  of  first  suggestion,  or  of  original  invention,  are  to  be 
r  insisted  upon,  the  name  of  Humphrey  Potter  must  not  be 
We  are  informed  on  the  authority  of  Dr.  Desaguliers,  (and  the 
;  has  never  been  invalidated,)  that  "  it  was  usual  to  work  with  a  buoy 
Jnder,  enclosed  in  a  pipe,  which  buoy  rose  when  the  steam  was  strong 
ed  the  injection  pipe,  and  made  a  stroke,  wherebv  they  were  only  able, 
imperfect  mechanism,  to  make  six  or  eight  strokes  in  a  minute,  till  a 
d  Humphrey  Potter,  who  attended  the  engine,  added  (what  he  called  a 
a  catch,  that  the  beam  or  lever  always  opened,  and  then  it  would  go 
sixteen  strokes  in  a  minute."  To  Mcog^  is  a  verb,  found  in  certain 
ies  throughout  the  north  of  England,  implying  to  sculk;  and  this 
utleman,  impelled  by  a  love  of  idleness,  or  play,  common  to  boyhood, 
ig  his  wits  about  him,  after  due  meditation,  devised  this  contrivance 
so  important  an  improvement  was  effected,  and  himself  allowed  the 
*'  scogging"  for  his  own  diversion. 

this  period  it  may  be  supposed  that  the  completion  of  a  motive  power 
usively  engaged  the  attention  of  scientific  mquirers  upon  the  steam- 
le  auxiliary  details  of  mechanism  to  afford  facilities  of  action  bcinpr 
er  as  matters  of  less  importance ;  but  it  is  obvious  that  the  device  of 
>y  which  Uie  atmospheric  engine  was  nearly  rendered  a  self-acting  one, 
Is  have  provoked  instant  attention. 

rent  the  accidents  which  arose  from  the  neglect  of  the  attendant,  and  the 
lerengement  of  the  engine  consequent  thereupon,  means  were  now  there- 
ived  to  make  it  less  dependant  upon  his  attention.  Strings  were  applied 
:t  the  handles  of  the  cock  with  the  beam,  so  that  tbey  should  be  turned 
it  was  in  certain  positions ;  these,  again,  were  gradually  changed  and 
into  detents  and  catches  of  different  forms ;  and  at  length  Mr.  Henry 
f,  of  Newcastle-upon-Tyne,  (a  mathematician   and    engineer,)  con- 
vhat  he  called  the  '^  hand  gear,"  whereby  motion  was  given  to  all  the 
I  levers  by  a  rod  from  the  beam  operating  upon  a  series  of  tappets.  An 
'^  these  improvements  was  erected  m  1718,  and  was  the  first  in 
^nduated  lever,  or  a  tteel-yard  safety-valve,  was  employed, 
ighton,  in  the  course  of  the  previous  year,  had  published  a  table  of  the 
u  of  the  cylinders  of  engines  to  the  pumps,  when  drawing  water  at 
lepths,  from  15  to  100  yaras,  in  different  ouautities  from  48  to  4 80  hogs- 
hour.     As  this  table  has  been  verifiea  by  practice  since  that  time, 
larticulars  therein  contained  are  of  deep  importance  to  those  who  are 
f  concerned,  it  will  be  found  transcribed  in  an  abridged  form  in  the 
page.     The  measures  are  in  English  ale  gallons,  (each  containing 
mcnes,)  and  the  allowance  made  for  friction,  &c.  reduces  the  atmo- 
ressure  from  14^  lbs.  to  8  lbs.  to  the  inch  or  the  base  of  the  cylinder, 
this  table,  suppose  it  was  required  to  draw  150  hogsheads  per  hour,  at 
deep:  in  the  seventh  column  seek  the  nearest  number,  viz.   149 
s,  and  against  it,  in  the  first  column,  is  found  a  pump  of  seven-inch 
«« under  90,  the  depth  on  the  right  hand  in  the  same  Ime  is  given  the 
of  the  cylinder  (27  inches)  fit  for  that  purpose,  and  so  for  any  other, 
three  years  after  the  publication  of  these  tables,  namely,  m  1720, 
the  author  of  the  Theatrum  Machmarum  Ilvdraidicarum,  constructed 
ligh-pressure  engine.     With  much  modesty  he  ascribes  the  invention 
on  account  of  bis  having  furnished  the  idea  of  applying  the  expansive 
team  for  the  purpose  of  raising  water ;  and  also  hecause  he  took  the 
on  of  the  four-way  cock  to  communicate  alternately  with  two  cylinders, 

4u 
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from  Papin'i  Bir-macliiiie.  The  raeril  of  fint  contrivance,  however,  mtut 
unqiieitioDably  be  conceded  to  Leiipold.  HU  apparatus  Is  unrivalled  for 
simpticity,  and  exhibits  with  great  clearnesa  tlie  metliod  of  anplying  iteam  in 
alternate  action.  The  subjoined  Rguie  (which  neariy  reaemblet  that  given  by 
Lcupold)  and  explanalioii  will  sufficiently  illuitratc  the  principle. 


The  boiler  a  communicates,  by  meant  of  a  four-way  cock  »,  with  the  bottom 
of  two  opeii'topped  cylinder*,  r  $,  having  pistons,  ed,  moving  in  tliem.  Tlieae 
pistons  are  fitted  with  lead,  that  Ifaev  may  act  as  counterpoises,  severally,  to 
the  pump-buckels  op;  and  are  attacliedby  rods,  e/,  lothe  beams  o  A.  To  tba 
opposite  ends  of  the  beams  are  fixed  the  pump-rods  kl,  which  work  two  force- 
pumps,  op,  placed  in  the  well.  9  is  a  perpendicular  pipe,  open  at  both  ends ; 
the  lower  end  being  in  tlie  well,  and  the  upper  end  bent  over  the  cistern,  i;  it, 
the  centres  of  llie  beains. 

In  the  situation  of  llie  machine,  tu  here  represented,  the  steam  in  tlie  bailer 
flows  through  the  open  passage  into  the  cylinder  r,  and  presses  the  piston,  e, 
upwards ;  this  action,  of  course,  depresses  the  pump-rod  t,  and  forces  the  water 
under  the  plunger  up  tlie  pipe  g.  When  the  steam  has  nited  the  piston  c  to 
iiciirly  the  top  of  the  cylinder,  the  four-way  coek  «  is  turned  one-fourlb  of  ■ 
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revolution,  and  thus  opens  a  communication  between  tlie  cylinder  s  and  the 
boiler,  and  between  the  cylinder  r  and  the  open  air.  The  weight  of  the  rod/, 
(attached  to  the  piston  c,)  and  of  the  lead,  in  that  piston,  being  greater  than  k 
and  Of  the  piston  descends  by  its  gravity  to  the  bottom  of  the  cylinder,  driving 
out  the  steam  which  raised  it  into  the  atmospliere.  At  the  moment  of  dosing 
the  passage  into  the  cylinder  r,  another  passage  was  opened  between  the  boiler 
and  cylinder  8 ;  the  elasticity  of  the  steam  forces  the  piston  d  upwards,  and  / 
downwards,  and  produces  the  same  effects  as  the  action  of  the  first  cylinder. 

As  the  remarks  naturally  arising  from  the  subject  of  high-preasure  steam  will 
be  more  applicable  at  a  future  stage  of  the  history  than  at  this,  we  will  now 
reserve  them,  and  proceed,  as  far  as  it  is  possible,  in  chronological  order. 

The  atmospheric  engine  of  Newcomen,  with  the  great  improvements  by 
Beighton,  ana  notwithstanding  the  valuable  key  supplied  by  his  calculations, 
continued  for  many  years  in  the  state  just  previously  described.     Modifications 
were  occasionally  suggested  by  various  individuals,  but  of  too  unimportant  a 
character  to  require  particular  mention.  Its  imperfections,  however,  had  for  a  long 
period  excited  the  attention  of  Mr.  John  Smeaton,  the  most  celebrated  engi- 
neer of  his  day,  and  under  his  charge  the  engine  ultimately  attained,  perhaps,  as 
great  a  degree  of  perfection  as  its  principle  admitted.    Having  constant  occasion 
to  employ  large  steam-enginesin  the  great  works  he  was  called  upon  to  execute, 
he  directed  his  mind  to  the  removal  of  its  defects,  and  particularly  to  the  im- 
portant point  of  economising  fuel.     In  calculating  the  proportions  for  an  engine 
for  the  New  River  Company,  in  1767,  he  considered  that  the  stoppage  of  the 
water  at  every  stroke,  as  well  as  putting  the  lever-beam,  piston,  heavy  rods  and 
chains,  from  a  state  of  rest  into  motion,  twice  at  every  stroke,  was  a  great  loss 
of  power ;  he  therefore  determined  to  work  the  engine  slower,  and  with  larger 
pnmps,  and  put  upon  the  piston  all  the  load  it  would  bear.  To  reduce  the  velocity 
of  the  column  of  water  still  more,  he  placed  the  fulcrum  of  the  beam  otU  of  the 
centre^  and  made  the  stroke  of  the  piston  nine  feet,  whilst  the  pump,  which  lifted 
36  feet,  should  work  only  with  a  six-feet  stroke.     This  arrangement  obliged  him 
to  employ  a  long  narrow  cylinder,  of  only  18  inches  diameter,  and  from  this  he 
also  expected  to  obtain  other  advantages ;  viz.,  that  every  part  of  the  steam, 
being  nearer  the  surface  of  the  cylinder,  would  be  more  readily  condensed  ;  and, 
in  consequence,  that  a  less  quantity  of  iniection  water  would  serve  the  cyhnder, 
which  would  itself  be  more  heated.     Under  all  these  appearances  of  advantage, 
he  ventured  to  burden  the  piston  with  a  pressure  of  10.4  lbs.  per  inch.     Thus, 
area  of  piston,  [18  inches  diameter,]  254  ;  weight  of  the  column  of  water^36 
feet  in  the  {mmps,  [18  inches  diameter,]  3060  lbs. ;  of  which  take  six-ninths 
for  the  difference  in  length  of  stroke,  and  it  gives  2640  lbs.  for  the  weight  to  be 
HAed  by  the  piston ;  and,  dividing  2640  by  254,  the  area  of  the  piston  gives 
10.4  lbs.  pressure  per  inch.   *'  Having  once  seen  a  common  engine  struggle  under 
this  burden,"  he  writes,  "  I  thought  myself  quite  secin'e  under  those  advantages; 
but  how  great  was  my  surprise  and  mortification  to  find,  that  instead  of  requir- 
ing less  injection  water  than  common,  although  the  injection  pump  was  calcu- 
hited  to  atfurd  as  much  injection  water  as  usual,  in  proportion  to  the  area  of 
the  cylinder,  with  a  snflficient  overplus  to  answer  all  imaginable  wants,  it  was 
unable  to  support  the  engine  with  injection,  and  that  two  men  were  obliged  to 
assist  to  raise  the  injection  water  quicker  by  hand,  to  keep  the  engine  in  motion ; 
ut  tlie  same  time  that  the  cylinder  was  so  cold,  I  could  keep  my  hand  upon  any 
part  of  it,  and  bear  it  for  a  length  of  time  in  the  hot-well,     ^y  good  fortune  the 
engine  ])erformed  the  work  it  was  appointed  to  do,  as  to  the  raising  of  the  water; 
but  the  coals  by  no  means  answered  my  calculation.     The  injection  pump  being 
enlarged,  the  engine  was  in  a  state  of  doing  business,  and  I  tried  many  smaller 
experiments,  but  without  any  good  effect,  till  I  altered  the  fulcnim  of  the  beam 
so  much  as  reduced  the  load  upon  the  piston  from  10^  to  8|  lbs.  per  inch. 
Under  this  load,  though  it  shortened  the  stroke  at  the  pump-end,  the  engine 
went  so  much  quicker  as  not  only  to  raise  more  water,  but  consume  less  coal, 
took  less  injection  water,  the  cylinder  became  hot,  and  the  injection  water  came 
out  at  180o  of  Fahrenheit;  and  the  engine,  in  every  respect,  not  only  did  its 
work  better,  but  went  more  pleasantly.     This  at  once  convinced  mc  tliat  a  con- 
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siderable  degree  of  condensation  of  the  steam  took  place  in  entering  the  cylinder, 
and  that  I  had  lost  more  this  wav,  by  the  coldness  of  the  cylinder,  than  I  had 
gained  by  the  increase  of  load.  In  short,  this  single  alteration  seemed  to  haye 
unfetter^  the  engine ;  but  in  what  degree  this  condensation  took  place  undur 
different  circumstances  of  heat,  and  where  to  strike  the  medium,  so  as,  upon 
the  whole,  to  do  best,  was  still  unknown  to  me.  But  resolving,  if  possible,  to 
make  myself  master  of  the  subject,  I  immediately  began  to  build  a  email  fire- 
engine  at  home,  that  I  could  easily  convert  into  different  shapes  for  experi- 
ments, and  which  engine  was  very  nearly  ready  to  set  to  work  in  the  winter  of 
1769. 

With  this  experimental  engine  Mr.  Smeaton  made  a  multitude  of  experiments, 
which  he  noted  down  with  great  care  in  tables,  and  from  their  results  deduced 
rules  for  the  proportions  of  the  parts  of  his  engine :  he  afterwards  erected  many 
engines  of  the  largest  dimensions,  which  fully  verified  his  experiments,  it 
may  be  here  remarked,  that  in  the  year  1765  this  talented  engineer  made  a 
portable  steam-engine,  for  draining  foundations  or  other  temporary  works :  it 
Jiad  a  pulley  or  wheel  to  receive  the  chain,  wliich  communicated  motion  from 
the  piston  to  the  pump-rod,  instead  of  a  beam ;  and  the  whole  machine  being 
supported  in  one  frame  of  wood,  shaped  like  the  letter  V  inverted ;  it  had  no 
connexion  with  the  building  in  which  it  was  placed,  or  it  could  work  altogether 
in  the  open  air.  The  butler  required  no  setting  in  brick- work,  but  was  in  the 
shape  of  a  large  tea-kettle,  and  the  fire  was  in  the  centre  of  it,  surrounded  on 
all  sides  by  the  water. 

The  annexed  wood-cut  (seepage  710)  and  description,  furnish  a  represen- 
tation of  the  atmospheric  engine  of  Newcomen,  under  the  combined  improve- 
ments of  Beighton  and  Smeaton.      The  boiler,   the  sucking-pump  and   its 
apparatus,  are  not  given,  as  being  unnecessary  to  the  clear  understanding  of 
this  contrivance. 

C  the  steam  pipe  through  which  the  steam  passes  from  the  boiler  to  the 
receiver  D,  a  close  iron  vessel  or  box,  in  which  is  the  regulator,  or  steam-cock, 
to  open  and  shut  the  communication  with  the  cylinder  F  at  each  stroke ;  £  the 
communication  pipe  between  the  receiver  and  the  cylinder,  rising  five  or  six 
inches  up  in  the  inside  of  the  cylinder  above  the  bottom,  to  prevent  the  injected 
water  from  descending  into  the  receiver ;  F  the  cylinder  of  cast  iron,  about  ten 
feet  long,  bored  smooth  in  the  inside ;  it  has  a  broad  flanch  in  the  middle,  on 
the  outside,  by  which  it  is  supported  upon  the  cylinder  beams,  that  extend 
across  the  house,  and  are  let  into  the  side  wall ;  G  the  piston,  made  to  fit  the 
cylinder  exactly,  but  with  liberty  to  slide  up  and  down ;  a  flanch  rises  four  or 
Aye  inches  upon  its  upper  surface,  between  which  and  the  side  of  the  cylinder 
a  quantity  or  junk  or  oakum  is  stuffed,  and  kept  down  by  weights,  to  prevent 
the  entrance  of  air  or  water,  and  the  escape  of  steam.  U  the  piston  shank, 
connected  by  a  chain  to  the  working-beam  1 1,  which  is  suspended  on  its  centre 
in  the  manner  of  a  scale-beam.  The  arch  ends  of  the  beam  (one  only  is  here 
shown)  are  for  giving  a  perpendicular  direction  to  the  chains  of  the  piston  and 
pump  rods.  N  the  jack-head  sucking  pump,  for  supplying  injection  water  to 
the  cistern  o,  and  wrought  by  a  small  lever  or  working-beam  connected  to  the 
great  beam,  o  the  iack-head  cistern,  always  kept  full  by  the  pump  N,  and 
raised  to  such  a  height  above  the  bottom  of  the  cylinder  F  as  to  give  the  jet  of 
injection  a  sufficient  force  into  the  cylinder.  When  the  cock  is  opened,  a 
waste-pipe  is  connected  with  the  cistern,  to  carry  off  the  superfluous  water. 
P  P  the  injection  pipe,  two  or  three  inches  in  diameter,  descending  from  the 
cbtem  o  to  the  injection  cock  r,  after  passing  which  it  tunis  up  in  a  cur^'e  at 
the  lower  end,  and  enters  the  cylinder ;  it  has  a  thin  plate  of  iron  screwed 
upon  the  end  d,  pierced  with  three  or  four  holes  to  disperse  the  injection  water 
within  the  cylinder  in  so  many  streams,  for  the  readier  condensation  of  the 
steam.  /  a  small  pipe  branching  off  from  the  injection  pipe  P,  to  supply  the 
upper  surface  of  tne  piston  with  water,  to  keep  it  air-tiglit.  Q  the  working 
plug,  suspended  by  a  chain  to  the  small  arch  g  of  the  working  beam ;  it  is 
usually  a  heavy  piece  of  timber,  with  a  slit  vertically  down  its  middle,  and 
holes  bund  horizontally  through  it  to  receive  pins,  for  the  purpose  of  opening 
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and  thutdng  the  injection  and  steam  cocks,  as  it  ascends  and  descends,  by  the 
motion  of  the  working  beam,  h  the  handle  of  the  steam  cock  or  regulator ; 
it  is  fixed  to  the  regulator  by  a  spindle,  which  comes  up  through  the  top  of  the 
receiver.  The  regulator  itself  is  a  sectorial  plate  of  brass,  shaped  like  a  fan, 
and  moved  horiiontally  by  the  handle  A,  and  opens  or  shuts  the  communication 
at  the  lower  end  of  the  pipe  E  within  the  receiver,  i  i  the  spanner,  a  long 
rod  or  bar  of  iron,  for  communicating  motion  to  the  handle  of  tne  regulator,  to 
which  it  is  fixed  by  means  of  a  slit  in  the  latter,  and  some  pins  put  through  to 
fasten  it  hi  the  vibrating  lever,  called  the  tumbling-bob,  having  the  weight  k 
at  one  end  and  the  two  forked  legs  at  the  other,  like  the  letter  Y  turned.  It  is 
fixed  to  an  horizontal  axis,  movable  about  its  centre  pins  m  n,  and  is  put  in 
motion  by  means  of  the  two  shanks  o  /),  fixed  to  the  same  axis,  which  are  alter- 
nately raised  and  depressed  by  means  of  two  pins  in  the  working  plug,  and  the 
bob,  or  weieht  at  the  top  of  the  Y,  is  thrown  backwards  and  forwards;  one  pin 
on  the  outside,  depressing  the  shank  o,  throws  the  loaded  end  k  of  the  Y  from  the 
cylinder  into  the  position  represented  in  the  wood-cut,  and  causes  the  leg  /  of 
the  fork  of  the  Y  to  strike  against  the  end  of  the  spanner,  which,  forcing  back 
the  handle  of  the  regulator  or  steam-cock,  opens  the  communication,  and  permits 
the  steam  to  rush  into  the  cylinder.  The  piston  immediately  rises  by  the  weight 
of  the  pump  rod,  on  the  admission  of  the  steam  ;  the  motion  of  the  working- 
beam  11  abo  raises  the  working  plug;  and  another  pin,  which  goes  through 
the  slit,  raises  the  shank  p  of  the  axis,  which  throws  the  end  k  of  the  Y  towards 
the  cylinder,  and  the  leg  of  the  fork,  striking  the  end  of  the  spanner,  forces  it 
forward,  and  shots  the  regulator  or  steam  cock.  9  r  is  the  lever  for  opening  and 
shutting  the  injection  cock  called  the  F.  It  has  a  rack  or  toothed  sector  fixed 
upon  its  axis^  which  takes  the  teeth  of  a  pinion  fixed  on  the  top  of  the  plug  or 
key  of  the  injection  cock.  When  the  working  plug  has  ascended  nearly  to  its 
greateit  height,  and  shut  the  regulator  as  above  described,  a  pin  catches  the 
end  a  of  Uie  F,  and  raises  it  up,  which  opens  the  injection  cocx,  and  admits  a 
jet  <^  eM.  water  to  rush  into  the  cylinder ;  and,  condensing  the  steam,  makes  a 
▼acQum  or  void  within.  Then  the  pressure  of  the  atmosphere  forcing  down  the 
pieton  into  the  cylinder,  causes  the  plug  frame  to  descend,  and  another  pin  fixed 
in  it  catches  the  end  of  the  lever  j^  in  its  descent,  and,  bv  pressing  it  down, 
shuts  the  injection  cock ;  at  the  same  time  the  regnlator  is  opened  to  admit 
■team,  and  so  on  alternately;  that  when  the  regulator  is  shut,  the  injection  cock 
■ball  be  open,  and  when  the  former  is  open,  the  latter  shall  be  shut.  R  the 
eduction  pipe,  to  convey  away  the  water  which  is  injected  into  the  cylinder  at 
eech  stroke ;  its  upper  end  is  even  with  the  cylinder  bottom,  and  its  lower  end  has 
A  lid  or  cover,  movable  on  a  hinge,  which  serves  as  a  valve  to  let  out  the  injected 
water,  and^shuts  close  each  stroke  of  the  engine,  to  prevent  the  water  being 
feced  up  again  when  tlie  void  is  made.  S,  the  hot  well,  a  small  cistern  made 
of  planks  to  receive  all  the  waste  water  from  the  cylinder,  and  keep  it  in  reserve 
fimr  feeding  the  boiler,  to  supply  the  waste  occasioned  by  the  continual  evapora- 
tion of  the  steam.  T,  the  feeding  pipe  to  supply  the  boiler  with  water  from  the 
hot  welL  W,  the  waste  pipe  which  conducts  the  superfluous  water  from  the  top 
a/i  the  cylinder  to  the  hot  well  S.  «,  the  snifting  valve,  by  which,  at  every 
aaeent  of  the  piston,  the  air  is  dischar|;ed  from  the  cylinder  which  was  admitted 
with  the  injection,  and  would  otherwise  obstruct  the  operation'  of  the  engine* 
<  t  the  cyhnder  beams,  which  are  strong  girders  going  through  the  house  for 
supporting,  or  rather  keeping  down  the  cyunder.  v  (erroneously  marked  r),  a 
ric^^e  of  lead  surrounding  the  top  of  the  cylinder  to  prevent  tlie  water  on  the 
piston  from  flashing  over  when  it  rises  too  high,  x^  iron  bars,  called  the  catch- 
pins,  fixed  horizontally  through  the  upper  part  of  each  arch-head  of  the  working 
beam  to  strike  the  floor  and  prevent  tne  beam  descending  too  low,  in  case  the 
ebaini  at  either  end  should  break,  or  if  the  engine  makes  too  long  a  stroke, 
y  ff  ^^^  strong  wooden  springs  to  weaken  the  blow  given  by  the  catch-pins 
when  Uie  stroke  is  too  long,  az,  friction-wheels  or  sectors,  on  which  the 
mdgeons  'or  centres  of  the  great  beam  are  supported ;  they  are  the  third  or 
fourth  part  of  a  circle,  and  move  a  little  each  way  as  the  beam  vibrates ;  their  use 
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is  to  dlmlntHh  tlie  fVlcdon  of  the  axis,  which,  being  necetsarily  very  large  for  m 
heavy  a  lever,  would  otherwise  be  very  great 

To  work  this  engine,  the  boiler  is  first  filled  two  or  three  feet  deep  with  water, 
from  wliich  steam  is  generated  by  the  furnace  fire,  of  sufficient  strength  toeiert 
a  pressure  of  about  one  pound  beneath  each  square  inch  of  tlie  sidety  valve; 
the  steam  will  then  lift  up  the  valve,  and  escape.  In  this  condition  we  wS 
suppose  tlic  machine  to  be  in  a  state  of  rest,  having  both  the  stemm-cock  ani 
injection  cock  shut,  and  just  as  represented  in  the  figure. 

'J'he  man  who  attends  the  engine  depresses  the  handle  j9,  so  as  to  throv  the 
tumbling  bob  into  the  position  there  shown  ;  and  the  leg  of  the  fork  thrastiag 
back  the  spanner  i  t,  opens  the  regulators  or  steam-cock,  when  the  steam  froai 
the  boiler  immediately  rushes  in,  and,  dispersing  itself  throughout  the  cvUnder, 
mixes  with  the  air  contained  therein :  much  will  be  condensed  by  the  eoM 
surface  of  the  cylinder  and  piston,  and  the  condensed  water  will  trickle  dovn 
the  sides,  and  run  off  at  the  eduction  pipe  It.  This  condensation  will  be  re- 
peated until  the  whole  cylinder  and  piston  are  made  as  hot  as  boiling  water. 

When  this  happens,  the  steam  will  begin  to  open  the  sniiUng^vuve  <,  aiul 
issue  through  the  pipe ;  at  first  slowly,  and  very  cloudvi  being  mixed  with  much 
air.  The  blast  at  »  will  ^row  stronger  by  degrees,  and  more  transparent,  in  po- 
portion  as  the  common  air  becomes  exhausted.  When  the  attendant  pereems 
the  engine  to  be  ready  for  starting,  he  lifts  up  the  handle  o  or  p,  till  the  taroUing 
bob  Y  falls  over  the  perpendicular,  towards  the  cylinder,  and  its  leg,  strikiag 
the  cross  pin  of  the  spanner  i,  draws  it  forwards,  and  shuts  the  steam  regulator; 
at  the  same  instant,  he  lifts  up  the  handle  ^,  of  the  F,  which  opens  the  iDJectio*- 
cock.  The  pressure  of  the  column  of  water  in  the  injection  pipe  P  immcdiatiiy 
forces  some  water  through  the  spout  d,  by  the  jets.  The  cold  water,  oomiDf 
in  contact  with  some  of  the  pure  vapour  which  now  fills  the  cylinder,  condenaa 
it,  and  thus  makes  a  partial  void,  into  which  the  more  distant  steam  immcdiatciy 
expands ;  and  by  this  very  expansion  its  capacity  for  heat  is  increased,  or,  n 
other  words,  as  it  grows  cold,  it  abstracts  the  heat  more  powerfully  firum  tba 
steam  situated  immediately  beyond  it 

In  this  expansion  and  refrigeration  the  steam  is  itself  partly  condensed,  or 
converted  into  water,  and  leaves  a  void,  into  which  the  circumjacent  steam  iai- 
mediately  expands,  and  produces  the  same  effect  on  the  steam  beyond  it ;  asd 

thus  it  happens,  that  the  abstraction  of  a  small  quantity  of  heat,  from  an  ' 

siderable  mass  of  steam,  produces  a  condensation  throughout  a  cylinder 
is  extensive. 

What  remains  in  the  cylinder  no  longer  balances  the  atmospheric  piisaiirf 
the  surface  of  the  water  in  the  injection  cistern,  and  therefore  the  water  spa 
rapidly  through  the  holds  d,  by  the  joint  action  of  the  column  P,  and  the  mt 
balanced  pressure  of  the  atmosphere ;  at  the  same  time,  the  snifting  valve  i^ 
and  the  eduction  valve  R,  are  shut  by  the  external  pressure  of  the  atmoiqihnf; 
and  prevent  the  entrance  of  air  or  water  into  the  cyhnder.  The  velocity  of  iht 
injection  water  must  therefore  rapidly  increase,  and  the  jets  dash  against  the 
bottom  of  the  piston,  and  be  scattered  through  the  whole  capacity  of  the  cylindff. 
In  a  very  short  space  of  time,  therefore,  the  condensation  of  the  steam  becooM 
universal,  and  the  elasticity  of  what  remains  is  very  smaU.  The  whole  piisauit 
of  the  atmosphere,  therefore,  being  exerted  on  the  upper  surface  of  the  piMM, 
while  there  is  hardly  any  on  its  under  side,  if  the  load  on  the  enter  end  of  tht 
working  beam  is  inferior  to  this  pressure,  it  must  yield  to  it.  The  pisloa  G 
must  descend,  and  the  pump  piston  in  tlie  well,  or  mine,  must  ascend,  briBgiif 
along  with  it  the  water  therein ;  but  the  motion  does  not  begin  at  the  instant  iht 
injection  is  made. 

The  piston  was  kept  at  the  top  by  the  preponderancy  of  the  outer  end  of  tht 
working  beam,  and  the  load  of  water  in  the  pumps,  and  it  must  remain  thcit 
till  the  difference  between  the  elasticity  of  the  steam  below  it,  and  the  prMVt 
of  the  atmosphere,  exceed  this  preponderancy.  There  must,  therelbrc^  ha  a 
small  space  of  time  between  the  beginning  of  the  condensation  and  the  bcgir 
ning  of  the  motion ;  this  is  very  small,  not  exceeding  the  third  or  fooith  pfl* 
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of  a  second ;  but  it  may  be  very  distinctly  observed  by  an  attentive  spectator, 
who  may  perceive  that  the  instant  the  injection  cock  is  opened,  if  the  cylinder 
has  the  slightest  yielding  in  its  suspension,  it  will  heave  upwards  a  little  by  the 
pressure  of  the  air  on  the  bottom.  Its  own  weight  is  not  at  all  equal  to  this 
pressure ;  and  instead  of  its  being  necessary  to  support  it  by  a  strong  floor,  it 
must  be  kept  down  by  large  beams,  loaded  at  the  ena  with  heavy  walls.  This 
heaving  of  the  cyhnrler  shows  the  instantaneous  commencement  of  the  conden- 
sation ;  and  it  is  not  till  after  this  has  passed,  that  the  piston  is  seen  to  start, 
and  begins  to  descend.  The  motion  must  continue  till  the  great  piston  reaches 
the  bottom  of  the  cylinder,  because  it  is  not  like  the  motion  which  would  tako 
place  in  a  cylinder  of  air  rarefied  to  the  same  degree.  In  this  latter  case,  the 
impelling  force  would  be  continually  diminished,  because  the  capacity  of  the 
cylinder  diminishing  by  the  descent  of  the  piston,  the  air  in  it  would  continu- 
ally become  more  dense  and  elastic,  until  the  piston  would  stop  at  a  certain 
height,  where  the  elasticity  of  the  included  air,  together  with  the  load  upon  the 
pump-rod  at  the  well  end  of  the  beam,  would  balance  the  atmospherical  pres- 
sure on  the  ])iston ;  but  when  the  contents  of  the  cylinder  are  pure  vapour,  and 
the  continued  stream  of  injected  cold  water  keeps  down  its  temperature  to  the 
same  pitch  as  at  the  beginning,  the  elasticity  of  the  remaining  steam  can  never 
increase  by  the  descent  of  the  piston.  The  impelling,  or  accelerating  force, 
remains  therefore  the  same ;  and  the  descent  of  the  piston  will  be  accelerated 
almost  uniformly,  unless  there  be  an  increase  of  resistance  arising  from  the 
nature  of  the  work  performed  at  the  other  end  of  the  beam.  And  it  may  fre- 
quently be  observed  in  a  good  steam-engine,  where  every  part  is  air-tight,  that 
if  the  cylinder  has  been  completely  purged  of  common  air  before  the  steam- 
cock  is  shut,  and  none  has  entered  since,  the  piston  will  descend  to  the  very 
bottom  of  the  cylinder.  It  sometimes  happens,  by  the  great  pump  drawing  air, 
or  some  part  of  the  communication  chains  giving  way,  that  the  piston  descends 
with  such  violence  as  to  beat  out  the  bottom  of  the  cylinder  at  a  blow :  to 
prevent  which  accidents,  the  catch-pins  x  are  applied  at  the  extremity  of  the 
beam. 

When  the  attendant  sees  the  piston  as  low  as  he  thinks  proper,  he  shuts  the 
injection  cock  by  depressing  the  lever  q,  and  at  the  same  time  he  opens  tho 
regulator,  bv  forcing  down  the  handle  o,  which  oversets  the  tumbling  bob,  and 
its  leg,  catching  the  cross  pin  of  the  spanner  i,  opens  the  regulator. 

The  steam  has  been  accumulating  above  the  water  in  the  boiler  during  the 
tvhole  time  of  the  piston's  descent.  The  moment,  therefore,  that  the  steam-cock 
is  opened,  the  steam  having  an  elasticity  of  rather  more  than  one  pound  per 
square  inch  greater  than  that  of  the  air,  rushes  into  the  cylinder,  when  it 
immediately  blows  open  the  snifting  valve,  and  assists  the  waterwhich  had  come 
in  by  the  former  injection,  and  what  arose  from  the  condensed  steam,  to  descend 
by  its  own  weight  through  the  eduction  pipe  R,  auid  open  the  valve  to  run  out 
into  the  hot  well  s. 

This  water  is  nearly  boiUns  hot,  or  at  least  its  surface ;  for,  while  lying  in  the 
bottom  of  the  cylinder,  it  will  condense  steam  till  it  acquires  this  temperature, 
and  tlierefore  cannot  run  down  till  it  will  condense  no  more.  There  is  a  cause 
of  some  waste  of  steam  at  its  first  admission,  in  order  to  heat  the  inside  of  the 
cylinder  and  the  injected  water  to  the  boilhig  temperature ;  but  the  space  being 
small,  and  the  whole  being  already  very  warm,  it  is  very  soon  done ;  and  when 
things  are  properly  constructed,  little  more  is  wanted  tnan  what  will  warm  the 
cylinder,  for  the  eduction  pipe  is  made  of  large  dimensions,  and  receives  some 
of  the  injection  water  even  during  the  descent  of  the  piston,  and  this  portion 
will  be  removed  out  of  the  way  of  the  steam. 

The  first  effect  of  the  entering  steam  is  of  great  service ;  it  drives  out  of 
the  cylinder  the  vapour  which  it  finds  there.  This  is  seldom  pure  steam  or 
watery  vapour,  because  all  water  contains  a  quantity  of  air  in  a  state  of  chemi- 
cal union ;  but  the  union  is  only  feeble,  and  a  boiling  heat  is  sufficient  for  dis- 
engaging the  greatest  part  of  it  by  increasing  its  elasticity.  It  may  also  be 
disengaged  by  simply  removing  the  external  pressure  of  the  atmosphere.  There- 
fore the  small  space  below  the  piston  contains  watery  vapour,  mixed  with  all 
the  air  which  had  been  disengaged  from  the  water  in  the  boiler  by  ebullition, 
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and  all  that  was  Reparated  from  the  injection  water  b}'  the  diminution  of  extern 
nal  pressure,  in  addition  to  any  which  may  enter  by  leakage. 

Let  us  now  consider  the  state  of  the  piston  when  setting  out  on  its  return  : 
as  it  is  evident  that  it  will  start,  or  begin  to  rise  by  the  counter-weight,  the  mo- 
ment the  steam-cock  is  opened ;  for  at  that  instant  the  excess  of  the  asmo- 
spherical  pressure,  by  which  it  was  kept  down  in  opposition  to  the  prepoodCTancy  * 
of  the  outer  end  of  the  beam,  is  diminished.  At  the  first  instant  of  the  return 
of  the  pump-rods,  they  draw  up  the  piston  with  great  violence,  all  the  weight  of 
the  water  in  the  pumps  acting  in  addition  to  the  counter- weight ;  but  the  falling 
of  the  lower  valves  in  the  pumps,  after  an  inch  or  two  of  motion,  arrests  the 
further  descent  of  the  water,  and  bears  the  weight  of  the  column  of  water ;  and 
afler  this  the  piston  will  rise  gradually  by  the  action  of  the  counter-weight 

The  action  of  the  counter- weight  is  very  different  in  the  two  motions  of  the 
engine ;  for  while  the  engine  is  making  a  working  stroke  it  is  lifting  not  only 
the  column  of  water  in  the  pump,  but  the  absolute  weight  of  the  bucket-rods  also ; 
and  while  the  pump-rods  are  descending,  there  is  a  diminution  of  the  counter- 
weight, by  the  whole  weight  lost  by  the  immersion  of  the  rod  in  water.  The 
wooden  rods  which  are  generally  used  being  soaked  in  water  and  joined  by  iron 
straps,  are  heavier,  and  but  a  little  heavier  than  water,  and  they  are  generally 
about  one-third  of  the  bulk  of  the  water  in  the  pumps. 

By  this  counter-weight  the  piston  is  drawn  upwards ;  and  it  would  even  rise 
although  the  steam  which  is  admitted  was  not  quite  so  elastic  as  common  air. 

Suppose  the  mercury  in  the  barometer  to  stand  at  30  inches,  and  that  the 
preponderancy  at  the  outer  end  of  the  beam  was  equal  to  l-9th  of  the  pressure 
of  the  air  on  the  piston,  the  piston  would  not  rise  until  the  elasticity  of  the  steam 
was  equal  to  30  l-9th,  that  is,  to  26§  inches  nearly ;  but  if  the  steam  was  just 
equal  to  this  quantity,  the  piston  would  rise  as  fast  as  the  steam  of  that  density 
eould  be  supplied  to  the  cylinder  through  the  steam -pipe;  and  on  this  sup- 

EMition,  the  velocity  of  the  ascent  would  depend  on  the  velocity  of  that  supply, 
ut  this  is  not  the  case  in  practice,  because  the  steam  must  be  stronger  than 
the  air,  in  order  to  blow  out  and  discharge  the  air ;  it  will  therefore  enter  the 
cylinder  without  any  effort  on  the  piston  to  draw  or  suck  it  in.  At  the  same 
time  the  counter-weight  must  not  be  so  great  as  to  draw  up  the  piston  with  that 
force  which  will  cause  a  suction  within  the  cylinder  greater  than  the  steam-pipe 
can  supply,  or  it  would  diminish  the  pressure  of  the  steam  within  the  cylinder 
lower  than  the  atmosphere,  and  prevent  it  from  sniffing  or  blowing  out  the  air. 
In  filling  the  cylinder  with  steam,  it  will  require  a  much  more  copious  supply 
of  steam  than  merely  to  fill  up  the  space  left  by  the  ascent  of  the  piston  ;  for 
as  the  descent  of  the  piston  was  only  in  consequence  of  the  vacuum  occasioned 
by  the  interior  of  the  cylinder  being  sufficiently  cooled  to  condense  the  steam, 
this  cooled  surface  must  be  again  presented  to  the  steam  during  the  rise  of  the 
piston,  and  must  condense  steam  a  second  time.  The  piston  cannot  rise  another 
inch  till  that  part  of  the  cylinder  which  the  piston  has  already  quitted  has  been 
warmed  up  to  the  boiling  point,  and  much  steam  must  be  expended  in  this  warm- 
ing, for  the  inner  surface  of  the  cylinder  must  not  only  be  raised  to  the  heat  of 
boiling  water  while  the  piston  rises,  but  must  also  be  made  perfectly  dry ;  and 
the  film  of  water  left  on  it  by  the  ascending  piston  must  be  completely  evapo- 
rated, otherwise  it  will  continue  to  condense  steam. 

On  this  account,  although  the  counter-weight  is  not  necessary  to  suck  in  the 
steam,  the  moving  force  during  the  ascent  of  the  piston  must  be  considered  as 
resulting  chiefly,  if  not  solely,  from  the  preponderating  weight  of  the  great 
pump-rods ;  and  this  force  is  expended  partly  in  returning  the  steam  piston  to 
the  top  of  the  cylinder,  where  it  may  be  again  pressed  down  by  the  air,  and 
make  another  working  stroke  by  raising  the  pump-rods ;  and  partly  in  return- 
ing the  pump-buckets  into  their  places  at  the  bottom  of  their  respective  working 
barrels,  in  order  that  they  may  also  make  another  working  stroke.  This  latter 
operation  requires  force  independent  of  the  friction  and  inertia  of  the  moving  parts; 
for  each  bucket  must  be  pushed  down  through  the  water  in  the  barrel,  which  must 
lift  up  and  rise  through  the  valves  in  the  bucket,  with  a  velocity  proportioned 
to  the  velocity  of  the  bucket  in  the  same  degree  as  the  area  of  the  pump-barrd 
is  proportioned  to  the  opening  of  the  valves  through  which  the  water  must 
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Prom  tbi'i  general  coniiderHlion  of  the  ascent  of  the  pUton,  we  may  see  tl 
the  motion  differs  greatly  from  th<:  descent ;  it  can  hardly  be  nippoied  to  accele- 
rate, even  if  tbe  iteam  were  Bupplied  to  the  cylinder  in  ever  »ucli  quantity  ;  for 
the  reuslance  to  the  deicent  of  the  pumji  bucket  i»  the  ume  with  the  weight  of 
the  column  of  water,  which  would  cause  water  to  flow  through  the  valve*  of  the 
bucket!  with  the  velocity  with  which  it  redly  rises  through  them ;  and  thii 
reiiatance  must  therefore  increue,  ai  the  square  of  that  velocity  increases  ;  that 
U,  aa  the  square  of  the  velocity  with  which  the  bucket  descends.  Independent 
of  the  force  of  friction,  and  the  weight  of  [be  valves,  the  velocity  of  descent 
tbtmigh  the  water  must  loon  become  ■  maximum,  and  tbe  motion  will  become 
uniform.  Accordingly,  any  one  who  observes  with  attention  the  working  of  a 
■team -engine,  will  see  that  the  rise  of  the  piston,  and  descent  of  tbe  pump-rods, 
•re  extremely  uniform ;  whereas  the  working  stroke  is  very  sensibly  accelerated. 
lliese  two  motions  complete  tbe  period  of  the  operation,  and  tbe  whole  may  be 
repeated  by  sbutiing  tbe  regulator,  and  opening  the  injection  cock,  whenever  the 
^slon  hai  attained  the  proper  height.  For  tlie  first  two  or  three  strokes,  the 
opening  and  shutting  of  the  cocks  are  performed  by  the  attendant ;  but  when 
he  has  tliua  ascertained  that  all  parti  are  in  order,  be  puts  pins  into  the  holei 
of  the  plug-frame,  and  tbe  motion  of  the  engine  will  then  actuate  its  own 
machinery,  and  perform  its  reciprocations  with  greater  regularity  than  can  be 
done  by  hand. 

Mr.  Keake  Fitioerald  proposed,  in  17S0,  a  contrivance  to  work  the  venti- 
lator by  the  R re- engine  for  the  Vneflt  of  those  who  work  in  mines,  where  it  is 
employed  to  draw  off  water  by  making  the  engine  turn  a  wheel  constantly  one 
way.  This  gentleman,  and  some  others  associated  with  him,  obtained  a  patent 
cxdudmg  all  othets  from  employing  tbe  Bteam-i'Ugine  for  turning  a  crank  ;  but 
Usey  appear  to  have  received  little  or  no  eiico  '  "        '■"        "■'"" 

In  17S6  Mr.  Blaeey  obtained  a  patent 
Ibr  lome  improvements  on  Savery's  engine. 
To  avoid  the  condensation  that  took  place 
when  the  vapour  came  in  contact  with  the 
eurface  of  the  water  in  the  receivers,  he  pro- 
weed  to  introduce  oil  or  air  on  the  surface ; 
but  failure  attended  all  his  endeavours  to 
carry  tbe  prq'ect  into  practical  effect.  His 
•(Jieme  of  a  boiler  attracted  more  attention 
spioiig  tbe  icieDtific  men  of  his  day,  and  it 
eUctt^  much  commendation.  The  annexed 
figure  will  explain  it. 

Into  tbe  (umace  a  are  placed  the  tubes 
h  e  d,  connected  by  small  pipes ;  /a  funnel 
Jbr  eupplying  the  generator  with  water.  « 
■  cock  for  the  purpose  of  cleaning  the  appa- 
ntn*  bv  allowing  a  passage  of  water  through 
it.  The  contrivance  is  simple  and  inge- 
nioua,  and  may  have  been  the  origin  of  the 

JTOMS  variety  of  tubular  boilers  of  more 

it  invention  (see  article  Boileb);  but  an 
ent  occurring  in  the  inventor's  experi- 
Bimt,  be  failed  to  secure  tbe  support  he  was 
led  to  eipect 

In  1769  a  patent  wu  taken  out  by  a  gen- 
Ifetnan  named  Stewart  for  ao  engine  which 
produced  a  rotative  motion  by  a  chain  going 
rannd  a  pulley,  and  also  round  two  barrels, 
fitraiihed  with  ratchet-wheels  with  a  weight 
■nspcnded  to  the  free  end  of  the  chain,  which 


rrtam  of  the  engine.  Mr.  Matthew  Wus- 
Imroiigh,  at  u  later  date,  also  obtained  a  patent 
Ibr  communicating  a  rotative  nioliou  to  an 
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It  may  be  imagined  that  the  progress  A\-1iich  the  steam-engine  had  now  made 
stimulated  speculators  and  machinists  to  bestow  their  studies  on  a  subject  of  so 
much  interest,  and  presenting  the  prospect  of  a  reward  far  less  visionary  than 
that  dreamed  of  at  any  previous  period.  Plans  and  adaptations  and  hypotheses 
sprung  up  on  all  sides,  if  not  with  a  fertility,  at  least  with  a  rapidity  proportioned 
to  its  importance.  The  multiplied  devices  of  ingenious  men  on  matters  of 
comparatively  minor  consequence,  which,  though  valuable  items  in  tlie  general 
fund  of  improvement  then,  must  be  passed  over,  inasmuch  as  that  they  would 
not  at  this  day  be  considered  of  sufficient  magnitude  to  trench  upon  the  reader's 
attention.  We  therefore  pass  at  once  to  the  next  great  era  in  its  career ;  namely, 
its  progress  to  perfection  under  the  directing  genius  of  Watt. 

James  Watt  was  born  at  Greenock,  Scotland,  in  the  year  1736.  At  the  age 
of  sixteen  he  was  apprenticed  to  an  optician,  so  called,  a  person'who — '*  by  turns 
a  cutler  and  a  whitesmith,  a  repairer  of  fiddles,  and  a  tuner  of  spinets*' — tendered 
his  humble  ingenuity  in  any  heterogeneous  offices  for  which  it  might  be  required. 
With  him  Watt  remained  but  two  years,  and  then  proceeded  to  London,  where 
he  obtained  employment  from  a  regular  mathematical  instrument-maker.  His 
health,  however,  becoming  impaired,  he  remained  in  London  little  longer  than 
twelve  months,  and  returning  to  his  native  town  commenced  business  on  his 
own  account,  both  there  and  at  Glasgow,  at  which  latter  place  he  was  desirous 
to  settle.  After  experiencing  some  difficulties,  this  object  was  at  length  effected, 
and  he  obtained,  through  the  management  of  some  friends,  the  appointment  of 
mathematical  instrument-maker  to  the  University  of  Glasgow,  and  a  room  was 
assigned  to  him  in  which  he  could  carry  on  his  work.  Here  it  was  that  his  mind 
became  first  engaged  upon  the  subject  of  the  steam-ongine ;  and  we  quote 
his  own  words  in  describing  the  event,  which  has  since  become  so  interesting. 

'^  My  attention,"  he  writes,  *' was  first  directed  in  1759  to  the  subject  of 
steam-engines,  by  Dr.  Robison,  then  a  student  in  the  University  of  Glasgow, 
and  nearly  of  my  own  age.  Robison  at  that  time  threw  out  the  idea  of 
applying  the  power  of  the  steam-engine  to  the  moving  of  wheel-carriages,  and  to 
other  purposes ;  but  the  scheme  was  not  matured,  and  was  soon  abandoned  on 
his  going  abroad. 

^^  In  1761  or  1763  I  made  some  experiments  on  the  force  of  steam  in  a 
Papin*8  Digester,  and  formed  a  species  of  steam-engine,  by  fixing  upon  it  a 
syringe,  one-ihird  of  an  inch  in  diameter,  with  a  solid  piston,  and  furnished 
also  with  a  cock  to  admit  the  steam  from  the  digester,  or  snut  it  oflf  at  pleasure, 
as  well  as  to  open  a  communication  from  the  inside  of  the  syringe  to  the  open 
air,  by  which  the  steam  contained  in  the  syringe  might  escape.  When  the  com- 
munication between  the  cylinder  and  digester  was  opened,  the  steam  entered 
the  syringe,  and  by  its  action  upon  the  piston,  raised  a  considerable  weight 
(fifteen  pounds,)  with  which  it  was  loaded.  When  this  was  raised  as  high  as 
was  thought  proper,  the  communication  with  the  digester  was  shut,  and  that 
with  the  atmosphere  opened ;  the  steam  then  made  its  escape,  and  the  weight 
descended.  The  operations  were  repeated ;  and  though  in  this  experiment  the 
cock  'was  turned  by  hand,  it  was  easy  to  see  how  it  could  be  done  by  the 
machine  itself,  and  make  it  work  with  perfect  regularity.  But  I  soon  relinquished 
the  idea  of  constructing  an  engine  upon  this  principle,  from  being  sensible  it 
would  be  liable  to  some  of  the  objections  against  Savcry*s  engine;  namely, 
from  the  danger  of  bursting  the  boiler,  and  the  difficulty  of  making  the  joints 
tight ;  and  also  that  a  great  part  of  the  power  of  steam  would  be  lost,  because 
no  vacuum  was  formed  to  assist  the  descent  of  the  piston." 

The  experiments  thus  commenced  were  stopped  by  other  avocations  connected 
with  his  business,  and  his  attention  became  necessarily  diverted  from  the  further 
prosecution  of  the  inquiry  for  a  period  of  many  months.  In  the  year  1 763-4 
the  model  of  a  steam-engine  belonging  to  the  natural-philosophy  class  was 
placed  in  his  hands  to  repair,  and  his  mind  once  more  recurred  to  the 
neglected  subject.  Whilst  engaged  upon  this  little  model,  he  remarked  the 
prodigious  loss  of  steam  from  the  condensation  caused  by  the  cold  surface  of 
the  cylinder,  and  also  the  great  quantity  of  heat  which  is  contained  in  a  very 
minute  quantity  of  water,  when  in  the  form  of  elastic  steam.  When  a  quauUty 
of  water  is  heated  several  degrees  above  the  boiling  point  in  a  cloi^e  digester,  if 
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a  hole  be  opened  the  nteam  rushes  out  with  great  violence,  and  in  three  or  four 
•econds  the  heat  of  the  remaining  water  is  reduced  to  the  mere  boiling  point 
The  steam  thus  wasted  would,  under  condensation,  yield  but  a  few  drops  of  water, 
and  yet  these  carry  off  with  them  the  whole  excess  of  heat  from  the  water  in 
the  digester.  Mr.  Watt  at  once  saw  that  to  economise  the  heat  thus  wasted 
became  a  matter  of  the  first  importance.  The  cylinder  of  his  little  apparatus 
could  be  heated  in  one  instant  to  such  a  temperature,  that  it  could  not  be  touched 
by  the  hand ;  but  before  a  vacuum  could  be  made,  it  required  to  be  cooled  by  the 
injection  water,  and  was  then  to  be  heated  again  by  the  re-entrance  of  the 
■team.  This  could  not  happen  unless  the  heat  was  abstracted  from  the  steam, 
which  must  occasion  the  condensation  and  waste  of  a  considerable  portion. 
Two  points  of  inquiry  were  at  once  raised:  what  was  the  exact  portion  of 
•team  thus  wasted,  and  what  material  could  be  substituted  for  that  of  tlie  expe- 
rimental cylinder,  which  would  transmit  the  heat  more  slowly. 

A  series  of  new  experiments  enabled  him  to  ascertain,  that  the  loss  of  steam, 
in  alternately  heating  and  cooling  the  cylinder,  was  not  less  than  three  or  four 
times  as  much  as  would  fill  the  cylinder  and  work  the  engine!  Although  his 
means  and  his  time  were  at  that  time  straightened,  and  compelled  him  to 
employ  the  simplest  and  cheapest  modes  of  conducting  these  experiments,  yet 
the  precision  of  his  deductions  admirably  displays  what  genius  can  accomplish 
•Ten  under  adverse  circumstances.  By  means  of  a  glass  tube  inserted  into 
the  spout  of  a  tea  kettle,  he  allowed  the  steam  to  flow  into  a  glass  nearly  filled 
with  cold  water  imtil  it  was  boiling  hot  The  water  was  then  found  to  have 
gained  nearly  a  sixth  part  in  volume,  by  the  steam  which  had  been  condensed 
to  heat  it,  and  he  drew  the  conclusion  that  a  measure  of  water  converted  into 
•team  can  raise  about  six  measures  of  water  to  its  own  heat,  or  about  eighteen 
hundred  measures  of  steam  can  heat  six  measures  of  water ;  or  in  the  words  of 
Dr.  Ure,  who  narrates  the  fact  from  Watt's  own  lips,  that  '^  a  cubic  inch  of 
water  would  form  a  cubic  foot  of  ordinary  steam,  or  1728  inches ;  and  that  the 
condensation  of  that  quantity  of  steam  would  heat  six  cubic  inches  of  water 
from  the  atmospheric  pressure  (temperature)  to  the  boiling  point.  Hence  he 
•aw  that  six  times  the  aifierence  of  temperature,  or  fully  800"  of  heat,  had  been 
employed  in  giving  elasticity  to  steam,  and  which  must  be  all  subtracted  before 
a  complete  vacuum  could  be  obtained  under  the  piston  of  a  steam-engine." 
Being  struck  with  this  remarkable  fact,  and  not  unaerstanding  the  reason  of  it, 
**  I  mentioned  it,"  says  Watt,  "  to  my  friend  Dr.  Black,  who  then  explained  to 
me  his  doctrine  of  latent  heat,  [See  Art.  Chemistry,  p.  351,]  which  he  had 
taneht  some  time  before  this  period  (summer  of  1764)*;  but  having  been  occu- 
]^ea  with  the  pursuits  of  business,  if  I  had  heard  of  it  I  had  not  attended  to  it, 
when  I  thus  stumbled  upon  one  of  the  material  facts  by  which  that  beautiful 
theory  is  supported."  In  the  course  of  these  experiments  another  defect 
became  manifest,  namely,  that  the  injection  water  thrown  into  the  cylinder  to 
eondense  the  steam  becoming  hot,  and  being  in  a  vessel  exhausted  of  air,  it 
produces  a  steam  or  vapour  which  in  part  resists  the  pressure  of  the  atmosphere 
upon  the  piston,  and  lessens  the  power  of  the  engine.  This  first  attempt  to 
remedy  this  evil,  was  by  substituting  a  wooden  cylinder  which  would  transmit 
the  heat  more  slowly  ;  but,  being  soon  obliged  to  abandon  this  plan,  he  after- 
wards cased  his  metal  cylinder  in  a  wooden  jacket,  and  filled  up  the  space 
between  the  two  with  light  wood  ashes ;  by  this  means,  and  using  no  more 
ilijection  than  was  absolutely  necessary  for  the  condensation,  he  reduced  the 
waste  almost  one  half.  But  by  using  so  small  a  quantity  of  cold  water,  the 
inaide  of  the  cylinder  was  scarcely  brought  below  the  boiling  temperature,  and 
there  consequently  remained  in  it  a  steam  of  very  considerable  elasticity,  which 
robbed  the  engine  of  a  proportionable  part  of  the  atmospherical  pressure. 

l¥ith  these  data  before  him  he  bent  the  whole  force  of  his  mind  to  the  dis- 
oorery  of  some  meons  of  condensing  the  steam  without  cooling  the  cylinder ;  and 
early  in  the  year  17G5  the  brilliant  thought  broke  in  upon  him,  "  that  if  a 
eommunication  were  opened  between  a  cylinder  contaitiing  steam j  and  another  vesse 
wkieh  woM  exhausted  of  air  and  other  fluids,  the  steam,  as  an  expansible  Jluidl 
tpomid  immediately  rusk  into  the  empty  vessel^  and  continue  to  do  so  until  it  had. 
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established  an  equilibrium  ;  and  if  that  vessel  were  kepi  very  cool  by  an  ittjectimi  or 
ot/ieru^ise,  more  steam  would  continue  to  enter  until  the  whole  were  condensed,'* 
Direct  experiment  soon  confirmed  the  idea;  and  thus  was  solved  the  great 
problem  that  had  perplexed  all  who  had  gone  before  him, — the  formatiom  of 

A  VACUOUS  SPACE  IN   A  HOT  CYLINDER. 

Still  the  important  difficulty  before  alluded  to  remained  to  be  surmounted. 
The  vessel  in  which  the  condensation  was  effected  —  tlie  condenser  —  would 
speedily  become  surcharged  with  the  injection  water,  the  condensed  steam,  and 
the  incondensible steam  that  must  accumulate  therein;  and  how  were  these 
impediments  to  be  disposed  of?  The  water  might  be  allowed  to  escape  by  iti 
own  gravity,  but  the  incondensed  steam,  so  long  as  it  remained  within  the 
condenser,  would  necessarily  resist  the  descent  of  the  piston  in  the  cylinder.  To 
remedy  this  capital  fault,  he  devised  the  employment  of  a  pump,  (since  called 
*'  the  air  pump ')  which  should  draw  off  the  several  contents  of  the  condenser 
at  each  operation  of  the  engine,  and  leave  it  totally  unimpeded  :  it  was  easy  to 
perceive  that  this  pump  might  be  wrought  by  the  engine  itself.  Here,  then,  was 
the  second  great  advance  made  in  the  invention. 

Before  we  proceed,  however,  in  the  narration  of  the  improvements  upon  the 
steam-eneine,  under  Mr.  Watt's  hands,  it  may  be  proper  to  allude  to  a  counter- 
claim which  has  been  asserted  on  behalf  of  another  individual  to  tlie  merit  of 
suggesting  a  separate  condenser,  and  which  has  been  countenanced  by  authorities 
of  high  respectability.  Mr,  Hornblower,  a  rival  and  contemporary  of  Watt, 
states  in  his  paper  on  the  subject,  in  Gregory's  Mechanics^  that  "  it  occurred  to 
Mr.  Gainsborough,  the  pastor  of  a  dissenting  congregation,  and  brother  to  the 
painter  of  that  name,  that  it  would  be  a  gi*eat  improvement  to  condense  the 
steam  in  a  vessel  distinct  from  the  cylinder,  where  the  vacuum  was  formedj 
and  he  undertook  a  set  of  experiments  to  apply  the  principle  he  had  established, 
which  he  did,  by  placing  a  small  vessel  by  the  side  of  the  cylinder,  which  was 
to  receive  just  so  much  steam  from  the  boiler  as  would  discharge  the  air  and 
condensing  water  in  the  same  manner  as  was  the  practice  from  the  cylinder 
itself  in  the  Newcomenian  method,  that  is,  by  the  snifting  valve  and  sinking- 
pipe.  In  this  manner  he  used  no  more  steam  than  was  just  necessary  for  that 
particular  purpose,  which  at  the  instant  of  discharging  was  entirely  uncommuni- 
cated  with  the  main  cylinder,  so  that  the  cylinder  was  kept  constantly  hot  as  tlie 
steam  could  make  it  Whether  he  closed  the  cylinder  as  Mr.  Watt  does  n 
uncertain ;  but  his  model  succeeded  so  well  as  to  mduce  some  of  the  Cornish 
adventurers  to  send  their  engineers  to  examine  it,  and  their  report  was  so 
favourable  as  to  induce  an  intention  of  adopting  it.  This,  however,  was  soon 
after  Mr.  Watt  had  obtained  his  act  of  Parliament  for  the  extension  of  his  term ; 
and  he  had  about  the  same  time  made  proposals  to  the  Cornish  gentlemen  to 
send  his  engine  into  that  country.  This  necessarily  brought  on  a  competition, 
in  which  Mr.  Watt  succeeded ;  but  it  was  asserted  by  Mr.  Gainsborough  that 
the  mode  of  condensing  out  of  the  cylinder  was  communicated  to  Mr.  Watt  by 
the  officious  folly  of  an  acquaintance,  who  was  fully  informed  of  what  Mr. 
Gainsborough  had  in  hand.  This  circumstance,  as  here  related,  receives  some 
confirmation  by  a  declaration  of  Mr.  Gainsborough,  the  painter,  to  Mr.  T.  Moore, 
late  secretary  to  the  Society  for  the  encouragement  of^  the  Arts,  who  gave  the 
writer  [Hornblower]  the  information ;  and  it  is  well  known  that  Mr.  Gains- 
borough opposed  the  petition  to  parliament,  through  the  interest  of  General 
Conway."  It  is  needless  to  go  into  the  details  of  this  controversy,  but  it 
appears  that  this  same  Mr.  T.  Moore  declared  upon  oath,  in  the  trial  of  the  cause 
Bolton  V,  Bull,  in  1792,  ^'that  he  never  saw  the  principles  laid  down  in 
Mr.  Watt's  specification  either  applied  to  the  steam-engine  previous  to  his  taking 
it  up,  or  ever  read  of  any  such  thing  whatever."  This  singular  discrepancy 
cannot  now  be  reconciled ;  but,  whether  Hornblower 's  allegation  be  founded  in 
truth  or  in  detraction,  Mr.  Watt's  claim  to  origmality  of  thought  in  this 
respect  has  been  generally,  if  not  universally,  admitted. 

To  resume : — The  discovery  thus  made  gave  birth  to  other  and  important 
improvements.  Having  obtained  so  great  a  preventive  of  loss,  it  became  a  rea- 
sooablc.  and  almost  necessary  consequence  of  thought,  that  the  heat  of  the 
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cylinder/now  undiminished  by  tlie  injection  of  cold  water,  iihould,  if  possible,  be 
constantly  maintained ;  this  it  was  impossible  to  effect  so  long  as  the  cylinder 
should  remain  open  at  the  top,  as  heretofore,  because  the  descent  of  the  piston 
being  accompanied  by  the  descent  of  cold  air  on  its  *  upper  surface,  a  large 
portion  of  the  caloric  would  be  abstracted  from  the  sides  of  the  cylinder,  and 
the  steam  admitted  on  the  next  ascent  of  the  piston  become  prematurely  con- 
densed. Besides,  the  layer  of  water  resting  on  the  upper  surface  of  the  piscon 
to  make  it  air-tight,  would  become  heated  into  steam  on  its  descent  by  the  in- 
ternal superfices  of  the  cylinder,  and  its  office  quickly  neutralized.  Mr.  Watt's 
fertile  genius  immediately  suggested  to  him  the  expedient  of  employing  the 
elasticity  of  the  steam  from  the  boiler  to  impel  the  piston  down  the  cylinder ^  in 
place  of  the  pressure  of  the  atmosphere.  He  therefore  determined  to  close  the  top 
of  the  cylinder  entirely,  excepting,  of  course,  so  much  of  it  as  would  allow  the  pas- 
sage of  tlie  piston  rod,  so  as  cffeclually  to  prevent  the  ingress  of  cold  air  from  above, 
or  the  escape  of  steam  from  below  the  piston,  and  thus  concerting  the  **  atmosphe- 
ric'* engine  into  a  machine  wholly  and  indeed  impelled  by  the  power  of  steam. 

Note. — To  this  modification  is  now  applied  the  term  "  low-pressure,"  in  order 
to  distinguish  it  from  both  the  **  high-pressure"  and  the  **  atmospheric"  engine. 

It  has  been  before  stated  that  Mr.  Watt's  early  experiments  were  conducted 
with  very  simple  agents,  using  apothecaries'  phials,  and  similarly  cheap  and  im- 
perfect materials,  as  his  time  ana  his  means  permitted  :  favouring  circumstances 
enabled  him  to  carry  them  into  business  practice.  (laving  added  to  his  other 
Tftried  pursuits  that  of  a  land-surveyor,  he  accidentally  became  acquainted  in 
that  capacity  with  Dr.  Roebuck,  an  English  physician,  who  was  at  that  period 
realizing  a  handsome  fortune  from  the  manuracture  of  sulphuric  acid ;  and  being 
a  man  of  capital  and  enterprise,  Watt  communicated  to  him  the  result  of  his 
labours,  and  an  alliance  was  thus  formed  which  led  to  a  partnership  speculation. 
In  the  year  1 7G9,  some  time  after  Watt  had  effected  his  improvements  in  the 
steam-engine,  a  patent  was  applied  for,  and  obtained  in  their  joint  names ;  and 
extensive  preparations  were  made  to  erect  engines  on  a  large  scale.  Roebuck, 
however,  soon  ntlerwards  became  embarrassed,  in  consequence  of  engaging  upon 
acme  mining  speculations,  and  unable  to  make  the  pecuniary  advances  necee- 
aary  to  prosecute  the  joint  undertaking;  and  Watt  was  once  more  baffled  in  his 
efforts  to  carry  his  improvements  into  profitable  effect.  But  just  as  he  was  on 
the  point  of  abandoning  his  schemes  an  overture  was  made  to  him  on  behalf  of 
Mr.  Matthew  Bolton,  at  that  time  an  engineer  of  eminence,  large  connexions, 
and  considerable  capital,  to  purchase  Roebuck's  share  of  the  patent ;  to  this 
proposal  Watt  of  course  gladly  assented,  and  in  1773  a  partnership  between  Mr. 
Dolton  and  Watt  was  effected. 

The  interval  which  had  thus  elapsed  between  the  date  of  the  patent  and  the 
formation  of  the  new  partnership,  occasioned  Watt  much  alarm,  lest  the  duration 
of  the  term  should  expire  before  the  patent  could  be  made  profitable,  or  reimburse 
bim  the  expenses  incident  to  the  arrangements  which  were  necessary  to  the 
manufacture  of  the  engines.  At  the  suggestion  of  Bolton  and  other  friends,  and 
supported  by  their  influence,  he  applied  to  Parliament  for  an  extension  of  the 
tierro,  which,  after  a  slight  opposition,  was  granted  for  25  years,  to  be  computed 
from  the  time  of  that  application,  namely,  1775  ;  an  extension  highly  creditable 
to  the  legislature  which  could  foresee  the  commercial  value  of  the  invention  as 
thus  improved,  and  reward  the  man  to  whose  genius  it  was  made  valuable  by 
granting  to  him  so  prolonged  a  monopoly.  And  it  may  be  here  remarked  that 
—  such  was  the  prejudice,  the  doubt,  or  the  dislike  to  novelty,  on  the  part  of 
the  public — the  sum  of  very  nearly  50,000/.  was  expended  by  Bolton  and  Watt 
in  the  manufacture  of  the  improved  engines  before  they  realized  any  return  I 
This  fact  is  a  very  sufficient  extenuation  for  the  somewhat  dangerous  precedent 
which  the  parliament  afforded  by  its  liberal  extension  of  individual  privilege  to 
an  inventor. 

To  give  a  detailed  account  or  illustrative  diagrams  of  the  various  machines 
erected  from  time  to  time  about  this  period  by  Mr.  Watt  would,  in  this  rapid 
sketch  of  the  early  history  of  the  steam-engine,  and  our  necessarily  restricted 
space,  be  quite  impossible ;  new  modifications  and  diversities  of  arrangement 


720  STEAM-ENGINES. 

were  contrived  by  hini  to  inpet  local  cxEger.cies  sccording  to  the  rarioniiHth 
alioni  vrhfre  hia  engines  were  rc<|uired,  and  to  (he  work  they  faad  tn  peifwL 
Of  coune  improveiiicnt  grew  upon  improvements  thej' became  miiitipltFd  in 
use,  and  at  no  one  en^ne  was  the  exact  counterpart  of  any  that  bad  bmi  pn- 
viously  erected,  it  will  be  sufHcient  to  explain  the  nature  and  object  ofhii 
principal  contrivances  by  tlie  simpteat  illuttrationi. 

Let  A  represent  the  cylinder  (in  vKuA  tb 
piilnn  h  works)  externally  «inTounded  hj  t 
second  cylinder  or  jacket  b  b,  leaving  ■  <a>lll 
space  g,  all  round  between  the  two ;  Uiii  tpa* 
S  eommimicaies  by  a  large  pipe  /,  aith  ^ 
boiler,  and  always  full  of  steam,  so  as  to  ke^ 
the  cylinder  A  at  the  same  heat  with  the  tUtm 
to  be  sdmitled,  and  to  prevent  it*  condenuliia; 
the  jacket  b  is  fumiahed  with  a  lid  e,  whiehbn 
B  hole  in  the  centre  for  the  piaton  rod  a  (m- 
nected  with  the  beam)  to  pass  thnxigb.  Tb 
rod  is  made  truiy  cylindrical,  so  that  the  Ml 
can  be  kept  Blean>-tighc  by  a  collar  of  oakun 
screwed  ronnd  it  at  r.  The  inner  crlindcri 
has  a  close  bottom,  and  the  jacket  i  joiinii 
the  same;  but  the  top  of  the  mtemal  cj-lindft 
does  not  reach  quite  up  to  the  lid  of  llw  mM 
cylinder  or  jacket  (,  by  which  means  thettMB 
has  always  free  access  to  the  top  of  the  pisH 
h,  from  the  space  g  between  the  cylmdm;  tti 
consequently  from  the  boiler  through/  Jl 
the  bultom  part  of  the  inner  t^liader  tlint  *n 

two  regulating  valves,  o  and  t,  one  of  which, 
o,  either  admits  the  steam  to  pan  from  the 
surrounding  cavity  g,  through  a  passage  t,  into 
the  space  of  the  interior  cylinder  below  the  pia- 
ton, or  shut  out  the  steam  from  tliat  space  at 
pleasure ;  the  other  valve  t,  opens  or  shuts  the 
end  of  the  eduction  pipe  m,  nhich  lead*  to  the 
condenser  e.     This  condenser  is  a  close  vessel, 
made  of  thin  metal,  and  Furnished  with  an  air- 
pump  n,  having  valves  and  a  bucket  r,  for  ex- 
Jiauating  the  air,   and  drawing  off  the  water 
produced  by  the  condensalian  of  the  sleom, 
along  with  the  air  extricated  from  the  water  in 
boiling,  a[id  rising  with   the  steam.     The  air- 
pump  is   constructed   Uke   a   common  pump, 
except  that  it  has  a  lid  or  cover  on  the  top  of 
the  barrel,  to  keep  the  pressure  of  the  atmo- 
sphere from  bearine  constantly  upon  the  buckeL    The  rod  i^of  the  bucket  i 
through  a  stuffing-box  in  the  lid,   and  is  suspended  by  a  chain  fi 
working  beam  of  the  engine.     The  condenser  /.  and  the  air-pump 
in  a  large  cistern  of  cold  water  x,  which  may  be  supposed  to  be  aituated— 
tlie  floor  of  the  engine-house,   between  the  cylinder  and  the  wall  on  wUeb  >kt 
beam  is  supported,  and  supplied  constantly  with  fresh  cold  vatcr  from  a  ««■ 
pump  worked  by  tlie  engine. 

Now,  suppose  steam  be  allowed  to  enter  through  /  into  y,  between  ik 
jacket  and  tlie  cyUnder,  and  also  the  upper  part  of  the  cylinder  above  lb 
E'*""j'  ^^^  condenser  I  is  exhausted  of  its  air  by  opening  both  valves  fl  ^ 
1  °!j  '*"i''^  tlie  steam  blow  through  it;  when  this  ia  effected,  and  the  lahw 
closed,  tlie  external  cold  in  i  condenses  it  and  leave*  a  vaeoum  in  tbecM- 
denser,  whilst  the  cylinder  A  is  al!  the  whUe  full  of  rteam  from  the  sp>«f 
Botn  above  and  hc-low  the  piston  bU;  the  steam-valve  o  being  abut,  cnH  cfd 
communication  with  the  under  side  of  ti.e  pUlon  from  the  atelni  ing,  or  i.  iW 
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boiler ;  and  at  the  same  time  the  exhausting-valve  k  from  the  condenser  is 
opened,  when  the  steam  rushes  with  great  violence  from  the  space  of  the 
cylinder  A,  below  the  piston,  through  the  eduction  pipe  i»,  into  the  vacuum  of 
the  condenser,  till  it  comes  in  contact  with  the  cold  sides  of  the  condenser  /. 
The  steam  becomes  immediately  deprived  of  heat  and  reduced  into  water,  and 
a  vacuum  is  thus  made  beneath  the  piston  h.  The  steam  above  the  piston 
ceasing  to  be  counteracted  by  the  steam  that  was  below  it,  presses  between  the 
top  of  the  piston  and  the  bottom  of  the  lid  c,  with  its  whole  elastic  force,  and 
causes  the  piston  to  descend  to  the  bottom  of  the  cylinder,  carrying  along  with 
it  the  beam,  and  raising  the  pump-buckets  at  the  other  end.  The  exhausting- 
valve  k  is  then  shut,  and  the  steam-valve  o  opened,  which,  allowing  the  steam 
to  enter  below  the  piston,  leaves  it  at  liberty  to  rise ;  in  which  case  tne  superior 
weight  of  the  pump-rods  raises  the  piston  to  the  top  of  the  cylinder,  ready  to 
commence  another  stroke. 

This  will  serve  to  exemplify'  the  mode  by  which  the  steam  contained  in  the 
cylinder  becomes  condensed  in  a  separate  vessel,  and  the  improvements  which 
that  discovery  of  itself  almost  necessarily  suggested ;  namely,  the  enclosure  of 
the  cylinder  to  prevent  the  loss  of  heat  which  it  imbibed  from  the  steam^;  the 
employment  of  an  upper  plate,  c,  by  which  the  cold  atmospheric  air  that  fol- 
lowed the  descent  of  the  piston  might  be  excluded,  and  tne  elasticity  of  the 
steam  substituted  for  atmospheric  pressure ;  and  the  piston  made  effectudly  air 
and  steam-tight.  The  wood-cut  on  the  following  page  (marked  Watt's  Engine) 
will,  however,  convey  a  more  eeneral  idea  of  the  engine,  with  some  of  the 
subsequent  improvements  and  additions. 

a  the  cylinder ;  c  the  8ti{fflng-box,  through  which  the  piston-rod  passes.  The 
lower  part  of  this  stuffing-box  consists  ^  a  hoop,  with  a  flanch  and  screw- 
holes  ;  the  interior  of  this  hoop  is  of  greater  capacity  than  the  piston-rod,  and 
supplied  with  some  soft  substance  (hemp  or  cotton)  to  surround  the  piston  rod ; 
the  upper  part,  or  cover,  of  tlie  stuffing-box,  is  less  than  the  interior  of  the 
lower  that  contains  the  ''stuffing;"  and  being  screwed  down  upon  it,  presses 
the  stuffing  closely  round  the  piston-rod,  and  thereby  prevents  the  escape  of  the 
steam  from  the  cylinder,  d  the  working-beam,  restmg  upon  its  centre  e^  and 
connected  at  one  end  to  the  piston  rod,  at  the  other  to  the  oar/.  To  the  cylin- 
der a  (which,  in  this  modification,  has  no  external  jacket)  is  attached  a  tube, 
through  which  the  steam  is  allowed  to  pass  above  and  below  the  piston,  through 
the  pipe  Z,  connected  with  tli#  boiler ;  in  this  tube  are  placed  valves,  one 
above,  and  one  below  the  wAnt  of  iunction  with  Z,  which  are  moved  by 
external  levers.  Now  supposmg  the  mowing-valve  to  have  been  opened,  and 
the  vacuum  formed  in  the  condenser  in  the  manner. before  described,  the  steam 
rushing  through  the  upper  elbow  of  the  tube  upon  the  piston,  forces  it  to 
descend  to  the  bottom  of  the  cylinder ;  by  this  action  the  lever  1  is  turned 
downwards,  by  means  of  tappets  placed  on  the  pump  rod  4,  and  shuts  ^at 
valve ;  whilst  2,  on  a  pipe  behind  that  which  we  see,  opens  a  passage  to  the 
condenser.  The  lever  3  is  at  the  same  time  opened,  admitting  steam  under  the 
piston,  which  consequently  ascends.  5  is  a  rod  connected  witn  the  discharging- 
pump  attached  to  the  condenser ;  6  a  small  pump,  which  supplies  the  houer 
with  heated  water  from  the  condenser. 

The  vertical  descent  of  the  piston  rod  (through  the  stuffing  box)  by  its  attach- 
ments to  the  beam,  is  explained  in  the  article  Parallel  Motion,  and  need  not 
here  be  repeated. 

The  wood-cut  also  exhibits  some  excellent  contrivances,  which,  though  applied 
by  Watt  at  a  subsequent  period,  may  here  as  well  be  described.  He  had  em- 
ployed the  fly-wheel,  in  order  to  equalise  the  motion  of  the  piston  in  the  cvlinder 
(see  article  Fly)  ;  but  as  it  became  an  important  object  to  convert  the  alternate 
motion  into  a  rotary  one,  he  applied  himself  to  the  discovery  of  a  ready 
means  of  effecting  it  The  crank  (see  article  Crank)  could  have  been  appro- 
priated to  this  purpose ;  but  a  patent  was  at  that  time  in  force  for  the  excuisive 
adaptation  of  it  by  another;  and  as  some  dispute  had  arisen  upon  the  subject, 
Watt  was  compelled  to  resort  to  some  other  mode,  by  which  a  similar  effect 
might  be  achieved,  without  the  invasion  of  another's  privilege.    This  ended  in 
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wheel  ihat  can  revolve  upon  its  axis  ;  o  is  likewise  a  toothed  wheel  JLced  to  the 
fly.  As  the  beam  rises  the  planet  wheel  h  is  drawn  up  on  the  circumference  of 
the  sun  wheel,  and  turns  it  round,  causing  the  sun  wheel  to  make  two  revolutions 
while  the  planet  wheel  travels  once  over  its  circumference;  the  momentum  of 
the  fly  beine  sufficiently  powerful  to  preserve  the  tendency  of  the  machinery  to 
revolve  in  the  same  direction  during  the  change  of  motion  in  the  piston,  and  to 
urge  the  planet  wheel  over  the  inactive  points  in  its  circuit,  the  continued  rotary 
motion  becomes  at  once  effected,  and  with  this  advantage,  that  as  the  fly  makes 
twice  the  number  of  revolutions  it  would  make  by  the  common  crank,  a  lighter 
body  of  material  composing  the  fly  is  required.  There  are,  however,  several 
disadTantages  attending  this  mode  of  converting  an  alternate  into  a  rotary 
motion^  such  as  being  more  complex,  expensive,  and  liable  to  derangement. 

One  of  the  last  improvements  made  by  Watt  upon  his  engines  was  the 
application  of  a  fine  piece  of  mechanism  which  had   oeen  previously  used  for 
odier  objects — the  governor  or  regulator.     The  invention  has  been  ascribed,  but 
tmpn^>eriy,  to  Watt ;  and  although  it  is  Mid  that  the  notion  of  applying  it  to 
■team-engines  was  first  suggested  by  a  Mr.  Clarke  of  Manchester,  it  does  not 
appear  that  he  ever  carried  it  into  practice.   The  governor  8  is  composed  of  two 
bails,  fixed  each  to  a  lever  attached  to  other  and  shorter  levers,  u  u,  above  the 
point  of  junction,  the  latter  being  fixed  by  a  movable  joint  to  a  slider  tr,  moving 
freely  on  the  vertical  rod  s.  The  horizontal  lever  tv  H  has  a  fhlcrumi  and  raises 
or  lowers  anotlier  lever  II  Z,  which  is  attached  to  a  valve  inside  the  steam-pipe 
at  Z.     On  the  pulley  is  a  cord  q  proceeding  from  the  fly-wheel ;  by  this  means 
a  rotary  motion  is]  given  to  the  vertical  rod,  and  the  balls  by  their  centrifugal 
Ibrce  (vide  article)  rising  outwards,  draw  downwards  the  slider ;  which  movement 
raiiet  the  opposite  end  of  the  horizontal  lever  H,  which  acting  on  the  lever 
connected  to  it,  opens  or  shuts  (as  it  may  be  adjusted)  the  valve  Z  inside  the 
steam  pipe,  and  diminishes  or  enlarges  the  area  by  which  the  steam  flows  into 
the  cylinder.     The  fall  of  the  balls  when  the  motion  decreases,  reverses  all 
these  movements  of  course ;  and  by  thus  enlarging  or  contracting  the  steam- 
way,  and  admitting  more  or  less  steam  into  the  cylinder,  the  impulse  of  the 
piston  is  rendered  much  more  iniiform.     The  valve  in  this  part  of  the  steam- 
pipe  is  now  called  the  throttle  valve,  and  the  regulating  pendulum  the  governor. 
Several  of  the  arrangements  just  described,  were  not  conceived  until  a  long 
time  after  the  period  at  which  we  have  arrived ;  but  as  the  explanation  may 
lead  to  a  clearer  understanding  of  the  subsequent  advances  of  the  engine,  it  was 
thought  better  to  step  a  little  out  of  the  regular  course  of  narration.     Besides, 
the  reader  will  at  once  perceive  that  the  engine,  as  thus  improved,  became  an 
almost  self-regulating   power,  freed  from    trie   capital  difficulties   which  had 
heretofore  beset  it. 

With  these  grand  outlines  of  an  excellent  work  before  him,  Mr.  Watt,  sup- 
ported by  the  enterprising  spirit  and  pecuniary  resources  of  his  partner  Bolton, 
could  now  turn  his  exclusive  attention  to  the  perfection  of  the  engine.  Another 
most  valuable  improvement  had  suggested  itself  to  his  mind  so  far  back  as 
1769,  bat  it  was  not  carried  into  full  effect  by  him  until  nine  years  subsequently 
and  became  the  subject  of  a  new  patent,  granted  to  him  in  March  1782,  for  an 
expammon  engine. 

With  an  engine  constructed  on  the  old  plan,  it  was  necessary  that  a  careful 
estimate  should  be  made  of  the  work  to  be  performed,  so  that  it  should  fully  exe- 
cute its'task  without  its  power  exceeding  the  load  to  an  extravagant  degree ;  because 
such  a  circumstance  would  occasion  a  motion  so  rapid,  that,  acting  nlternately 
in  opposite  directions,  no  building  or  machinery  could  withstand  the  jolts  and 
shocks  produced  thereby.  Many  engines  had  been  shattered  by  the  pumps 
drawing  air,  or  by  a  pump  rod  breaking,  by  which  accidents  the  steam  piston 
descended  with  such^rapidity  and  violence  that  every  thing  gave  way  before  it. 
Besides  the  waste  of  fuel,  the  difficulty  of  management,  and  increase  of  cost, 
in 'an  engine  so  constructed  that  it  shall  be  superior  to  its  ordinary  tasks,  were 
great  drawbaclts  upon  its  general  efficiency.  The  expansion  engine,  however, 
removes  these  disadvantages,  as  it  can  at  all  times  be  precisely  proportioned,  at 
least  during  the  working  stroke,  to  the  load  of  work  that  then  happens  to  be 
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upon  it  This  is  effected  by  shutting  off  the  further  entrance  of  steam  from  tb« 
boiler  when  the  piston  has  been  pressed  down  in  the  cylinder  for  a  certain  pro- 
portion of  its  total  descent  (say  one-half,  one-third,  one-fourth,  and  so  on) 
and  then  leaving  the  remainder  of  the  descent  to  be  accomplished  by  the  expan- 
sive force  of  that  steam  which  is  already  introduced  into  the  cylinder.  By  this 
means  the  acting  force  becomes  regulated,  and  the  pins  are  so  placed  in  the  plug 
frame  as  that  the  valve  shall  be  closed  at  the  moment  the  piston  arrives  at  its 
prescribed  limit  in  the  cylinder.  Tlie  piston  first  pressed  down  by  steam  from 
the  boiler  to  this  extent,  the  same  body  of  steam  expands ;  and  though  diminished 
in  elasticity,  it  will  he  sufficient  to  complete  the  full  descent  of  the  piston. 

When  the  steam  is  shut  off  at  a  portion  of  the  descent  in  this  manner,  the 
pressure  on  the  piston  is  continually  diminishing,  as  the  steam  becomes  more 
and  more  rare  ;  and  consequently  the  accelerating  force  which  works  the  engine 
diminishes.  The  motion  of  the  descent,  therefore,  will  no  longer  be  uniformly 
accelerated,  but  rather  retarded ;  and  by  contriving  the  connecting  machinery 
in  such  a  way  that  the  chains  or  rods  at  the  outer  end  of  the  beam  shall 
continually  exert  the  same  pressure  to  lift  the  pump  rods,  or  that  the'machincry 
shall  vary  its  force  according  to  the  necessity,  the  force  of  the  piston  upon  the 
beam  and  pump-rods  can  be  regulated  at  pleasure,  and  be  made  to  produce  an 
uniform  effect. 

It  is  remarkable  that  the  endeavours  of  Mr.  Watt  to  economize  steam,  and 
equalize  the  descent  of  the  piston,  by  the  mode  just  described,  should  have  led 
to  an  accidental  discovery  of  great  value,  which,  without  giving  the  elaborate 
calculations  that  demonstrate  the  fact,  may  be  thus  explained.  He  found  that 
steam  'admitted  into  a  cylinder  to  one-fourth  of  its  depth,  and  exerting  a 
pressure  of  6333  pounds,  when  allowed  to  expand  into  the  whole  capacity  of  the 
cylinder,  added  a  pressure  of  8781  pounds  ;  and  moreover,  that  had  the  cylinder 
been  filled  with  steam  of  the  same  force,  and  exerting  the  accumulated  pressure 
(6333  X  4)  25.332  pounds,  the  steam  expended  in  that  case  would  have  been 
four  times  greater  than  when  it  was  stopped  at  one-fourth ;  and  yet  the 
accumulated  pressure  was  not  twice  as  great,  being  nearly  five-thirds.  One-fourth 
of  the  steam  performs  nearly  three-fifths  of  the  work,  and  an  equal  quantity 
performs  more  than  twice  as  much  work  when  thus  admitted  during  one-fourth 
of  the  motion. 

The  advantage  of  this  method  of  working  a  steam-engine  increases  in  pro- 
portion, as  the  steam  is  sooner  stopped  to  the  extent  indicated  in  the  annexed 

(marginal)  table.  Let  the  steam  be  stopped  at  either  of  the 
jl  .  .  .  1.7  depths  of  the  cylinder  stated  in  the  first  column,  and  its 
^  .  .  .  2.1  performance  will  be  multiplied  to  a  degree  corresponding 
4  .  .  .  2.4  with  the  figures  placed  opposite  to  each  division.  This 
s  .  .  .  2.6  advantage,  also,  is  more  fully  obtained  when  steam  of  an 
^  .  .  .  2.8  elastic  pressure  considerably  greater  than  the  atmosphere  is 
^  .  .  .  3.0  employed ;  the  increase  of  the  force  of  steam  heated  much 
^  .  .  .     3.2        above  the  boiling  point  being  rendered  very  great  by  a  small 

increase  of  heat;  ''thus,  at  212°  the  steam  is  equal  to  the 
atmosphere  ;  by  only  increasing  the  heat  40^,  or  to  about  252°,  a  double  pressure 
(or  two  atmospheres)  is  obtained ;  and  the  further  increase  of  30o,  or 
about  282**  makes  an  additional  force  equal  to  three  atmospheres ;  &^in  24° 
higher,  or  about  306oi  makes  the  steam  equal  to  four  atmospheres ;  [The  law 
in  this  respect  has  been  since  determined  with  precision.  Seepage  737.]  Now 
it  follows  as  a  consequence,  that  if  such  small  accessions  of  heat  produce  so 
rapid  an  increase  of  the  expansive  force,  small  abstractions  of  heat  from  highly 
elastic  steam  will  also  reduce  its  elasticity  in  an  equal  degree ;  so  that  steam 
highly  heated  is  more  readily  diminished  in  bulk  by  the  application  of  cold 
than  weaker  steam ;  that  is,  it  can  be  more  readily  reduced  in  its  pressure  to 
any  certain  proportion  of  the  pressure  it  had  before." 

To  obtain  the  full  advantage  of  the  varying  forces,  it  was  necessary  to  have 
some  contrivance  by  which  the  effect  of  the  engine  on  the  work  it  is  performing 
should  be  uniform,  or  nearly  so,  and  Mr.  Watt  devised  many  different  methods 
for  this  puipose ;  but  they  were  never  applied  to  hb  engines  to  any  notable 
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at ;  contenting  himielf  with  tmplojHng  iteain  a  little  greater  in  prenure  tfaan 

of  the  atraotpbere,  and  stopping  the  supply  at  one-fourth  or  one-third  of  the 
ent,  according  to  the  circumitances  under  which  the  engineworked.  And 
gh  the  curioiu  and  important  facta  ihui  elicited  hy  Mr.  Watt'»  endeavoura 
onomize  steam  were  not  made  extensively  subteivient  to  his  lues,  they 
d  the  way  to  new  improvements  at  a  auhseque&t  period  by  other  p«nont, 
b  will  be  noticed  and  illustrated  in  the  proper  place. 

»  enonnous  loss  of  power  occasioned  by  eiteniive  friction,  by  the  alter- 
ig  action  of  the  engine,  and  by  the  wear  and  tear  of  its  part*  Ironi  these 
other  causes,  became  apparent  to  him  at  an  early  period  of  his  pontuta; 

whilst  stitl  engaged  in  the  perfection  of  his  machines  constructed  upon  the 
^lea  before  described,  he  hod  diverted  his  ipeeulations  into  a  new  channel, 
wr  to  discover  a  means  hy  which  this  loss  could  be  repaired.  The  patent 
tod  to  him  in  1769  includes  the  description  of  a  mode  for  obtaining  the 
tive  power  of  steam  unburlhened  by  these  deteriorations,  namely,  by  giving 
eolai  motion  to  a  wheel, "or  in  other  words,  a  Rotary  Engine ;  but  from  the 
nrity  of  the  specification  on  this  head,  which  rather  suggests  than  explains 

»  contrivance,  it  is  very  evident  that  little  more  than  a  crude  conception  of 
racture  had  at  that  time  occurred  to  his  mind. 
t  is  Temarkahle)  enough  that  no  drawings  accompany  the  explanalim  of 

at  any  one  of  the  six  inventions  included  in  tbu  tamous  patent.  Mr. 
t  has  been  a  good  deal  assailed  on  account  of  the  vagueness  and  ambiguity 
hich  aU  his  descriptions  are  involved,  and  which  harsh  commentators  scruple 
a  aver  was  premeditated.  The  very  natural  desire,  in  a  mind  teeming  with 
Illations,  and  confident  in  iu  own  resources,  to  take  first  ground,  superadded 
le  eoinmercial  shrewdness  for  which  his  countrymen  are  proverbial,  may 
iUv  explain  this  over-cautious  effort  at  self-protection.] 
f  bii  own  statement  it  would  appear,  that  "a  steam-wheel  moved  by  force 
eim  acting  in  a  circular  channel  against  a  valve  on  one  side,  and  agaiott  a 
nn  of  mercory  or  other  fluid  metal  on  the  other  side,  was  executed  at  Soho, 
manufactory  of  Bolton  and  Watt  at  Birmingham,)  upon  a  scale  of  six  feci, 
tried  repeatedly,  but  was  given  up,  as  several  objections  were  found  against 
What  these  objections  were,  is  not  declared ;  but  this  part  of  his  patent  wm 
I  value  beyond  identifying  hii  name  as  the  first  suggestorofaRotary  Engine, 
idieartened  by  the  first  failure,  he  again,  in  the  same  year,  1782,  obtained  a 
id'and  distinct  patent  for  two  other  devices  on  a  similar  principal.  These 
m  shortly  describe. 
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c  e,  in  tlie  preceding  figure,  representi  a  drum  or  cylinder,  of  any  given  diuen- 
sioni,  Bay  a  foot  deep;  and  ibree  feet  in  diameter,  a,  an  axle  pauing  tbrongfa 
sluflilng  boxes  in  the  closed  endi  or  covers  of  the  cylinder  h,  the  pislou  packed 
at  the  ends  which  rub  against  the  cylinder,  and  at  the  sides  which  rub  agaiml  the 
covers,  to  render  it  steam  tight ;  this  piston  is  inflexibly  attached  to  the  axis  a. 
e,  a  valve  or  flap  turning  upon  a  joint  or  pivot  f.  the  concave  aide  being  a 
legment  of  a  circle  of  the  same  radios  a>  the  cylinder.  It  extends  the  «baU 
depth  of  the  cylinder,  it  packed  on  its  sides,  and,  when  abut,  fills  the  space  at  ^ 
g,  the  pipe  for  admitting  steam  from  the  boiler;  A,  the  pipe  for  its  escape  ioto 
a  condenser.  Steam  being  admitted  through  ^,  prewes  equally  upon  r  and  i; 
but  b  being  stopped  agabst  the  axle,  the  piston  b  recedes  from  the  pressure,  and 
turns  the  axle  a  and  a  heavy  fly-irbeel  round  with  it.  This  motion  is  continued 
imtil  the  convex  surface  of  b  comes  in  contact  with  the  concave  surface  of  t, 
and,  by  (he  momentum  thus  acquired,  forces  f  into  the  recess  d,  until  the  pisloa 
again  posses  g,  when  the  valve,  falling  by  ita  gravity  (or  moved  by«  lever)  into 
its  first  position  allows  another  portion  of  steam  to  enter  and  act  as  before,  the 
steam  contained  in  the  drum  passing  off  at  the  eduction  pipe  h. 

It  will  be  readily  understood  that  the  enormous  viasle  of  steam  in  working 
this  engine,  the  shocks  causeil  by  the  motion  of  (he  vnlve,  and  the  facility  5 
derangement  generally,  are  capital  objections  to  this  device,  which  became  as 
speedily  abandoned  as  the  first.  The  third  contrivance,  however,  ntu  rttj 
much  superior. 


The  cylinder  dd  ia  similar  to  the  last,  the  interior  of  which  is  Hhown  in  the 
cut ;  a  the  axle,  to  which  is  attached  the  piston  b,  as  before,  made  steam-tight  by 
packing,  c  a  metal  projection  from  a  portion  of  the  cylinder  to  the  axii<.  ef 
two  vwves,  to  admit  sleam  from  the  pipe  g  into  the  cy^nder  on  each  side  of  c 
alternately,  o/volves  for  changing  the  direction  of  the  steam  ;  i^' valves  acting 
in  conjunction  with  ef,  so  as  to  open  or  shut  off  a  communication  with  the  con- 
densers Ik,  tbrousb  the  pipe  h,  at  the  proper  time.  Levers  arc  attached  to  the 
rods,  by  which  these  valves  are  worked,  from  lappeta  on  the  pump-rods  r^. 
Steam  being  admitted  from  the  boiler  through 'the  pipe  y  into  the  steam-chest, 
the  valve/being  open,  rushe«  up  the  pipe,  and  into  the  cylinder,  between  the 
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piston  and  stop  c.  TIic  piston  receding  from  the  pressure  drives  the  air  in  the 
cylinder  through  the  other  pipe,  and  down  through  the  valve  j  into  the  con- 
denser, whence  it  escapes  by  the  pump  /.  The  revolution  of  tlie  piston  con- 
tinues until  it  reaches  c,  on  the  other  side,  when  it  is  stopped  ;  but,  previously 
to  this,  the  valves /  and  i'  have  been  shut  by  their  respective  levers,  whilst  e  and 
i  have  been  opened.  1  he  steam  has  now  access  through  e  to  the  other  side  of 
the  piston,  and  turns  it  in  tlic  contrary  direction ;  the  steam  which  last  per- 
formed its  office  escaping  down  througn  t  to  the  condenser.  The  first  operation 
is  then  repeated,  reversing  the  motion  of  the  piston  as  soon  as,  or  before  it 
comes  in  contact  with  the  other  side  of  ^.  nm  are  two  toothed  wheels  attached 
to  the  axle  a,  which  work  (as  shown)  by  racks,  the  pump-rods  op,  and  the 
smaller  pump-rods  q  r.  Hie  former,  o  p^  are  supposed  to  draw  water  from  a 
mine;  the  smaller  ones  only  work  the  condensing  pumps  kL 

This  is  certainly  a  more  skilful  contrivance  than  either  of  the  preceding ; 
but  still  the  loss  of  steam,  and,  consequently,  of  fuel,  must  be  considerable. 
Notwithstanding  its  plausible  features,  the  engine  was  never  carried  into  prac- 
tical execution ;  and  Mr.  Watt  8ubse(|uently  de\iscd  another  rotary  engine,  which 
is  included  in  a  patent  obtained  by  him  in  1 78-1 :  upon  trial,  however,  it  was 
found  to  have  little  or  no  power ;  and,  therefore,  a  dcscri])tion  of  it  is  unneces- 
sary- nis  attempts  to  produce  an  effective  machine  on  this  principle,  were 
unaoubted  failures ;  but  still  they  opened  up  a  path  which  led,  and  may  lead, 
to  other  and  more  successful  efforts  by  other  engineers. 

We  shall  close  the  narrative  of  Mr.  Watt's  inventions  by  a  very  brief  notice 
of  his  double-acting  engine.  The  first  engine  of  this  kind,  by  which  the 
machinery  should  be  impelled  equally  in  ascending  and  descending,  was  pro- 
posed in  1779  by  Dr.  Falc,  in  a  published  account  of  a  machine  which,  with 
the  same  quantity  of  fuel,  and  in  an  equal  space  of  time,  he  suggested  might 
be  made  to  raise  above  double  the  quantity  of  water  raised  b\' any  lever  engine 
of  the  same  dimensions.  It  would  appear,  however,  that  Mr.  Watt  had  long 
preyicNialy  contemplated  an  action  of  this  kind,  and  had  actually  explained  and 
produced  a  drawing  of  it  to  the  House  of  Commons,  in  1774,  upon  the  occar 
■ion  of  his  petition  for  a  prolongation  of  the  term  of  his  patent.  In  that 
explanation  he  showed,  that  after  the  piston  had  been  pressed  by  the  steam  to 
the  bottom  of  the  cylinder,  by  shutting  off  the  connexion  between  the  upper 
part  and  the  boiler,  and  opening  a  communication  between  it  and  the  under 
side  of  the  cylinder,  the  steam  by  this  means  could  be  made  to  raise  as  well  as 
depren  the  piston  into  a  vacuous  space,  which  might  be  made  above  and  below 
ii  altemaiely ;  and  thus,  by  a  slight  alteration  in  the  office  of  his  valves,  and 
the  introduction  of  another,  a  new  and  valuable  action  of  his  engine  might  be 
obtained,  which  should  not  only  free  it  from  the  dead  weight  of  counteqioises 
that  had  previously  encumbered  the  invention,  but  add  most  importantly  to  its 
efficacy. 

Our  limits  are  too  restricted  to  describe  this  excellent  modification  of  the 
single-impulse  engine,  nor,  indeed,  is  it  actually  necessary.  The  reader,  who 
has  made  himselt  acquainted  with  the  details  before  given,  will  readily  con- 
ceive a  manner  of  effecting  it;  besides,  the  notices  that  will  follow  of  the 
improvements  made  by  other  eminent  persons,  will  necessarily  involve  parti- 
culars which,  of  themselves,  will  supply  the  deficiency. 

The  first  machine  on  this  principle  was  executed  somewhere  about  the  year 
1781,  and  the  first  public  exhibition  of  it  a  few  years  afler.  In  the  patents  of  1782 
and  1784  the  invention  of  the  parallel  motion  before  alluded  to,  with  other  inge- 
nious contrivances,  and  the  application  of  the  governor  are  specified ;  contrivances 
that,  by  diminishing  the  consumption  of  steam  and  of  fuel,  keeping  tlie  engine 
alwaya  at  a  uniform  velocity,  and  rendering  its  regularity  permanent  and  easy, 
completed  the  great  achievements  of  this  extraordinary  man. 

His  reputation  has  been  very  freely  attacked  by  other  engineers,  and  his  title 
to  originality  as  freely  doubted  and  denied.  Much  of  this  feeling  may  be  ascribed^ 
perhaps,  to  the  manifest  obscurity  that  runs  throughout  all  his  specifications, 
and  to  the  claims  set  up  by  other  persons  for  dreamy  designs,  the  practicability  of 
which  they  ingeniously  enough  speculated  upon,  hut  never  carriea  into  real  effect 


728 


STEAM-ENGINES. 


Many  of  bia  plani,  it  is  alleged,  were  the  remit  of  infcnnatioi)  Miircptitiourij 
obtained,  or  unfairly  cornmuDicated  to  him,  of  the  diicoverica  of  mch  penoM; 
hut  of  the  truth  of  this  allegation  there  appears  to  be  no  evidence  beyond  that  of 
jealouB  conjecture.  Certain  it  i>,  bowerer,  that  either  from  the  extent  of  patttt- 
nage  and  luccew  which  Bolton  and  Watt  enjoyed  in  the  manufacture  of  tbeir 
engines,  or  from  other  unknown  causes,  b  great  deal  of  angry  feeling  waa  mant- 
fested,  (be  extent  of  which  maybe  gathered  from  the  declarUion  of  Uie  lata  Mr. 
Bramah,  that  when  men  of  ieUcr  judgment  had  conslmcled  engine*  as  good  or 
better  than  their  own,  "  they  have  just  candour  enough  to  admit  the  fact,  and 
pride  and  avarice  enough  to  claim  them  as  their  inTention '."  Rugged  ii  tbs 
path  which  merit  haa  to  walk  in ! 

Great  as  was  the  degree  of  perfection  to  which  the  steam-engine  had  been 
brought  by  Mr.  Watt,  the  discoveries  which  he,  t<^ether  with  bia  predecesirai, 
Savet;  and  Ncwcomen,  had  made,  fiimished  abundant  materials  for  the  exeiciM 
of  future  ingenuity  ;  and  we  now  proceed  to  notice  several  of  ihe  most  Mriking 
contributions  towards  its  completion,  subsequently  made  by  other  eminent  en- 
gineers, in  the  contrivance  of  vsrioua  arrangements  and  combinations  of  me- 
chanism for  obtaining  the  most  full  and  effective  operation  of  steam  power. 

Tu  obtain  a  greater  power  by  a  complicated  force  ot  steam,  an  engine  was 
rnnstnicledby  Mr.  Jonathan  HotiNBi.oweit  (of  Penrhyn,  Cornwall),  in  which 


'the  pnneiplea  of  condenution  and  expanuon  were  made  subaervienl  to  a  new 
smiicatjon ;  for  ihit  inventioD  be  obtained  •  patent  in  1761,  the  apedfication 
of  which  is  liere  transcribed. 
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**  Pint, — I  use  two  steam  vessels,  in  which  the  steam  is  to  act,  and  which  in 
other  steam-engines  are  called  cylinders.  Secondly, — I  emplov  the  steam,  after 
it  has  acted  in  the  first  vessel,  to  operate  a  second  time  in  the  other,  hy  permitting 
it  to  expand  itself,  which  I  do  by  connecting  the  vessels  together,  and  forming 
proper  channels  and  apertures  whereby  the  steam  shall  occasionally  ^o  in  and 
out  of  the  said  vessels.  Thirdly, — I  condense  the  steam  by  causing  it  to  pass 
in  contact  with  metallic  substances,  while  water  is  applied  to  the  opposite  side. 
Fourthly, — to  discharge  the  engine  of  the  water  employed  to  condense  the 
steam,  I  suspend  a  column  of  water  in  a  tube  or  vessel  constructed  for  that 
purpose,  on  the  principles  of  the  barometer,  the  upper  end  having  open  com- 
munication with  the  steam  vessels,  and  the  lower  end  being  immersed  in  a 
vessel  of  water.  Fiflhly, — to  discharge  the  air  which  enters  the  steam  vessels 
ifith  the  'condensing  water,  or  otherwise,  I  introduce  it  into  a  separate  vessel, 
whence  it  is  protruded  by  the  admission  of  steam.  Sixthly, — that  the  condensed 
Tapour  shall  not  remain  in  the  steam  vessel  in  which  the  steam  is  condensed,  I 
.collect  it  into  another  vessel,  which  has  open  communication  with  the  steam 
Tessels,  and  the  water  in  the  mine,  reservoir,  or  river.  Lastly, — in  cases  where 
the  atmosphere  is  to  be  employed  to  act  on  the  piston,  I  use  a  piston  so  con- 
structed as  to  admit  steam  round  its  periphery,  and  in  contact  with  the  sides  of 
the  steam  vessel,  thereby  to  prevent  the  external  air  from  passing  in  between 
the  piston  and  the  sides  of  the  steam  vessel." 

A  more  intelligible  description  of  this  engine  was  subsequently  given  by 
Mr.  Hornblower  in  the  Encyelopcedia  Britatmicaf  which  thus  explains  it.  [See 
cut  in  the  preceding  page.] 

Let  A  and  B  represent  two  cylinders,  of  which  A  is  the  largest ;  a  piston 
moves  in  each,  having  their  rods  C  and  D  moving  through  collars  at  £  and  F. 
These  cylinders  may  be  supplied  with  steam  from  the  boiler  by  means  of  the 
square  pipe  G,  which  has  a  flange  to  connect  it  with  the  rest  of  the  steam-pipe. 
This  square  part  is  represented  as  branching  off  to  both  cylinders ;  c  and  d  are 
two  cocks  which  have  handles  and  tumblers  as  usual,  worked  by  the  plug-beam  W. 
On  tlie  fore]  side  of  the  cylinders  is  represented  another  communicating  pipe, 
whose  section  is  also  square,  or  rectangular,  having  also  two  cocks,  a  b.  The 
pipe  Y  immediately  under  the  cock  b  establishes  a  communication  between  the 
upper  and  lower  parts  of  the  cylinder  B,  by  opening  the  cock  b.  There  is  a 
similar  pipe  on  the  other  side  of  the  cylinder  A,  immediately  under  the  cock  d. 

When  the  cocks  c  and  a  are  open,  and  the  cocks  b  and  d  are  shut,  the  steam 
from  the  boiler  has  free  admission  into  the  upper  part  of  the  small  cylinder  B, 
and  the  steam  from  the  lower  part  of  B  has  free  admission  into  the  upper  part 
of  the  great  cylinder  A  ;  but  the  upper  part  of  each  cylinder  has  no  communi- 
cation with  its  lower  part  From  lae  bottom  of  the  great  cylinder  proceeds  the 
eduction  pipe  K,  having  a  valve  at  its  opening  into  the  cylinder ;  it  then  bends 
downwards,  and  is  connected  with  the  condenser.  Lastly,  the  pump-rods  cause 
the  outer  end  of  the  beam  to  preponderate,  so  that  the  quiescent  position  of  the 
beam  is  that  represented  in  the  figure,  the  pistons  being  at  tne  top  of  the 
cylinder.  Suppose  all  the  cocks  open,  and  steam  coming  in  copiously  from  the 
boiler,  and  no  condensation  going  on  in  L,  the  steam  must  drive  out  all  the  air, 
and  at  last  follow  it  through  the  valve  Q.  Now  shut  the  cocks  b  and  d,  and 
open  the  escape-valve  of  the  condenser ;  the  condensation  will  immediately 
commence  and  draw  off  the  steam  from  the  lower  part  of  the  great  cylinder. 
There  is  now  no  pressure  on  the  under  side  of  the  piston  of  the  great  cylinder  A, 
and  it  immediately  descends.  The  communication  Y  between  the  lower  part  of 
the  cylinder  B,  and  the  upper  part  of  the  great  cylinder  A  being  open,  the 
steam  will  go  fVom  the  lower  part  of  B  into  the  space  left  by  the  descent  of  the 
piston  A.  It  must  therefore  expand,  and  its  elasticity  must  diminish,  and  will 
no  longer  balance  the  pressure  of  the  steam  coming  from  the  boiler,  and  pressing 
above  the  piston  of  B.  This  piston,  therefore,  u  not  withheld  by  the  beam, 
would  descend  till  it  came  in  equilibris,  from  having  steam  of  equal  -  density 
above  and  below  it.  But  it  cannot  descend  so  fast,  for  the  cylinder  A  is  larger 
than  B,  and  the  arch  of  the  beam,  at  which  the  great  piston  is  suspended,  is  no 
.  longer  than  the  arm  which  supports  the  piston  of  B ;  therefore,  when  the  piston  of 
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B  has  descended  as  far  as  the  beam  will  permit  it,  the  steam  between  the  two  {liiteiis 
occupies  a  larger  space  than  it  did  when  both  pistons  were  at  the  top  of  their  cylin- 
ders, and  its  density  diminishes  as  its  bulk  increases.  The  steam  beneath  the  amaU 
piston  is,  therefore,  not  a  balance  for  the  steam  on  the  upper  side  of  the  same,  and 
the  piston  B  will  act  to  depress  the  beam  with  all  the  difference  of  these  pressure. 

The  sliglitest  view  of  the  subject  must  show,  that  as  the  piston  deecenda,  the 
steam  that  is  between  them  will  grow  continually  rarer  and  less  elastic,  and 
that  both  pistons  will  draw  the  beam  downwards.  Suppose,  now,  that  each  one 
had  reached  the  bottom  of  its  cylinder :  shut  the  cock  a,  and  tba  eduction 
▼alve  at  the  bottom  of  A,  and  open  the  cocks  b  and  d.  The  communication 
being  now  established  between  the  upper  and  lower  part  of  each  cylinder,  their 
pistons  will  be  pressed  equally  on  the  upper  and  lower  surfaces ;  in  this  situation, 
therefore,  nothing  hinders  the  counter-weight  from  raising  the]  j^toos  to  the 
top.  Suppose  them  arrived  at  the  top  :  the  cylinder  B  is  at  this  tune  filled  witk 
steam  of  the  ordinary  density,  and  the  cylinder  A,  with  an  equal  abaolntt 
quantity  of  steam,  but  expanded  into  a  larger  space.  Shut  the  cocks  b  and  d, 
and  open  the  cock  a,  and  tne  eduction  valve  at  the  bottom  of  A,  the  condenaation 
will  again  operate,  and  cause  the  pistons  to  descend ;  and  thus  the  operation  may 
be  repeated  as  long  as  steam  is  supplied ;  and  one  measure  full  of  the  cylinder 
B  of  ordinary  steam  is  expended  during  each  working  stroke. 

Professor  Robison  gave  a  series  of  elaborate  and  highly  interesting  calculation^ 
by  which,  unluckily  for  the  ingenious  inventor,  it  was  demonstrated,  that  die 
same  effect  only  is  produced  in  this,  as  in  Mr.  Watt's  expansion  engine ;  and 
these  calculations  were  confirmed  by  the  practice  of  those  which  HomUower 
erected.  Although  he  made  an  unsuccessful  application  to  Parliament  for  an 
extension  of  the  term  of  his  patent,  it  does  not  appear  that  his  engine  obtained 
public  patronage  or  approbation. 

In  1797  a  patent  was  obtained  by  the  Rev.  Edward  Cartwrioht,  for  a  very 
ingenious  contrivance,  of  which  high  expectations  were  formed,  from  the  trials 
made  of  its  efficacy.  The  nature  of  this  invention,  and  the  objects  which 
Mr.  Cartwright  sought  to  obtain,  will  be  understood  by  the  following  figure  and 
description. 

The  piston  b  moving  in  the  cylinder  a,  has  its  rod  prolonged  downwards,  at 
the  extremity  of  which  is  attached  another  piston  d,  moving  in  the  leaser 
cylinder  c,  opening  into  and  being  a  continuation  of  a.  From  the  bottom  of  m 
proceeds  the  pipe  g,  terminating  in  the  condenser,  which  is  formed  of  two 
concentric  circular  vessels,  between  which  the  steam  is  admitted  in  a  thin  sheet, 
and  is  condensed  by  coming  in  contact  with  the  sides  of  the  condensing  veiad 
kept  constantly  cold  by  being  immersed  in  cold  water.  The  water  formed  by 
condensation  rails  into  the  pipe  e.  From  the  bottom  of  the  cylinder  t  the  bent 
pipe  m  is  carried  into  the  box  n,  which  has  a  floatrball  o  that  opens  and  shuts 
the  valve  p,  communicating  with  the  atmosphere.  A  pipe  q  arises  from  this  bos 
and  opens  into  the  boiler.  There  is  a  valve  placed  at  t  opening  into  the  cylinder 
c ;  another  at  n  also  opening  upwards.  I'he  pipe  s  conveys  steam  from  the 
boiler  to  the  cylinder,  which  may  be  shut  by  the  tall  of  the  clack  r.  ^  is  a  Talve 
made  in  the  piston  b.  In  the  figure,  the  piston  b  is  shown  as  descending  by  the 
elasticity  of  the  steam  flowing  from  the  boiler  through  s;  the  piston  a,  being 
attached  to  the  same  rod,  is  also  descending.  When  the  piston  b  reaches  the 
bottom  of  the  cylinder  a,  the  tail  or  spindle  of  the  valve  k  being  pressed  upwards, 
opens  the  valve,  and  forms  a  communication  between  the  upper  side  of  the 
piston  and  the  condenser;  at  the  same  moment  the  valve  r  is  pressed  into  its 
seat  by  the  descent  of  the  cross-arm  on  the  piston,  which  prevents  the  further 
admission  of  steam  from  the  boiler ;  this  allows  the  piston  to  be  drawn  up  to 
the  top  of  the  cylinder  by  the  momentum  of  the  fly-wheel  z,  in  a  non-resisting 
medium.  The  piston  d  is  also  drawn  up  to  the  top  of  e,  and  the  valve  t  is 
raised  by  the  condensed  water  and  air  which  have  accumulated  in  e,  and  in  the 
condenser  g,  ^  At  the  moment  when  the  piston  has  reached  the  top  of  the 
cylinder,  the  valve  k  is  pressed  into  its  seat  by  the  pin  or  tail  stnking  the 
cylinder  cover;  and  at  the  same  time  the  piston  b,  striking  the  tail  of  the  Talve 
r,  opens  it ;  a  communication  is  again  established  between^he  boiler  and  [^sloBy 
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*ai  it  is  Toreed  to  tlie  bottom  ai  befbre.     By  the  descent  of  tbe  jnilon  4,  tlie 
water  and  air,  vliich  were  under  it  ^in  the  cylinder,  e,  being  prevented  from 


I      I       I      '   n—   " 
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returning  into  ihe  condenutig  cylinder  by  the  valve  under  (,  are  driven  up  ihe 
ppe  m  into  the  bos  n,  and  tbe  water  is  thence  conveyed  into  the  boiler  again. 
The  air  rises  above  the  water  in  a,  and  when  b^  its  accumulatiun  ita  pretaure  i* 
increased,  it  presses  the  float  o  downwardi ;  thu  opens  the  valve  p,  and  allows 
it  to  escape  into  the  atmosphere. 

The  mode  of  condensation  was  theoretically  considered  as  being  liable  to  ob- 
jectioii,  but  practical  experiments  fully  conflrmed  the  expectationi  of  the  inventor. 
The  arrangements  are  very  simple,  and  aeem  admirably  adapted  for  purpose* 
where  small  power  ia  required. 

About  the  year  1801,  Mr.  John  NoHCiaaow,  an  Englishman,  then'resident 
at  Philadelphia,  gave  a  deKription  of  an  engine  formed  ou  Savery's  principle^ 
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for  raising  water  lo  Inm  a  water  wheel,  which  was  fonnd  to  possess  lereral  ad- 
vnntages  beyond  tlie  very  importunt  ones  of  siinplirily  in   conatriiclion  aud 


A  rep  esen  s     e  r    e  ve     made  e  1  er  o   woe 
cait  ron  p  pes  for  cimvey  ng  tlia  water  to  the  r< 


1  e  ai      B  B  B  wooden  or 
end  thence  to  the  pen- 
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tock  or  cistern  C.  D  the  water-wheel.  £  the  boiler;  F  the  hot  well  for 
iipplying  the  boiler  with  water.  G  G  two  cisterns  under  the  level  of  the 
rater,  in  which  the  lesser  pipes,  B  B,  and  the  condenser,  are  inserted.  H  H  H 
lie  surface  of  the  water  with  which  the  engine  and  the  water-wheel  are  supplied. 

Of  the  steam-pipe  to  convey  the  steam  from  the  boiler  to  the  receiver;  b  the 
sed-pipe,  to  convey  hot  water  to  the  boiler  from  the  hot  well  F.  c  c  c,  condens- 
ig  apparatus ;  d  d,  the  pipe  which  conveys  the  hot  water  from  the^  condenser 
9  the  hot  well,  e  ee,  valves  for  admitting  and  excluding  the  water.  //,  the 
9Jection-pipe ;  g  the  injection  cock,  and  h  the  condenser.  Before  any  water 
an  be  delivered  on  the  wheel  D,  the  receiver,  the  cistern  O,  and  all  the  pipes 
lust  be  previously  filled :  the  valve  c  is  opened,  and  the  steam  rushing  from  the 
oiler  into  the  receiver  A,  the  water  descends  through  the  first  pipe  B,  andpass- 
ig  the  valve  «,  ascends  through  the  second  pipe  B  into  the  cistern  C.  The 
ommunication  between  the  boiler  and  the  .receiver  A  being  closed  (by  a 
■Ive  not  shown  in  the  engraving,)  the  steam  enters  the  condensing-pipe  c,  and 
1  its  passage  meets  with  a  jet  of  cold  water  from  the  injection-cock  g,  by  which 
;  ii  condensed ;  and  a  vacuum  being  made  by  this  means  in  the  receiver,  the 
'ater  is  driven  up  by  atmospheric  pressure  into  the  pipe  B,  and  becomes  in  like 
lanner  operated  upon  by  opening  the  receiver  valve.  The  water  thus  raised 
ito  the  cistern  C,  falling  through  the  escapement  pipe  at  the  bottom  upon  the 
ins  of  D,  gives  motion  to  the  wheel. 

The  advantages  possessed  by  an  engine  so  constructed  are  stated  by  die  in- 
entor  to  be  these  : — That  it  is  subject  to  little  or  no  friction  ;  has  every  facility 
hich  maybe  attributed  to  Bolton  and  Watt's  engines  by  condensing  out  of  the 
•ceiver,  either  in  the  cistern  or  at  the  level  of  the  water ;  that  the  water  in  the 
pper  part  of  the  pipe  which  adjoins  the  receiver  acquiring,  by  its  frequent  con- 
ict  with  the  steam,  a  heat  nearly  equal  to  that  of  boiling  water,  is  kept  uniformly 
oty  as  in  the  case  of  Bolton  and  Watt's  engines;  and  that  a  very  small  stream 
r  water  is  sufficient  to  supply  this  engine  even  where  there  is  no  fall,  all  the  water 
kised  by  it  being  returned  into  the  reservoir  H  H.  There  is,  however,  this  de- 
ct : — ^That  as  the  surface  of  the  water  in  the  pipe  becomes  heated  by  the  steam, 
id  as  it  is  impossible  to  form  a  perfect  vacuum  on  the  surface  of  boiling  water, 
te  tfective  power  of  the  engine  is  by  so  much  diminished.  Nevertheless,  it  is 
very  simple,  cheap,  and  serviceable  machine. 

Xo  avert  the  loss  which  was  consequent  upon  the  escape  of  steam  around 
\m  sides  of  the  piston,  to  make  the  escape  steam  effectively  available,  and  to 
idnce  the  consumption  of  fuel,  Mr.  John  Robertson,  of  Glasgow,  contrived, 
idy  in  1801,  obtained  a  patent  for,  an  engine  which  has,  in  practice,  realized 
considerable  portion  of  the  inventor's  expectations.  It  diners  little  in  con- 
metion  from  many  other  engines,  except  tnat  in  place  of  one  working  cylin- 
ir  in  this,  there  are  two,  the  lesser  one  n  being  placed  upon  and  forming  a 
itltinuation  with  the  larger  m.  To  each  cylinder  there  is  a  piston  fitted  and 
(f&nected  together  hy  the  internal  cylinder  D  :  or  this  cylinder  is  so  made  as 

Have  the  pistons  in  one  piece  with  it.  This  cylinder  is  made  so  that  it  may 
*nxiy  fill  tne  small  cylinder  n,  and  without  actual  contact  between  the  two 
uiaces.  The  working  handles,  with  the  valves,  are  to  be  placed  in  such  a 
anner  that  steam  from  the  boiler  may  have  free  access  througn  the  pipes  and 
rlinders  into  the  condensing  vessel,  to  free  the  whole  of  the  air,  as  in  the 
.ual  manner.  When  this  is  done,  the  engine  is  set  to  work  by  the  valves  h  and  c 
*m%  shut,  and  by  that  of  a  lefl  open,  and  water  let  into  the  condensing  ves- 
1  e,  when  a  vacuum  takes  place  in  it  by  means  of  the  condensation  of  the 
earn,  and  also  in  the  under  part  of  the  large  cylinder  m  below  its  piston 
here  being  a  communication  from  the  condensing  vessel  by  the  pipe  F)  ;  at 
le  same  time  the  steam  from  the  boiler  has  free  access  through  the  pipe 
and  valve  a  into  the  small  cylinder  ?/,  above  its  piston  h,  and  exerts  its 
rce  upon  it,  and  presses  it  downwards  with  as  mucn  force  as  in  the  usual 
jijiner.  But  as  it  is  found  from  experience  that  a  considerable  quantity 
icapes  past  the  piston,  this  piston  is  in  part  detained  by  the  secondary  piston 

and  exerts  its  force  on  tnat  part  or  annular  section  s  s  that  is  contained 
»twixt  the  cylinders  m  and  D,  and  assists  in  forcing  the  whole  downwards ; 
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Hhile,  at  the  tame  time,  the  itentn  which 
is  lodged  in  thia  annular  space  1 1,  and 
around  the  cylinder  D,  preventa  ao 
irreatB  quantity  from  escaping  past  the 
fint  piston,  OS  would  otherwise  be  the 
eaae  where  there  is  no  secondary  pis- 
ton, and  the  vacuum  ia  much  more 
complete  below  the  first  pieton  ;  conse- 
quently, there  is  a  greater  power  pro- 
duced from  a  smaller  quantity  of  steam 
than  with  a  single  piston.  During  the 
time  of  the  piston's  descent,  the  steam- 
valve  a  is  shut,  and  the  elasticity  of  the 
iteam  within  the  cylinders  carries  the 
pistons  forward  to  near  the  bottom  of 
these  cylinders,  when  the  valves  b  and  c 
are  opened  b;  the  handles  and  plug- 
nork,  admitting  the  steam  to  pass  from 
the  upper  sides  of  both  pistons  through 
the  pipes  B  and  E  to  the  condensing 
vessel  C,  while  the  counter  weight  at 
the  other  end  of  the  besm,  Sr  this  con- 
nected with  a  fly-wheel,  raises  the  pi«- 
tons  again,  when  the  valves  b  and  c  are 
ahut,  and  that  of  a  opened  by  the  pliag- 
work,  when  the  engine  makes  another 
stroke,  as  before.  The  piston-rod  R 
joins  the  working-beam  in  any  of  the 
usual  modes,  and,  in  other  respects,  tlie 
engine  is  much  the  same  as  in  common 
practice.  The  specificAtion  of  this  pa- 
Lent  describes  the  ingenious  Airnace  of 
this  inventor.     See  article  Fubnaces. 

Inie02MesBr».TBEviTHicK&VivrAN 
(two  engineers  residing  at  Camboume, 
in  Cornwall,)  obtained  a  patent  for  a 
high-preBSure  «igine.  The  first  applica- 
tion of  high-pressure  steam  toanengin^, 
waa,  BS  previously  staled,  described  by 
Leupold;  thenext  proposal  was  vaguely 
made  by  Mr.  Watt,  in  the  fourth  par- 
ticular of  bis  specification  of  1 769,  but  the  danger  incident  to  the  employiQenI 
of  an  agent  so  formidable,  was  considered,  so  it  would  seem,  too  periloui  an 
obstacle  in  the  way  of  its  introduction ;  and  up  to  this  period,  practical  men 
had  been  contented  with  the  bare  conviction  of  its  adaptability,  without  incur- 
ring the  daring  risk  of  its  actual  operationi. 

[The  distinction  between  a  high-pressure  and  a  low-pressure  engine  lies  in 
the  farmer  being  wrought  solely  by  the  expansive  force  of  steam  upon  the  pistoa 
both  in  its  ascent  and  descent,  whilst,  in  the  latter,  the  elasticity  of  the  steam 
is  employed  in  lieu  of  atmospheric  pressure.  (See  page  719.1  The  advan- 
tages of  a  high-pressure  engine  are  chiefly  the  simplicity  and  cheapness  of  iti 
■        -'  "  '  ■  '    ■-  I  the  I 


an,  the  small  space  which  it  occupies,  and  the  enormously  greater 
force  applied  to  the  piston— the  pressure  at  which  it  is  worked  extending  fre- 
quently to  sixty  or  eighty  pounds  per  square  inch.  To  these  advantage*,  how- 
ever, are  opposed  the  liability  of  tlie  boiler  to  bunting,  and  the  impainneDt 
of  the  machinery  by  negligence  or  insufficient  strengtn  cf  the  material.] 

The  object  for  which  Messrs.  Trevithick  and  Vivian  designed  their  engine, 
waa  that  it  might  be  applied  to  carriages  for  locomotion,  for  which  the  atnw- 
•pheric  engines,  by  their  bulk,  the  cumbrous  machinery  of  the  condnuiag 
appsiahu,  and  other  obviotia  conndsrstioii*,  were  quit«  onfitted.     Forsaldi^ 
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re,  die  Bmr  well-betten  path  vliicli  their  predMCMon  bad  fUkired,  and 
1  ill  their  attempt  by  the  facilitie*  vhich  luperiority  or  constniction  in 
ail*  of  mechaniam  &t  thii  time  afforded  (faciCtieB  that  the  earlier  experi* 
iiti  certainly  did  not  poueu,  and  obtained  only  through  ^e  attention  that 
len  excited  by  the  succeuful  improTements  nude  in  other  ennnea,) 
length  contriTed  a  machine,  the  introduction  of  which,  by  ili  excellence 
icBCy,  formed  a  new  era  in  the  hiilory  of  iteam  pover. 


ta  the  bdler,  made  of  a  round  figure  to  bear  the  es|»DWT« 
jf  atnmg  ateam.  The  boiler  ii, fixed  in  a  caia  D,  luted  inside  with  fir* 
•  lower  pert  of  which  conititutet  the  fite-placB  B,  and  the  upper  cavitj 
I  (pace  round  the  boiler  in  which  the  flame,  or  heated  Tapour,  eb'culatea 
ittet  to  the  chimney  £.-  The  caie  D  and  the  chimney  arc  fixed  upon  ■ 
■  P,  the  caae  being  mpported  upon  four  legt ;  C  reprsMnta  tit*  cylmder, 
Iftr  Aamott^paitin  taebmler,  bavingita  noilc,  tteam-^pe,  and  bottom 
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cast  all  in  one  piece  (in  order  to  resist  the  strong  steam),  and  also  with  the  fockett 
in  which  the  iron  uprights  of  the  external  frame  are  firmly  fixed.  G  represents  a 
cock  for  conducting  the  steam,  as  may  be  more  clearly  seen  by  observing  Fip, 
2,  which  is  a  plan  of  the  top  of  the  cylinder.     6,  f%g.  2,  represents  the  passage 
from  the  boiler  to  the  cock  G ;  this  passage  has  a  throttle- valve  or  shut,  adjust- 
able by  a  handle,  so  as  to  wire-draw  the  steam,  and  suffer  the  supply  to  be  quicker 
or  slower.     The  position  of  the  cock  is  such  that  the  communication  from  ^f 
boiler  through  6,  by  a  channel  in  the  cock,  is  made  good  to  </,  which  denotes  the 
upper  space  of  the  cylinder  above  the  piston,  at  the  same  time  that  the  steam- 
pipe  a  (more  fully  represented  in  Fig,  I,)  is  made  to  afford  a  passage  from  the 
lower  space  in  the  cylinder,  beneath  the  piston,  to  the  channel  C,  through  which 
the  steam  may  escape  into  the  outer  air,  or  be  directed  or  applied  to  heating 
fluids,  or  other  useful  purposes.     It  will  be  obvious,  that  if  tne  cock  be  turned 
one  quarter  of  a  turn  in  either  direction,  it  will  make  a  communication  from  the 
boiler  passage  b,  to  the  lower  part  of  the  cylinder,  by  or  through  a,  at  the  same 
time  that  the  passage  r,  from  the  upper  part  of  the  cylinder,  will  communicate 
with  C,  the  passage  for  conveying  off  the  steam.     P  Q  is  a  piston  rod,  moving 
between  guides,  and  driving  the  crank  R  S,  by  means  of  the  rod  Q  R,  the 
axis  of  which  crank  carries  the  fly  T,  and  is  the  first  mover  to  be  applied  to  drive 
the  machinery  at  S.     X  Y  is  a  double  snail,  which,  in  its  rotation  presses  down 
the  small  wheel  O,  and  raises  the  weight  N,  by  a  motion  in  the  jomt  M  of  the 
lever  O  N,  from  which  downwards  proceeds  an  arm  M  L,  and  consequently  the 
extremity  L  is  at  the  same  time  urged  outwards.     This  action  draws  the  hori- 
zontal bar  L  I,  and  carries  the  lever  handle  H  I,  which  moves  upon  the  axis 
of  the  cock  G,  through  one-fourth  of  a  circle.    It  must  be  understood  that  H  I 
is  fore-shortened  (the  extremity  I  being  more  remote  from  the  observer  than 
the  extfeniity  H),  and  also  there  is  a  clack  or  ratchet-wheel  on  tlie  part  H, 
which  gathers  up  durin?  the  time  that  L  is  passing  outwards,  and  does  not  then 
move  the  cock  G,  but  that,  when  the  part  X  of  the  snail  opposite  O,  that  is  to 
say,  when  the  piston  is  about  the  top  of  its  stroke,  then  the  wheel  O  suddenly 
falls  into  the  concavity  of  the  snail,  and  the  extremity  of  L,  by  its  return,  at 
once  pushes  I  H  through  the  quarter  circle,  carries  with  it  the   cock  G,  and 
turns  the  steam  upon  the  top  of  the  piston,  and  also  affords  a  passage  for  the 
steam  to  escape  from  beneath  the  piston.     Every  stroke,  whether  up  or  down, 
produces  this  effect  by  the  half-turn  of  the  snail,  and  reverses  the  steam  ways 
as  before  described ;  or  the  cock  may  be  turned  by  various  well-known  methods, 
such  as  the  plug,  with  pins  or  clumps  striking  on  a  lever  in  the  usual  way,  and 
the  effect  will  be  the  same,  whether  the  quarter  turns  be  made  backward  or  for- 
ward, or  be  a  direct  circular  motion,  as  is  produced  by  the  machinery  here  repre- 
sented :  but  the  wear  of  the  cock  will  be  more  uniform  and  regular  if  the  turns 
be  all  made  in  the  same  way.     Other  illustrations  of  this  simple  and  beautiful 
machine  appear  in  the  articfe  Railways. 

A  patent  was  obtained  by  Mr.  Arthur  Woolfe,  in  1804,  for  improvements 
in  steam-engines,  founded  upon  an  assumed  discovery  by  him,  respecting  the 
expansive  properties  of  steam.  It  had  been  asserted,  before  his  time,  that  steam, 
acting  with  the  expansive  force  of  four  pounds  per  square  inch,  was  capable  of 
expanding  itself  to  four  times  the  volume  it  then  occupied,  and  be  still  equal 
to  the  pressure  of  the  atmosphere.  Mr.  Woolfe's  experiments  led  hira  to  infer 
that,  in  like  manner,  steam  of  the  force  of  five  pounds  the  square  inch,  could 
expand  itself  to  five  times  its  volume,  and  so  on  correspondingly  in  numerical 
relation  up  to  twenty,  forty,  and  fifly  pounds  the  square  inch.  Subsequent 
investigation,  however,  demonstrated  the  error  of  his  experiments,  and  the  en- 
tire fallacy  of  the  proposition  deduced  from  them.  In  a  former  page  are  given 
tables  of  the  expansive  force  of  steam  at  different  temperatures,  and  the  g^e- 
ral  correctness  of  the  statements  which  there  appear  has  been  since  established^ 
by  the  results  of  an  inquiry  instituted  by  the  French  Academy  of  Sciences. 

About  seven  years  ago  a  committee  was  appointed  for  the  express  purpose  of 
ascertaining  the  fact  by  the  test  of  unexceptionable  experiments ;  and  these 
were  of  such  a  nature,  and  so  conducted,  as  to  determine  the  question  with  waSr 
cient  precision  for  all  practicable  purposes.  The  committee  resolved  to  esttmAta 
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the  force  of  the  steam  by  the  column  of  mercury  sustaiiied,  and  for  this  pur- 
pose a  glass  tube,  consisting  of  13  pieces,  each  piece  two  metres  (78.74  inches) 
in  length,  5  millimetres  (0.2  of  an  inch)  in  diameter,  and  the  same  in  thickness, 
was  prepared  and  erected  in  the  tower  of  the  dilapidated  church  of  St.  Genevieve. 
Lest  the  safety  of  the  apparatus  might  be  endangered  by  the  sudden  agitation 
of  the  mercury  under  the  action  of  the  steam  from  the  boiler,  a  kind  of  mano- 
meter was  constructed,  in  which  the  compression  of  a  given  volume  of  air  should 
be  ascertained  by  the  column  of  mercury,  and  afterwards  be  employed  to  mea- 
sure the  elasticity  of  vapour  at  various  temperatures.  In  this  way  the  estimates 
would  be  as  accurate  as  if  made  directly  by  the  column  of  mercury.  Great  pre- 
cautions were  used  to  ascertain  the  temperature  correctly.  The  first  was  to 
take  account  of  the  cooling  effect  of  the  air  on  that  part  of  the  thermometer  which 
was  exterior  to  the  boiler ;  this  was  done  by  retaining  it  constantly  at  the  same 
temperature.  The  next  was  to  prevent  alteration  in  the  capacity  of  the  bulb, 
by  allowing  the  vapour  to  press  upon  it :  this  was  effected  by  putting  the  ther- 
mometers into  gun  barrels  made  thin,  closed  at  one  extremity,  and  filled  with 
mercury ;  these,  when  fitted  to  the  boiler,  were  made  to  descend,  one  to  the  bot- 
tom of  the  boiler  nearly,  to  give  the  temperature  of  the  water ;  the  other  to  witli- 
in  a  few  inches  of  the  water,  to  give  the  temperature  of  the  vapour. 

The  temperature  and  pressure  were  then  experimentally  ascertained  up  to  24 
atmospheres ;  after  which  a  formula  was  sought  for,  to  determine  higher  pres- 
suresy  and  the  accuracy  of  the  formula  ultimately  adopted  was  evidenced  by  its 
near  correspondence  with  the  results  of  the  experiments  actually  made  by  means 
of  the  apparatus :  the  greatest  error  was  found  at  8  atmospheres,  and  was  then 
0.9  of  a  aegree.  It  was  more  accurate  for  the  higher  pressures,  being  calcu- 
lated from  them ;  and  the  commissioners  entertained  no  doubt  that  at  50  atmo- 
spheres the  error  is  not  more  than  0.1  of  a  degree.  The  subjoined  Table  exhibits 
the  estimates  thus  derived  :  the  first,  third,  and  fifth  columns  representing  the 
elasticity  of  the  vajpour  Ttaking  the  pressure  of  the  atmosphere  as  unity,)  and 
the  second,  fourth,  and  sixth,  representing  the  temperature  according  to  the 
thermometer  of  Fahrenheit 


Elast. 

Therm. 

Elast. 

Therm. 

Elast. 

Therm. 

1 

212. 

7 

331.70 

19 

413.96 

n 

233.96 

7h 

336.86 

20 

418.45 

2 

250.52 

8 

341.96 

21 

422.96 

2J 

263.84 

9 

350.78 

22 

427.28 

3 

275.18 

10 

358.88 

23 

431.42 

31 

285.08 

11 

307.34 

24 

435.56 

4 

29372 

12 

374.00 

25 

439.34 

n 

301.28 

13 

380.66 

30 

457.16 

5 

308.84 

14 

386.94 

35 

472.73 

51 

314.24 

15 

392.86 

40 

486.59 

6 

320.36 

16 

398.48 

45 

491.14 

61 

326.26 

17 

403.82 
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Mr.  Henry  Maudsley,  of  London,  obtained  a  patent  in  1807  for  an  engine 
•f  which  tlie  cut  on  the  following  page  is  an  illustration.  A  represents  a  frame  of 
tiiin  cast-iron,  for  the  purpose  of  fixing  the  cylinder.  B  B,  two  cold-water  cisterns  of 
•uffietentsize  to  admit  of  easy  access  to  pumps  within  them,  communicating  with 
•acb  other  by  a  pipe  a.  C,  the  cylinder,  surrounded  by  a  casing  b,  of  copper  or  other 
BUiterial ;  the  space  between  them  being  filled  with  wool,  or  other  bad  conductor 
of  h^t.    D,  the  piston-rod,  joined  to  smaller  rods  carried  down  on  each  side  of 
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D  shaft     Tbeie  r,     . 
fluted  rim,   from  the  centre  of  which  a  connectine  rod  G 
of  the  cnok.     The  wheel  F  run*  between  two  guide*  e  i 


U>  avoid  intdfering  with 


rectilineel  motion  of  the  rod)  E,  and  the  )>iiton-rod  D.  H,  a  three-throw  cnnk' 
J,  a  crota  beam  for  working  the  pumpa  POM;  iia  motion  ii  procured  hy  having 
a  fork  underneath  it,  Hhich  ernbracea  one  of  the  cranks  H,  on  which  ii  a  roller 
for  reducing  friction.  Ry  (hie  meani  (he  fork,  and,  contequcnllv,  the  beam  and 
pump-rod>,  are  reciptocaCed  h;  the  revolution  of  the  ihalt.  K,  the  fly-wheel. 
L,  the  condenser,  containing  the  air-pump  M.  N,  the  hot-water  ciiteni,  and 
O,  the  hot-water  pump.  P,  the  cold-Haler  pump.  Q,  the  injection- cock.  R, 
the  tleam-pipe  from  the  boiler  lo  the  cylinder.  S,  tha  eduction-pipe.  The 
•team  ii  admitted  into  the  cylinder  by  a  four-wa;  cock,  which  differ*  &«m  that 
generally  uied,  by  iti  being  conaiderably  more  tapered,  which  effectually  pn- 
Tenta  il  from  jamming  by  unequal  expanilon  or  contraction, — an  evil  to  whkli 
the  common  cock  ia  liable. 

Thii  ia  an  exceedingly  nent  and  eflective  contTivanoe,  and  the  engine*  •MCted 
by  Mr.  Maudiley  on  thia  modification,  fully  realized  the  ezpectatiotii  of  tlta 
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nlor,  an^  by  lh«  luptrior  worknuuubip  cxhiUUd  in  all  tbdr  parti,  gained 
turn  a  nell-deMTTed  popularity,  ai  DDe  of  the  beat  eagine  baildm  of  hu 


»  a  rondiuioD  to  thia  account,  the  two  following  modi£catiom  of  the  itMm- 
BB  ore  iutroduced,  which,  together  with  the  dncrtption  before  gtren  of  the 
oapheric  engine,  under  Smeaton'i  improTementi,  may  be  taken  u  fail  iUiia- 
iontof  the  uree  varietiei  of  thii  pover,  in  the  moit  simple  and  effective  con- 
in.  They  have  been  selected  ai  affording  general  repreientationi  of  the  state  to 
:hthebigb-prei>ure  and  loff-preuure  engiaeihave  been  now  brought.  From 
ing  the  many  excellent  engines  wiiich  proceed  from  the  eBtabliihmenti  of  oar 
lufacturers  at  the  present  day,  it  would  he  no  easy  task  to  paiticulariie  any 
excluiiveiy  as  being  the  best  in  contrivance  or  in  workmanship;  ilia  enough 
■stance  such  aa  have  been  found,  by  practice  oi^  experience,  to  be  among 


M  fint  Tepraenti  a  portable  htgh-pretaure  engine,  of  ^at  timplicitj  In  ita 
iMtnenti,  andefiecliveinits  operations.  That  nura  which  the  drawings  wm 
B  b  calculated  at  two  horBe-nower,  and  ii  employed  at  Sheffield  in  working 
I  pain  of  large  bellows,  and  in  turning  an  enonnon*  grindetone  used  for 
Ing  tb«  fiwea  of  anvils.     The  cylinder  is  seren  incfaei    '     "  ""^ 
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engine  ia  worked  siKty-Rix  hours  per  week,  and  connimM  one  ton  of  imall  coal 
or  culm,  and  1,'JOO  gulltiiii  of  water,  in  lliat  lime. 

Fig.  1  IBB  Bid^i  and  Fuj.  2  a  front  elevation  ;  (he  boiler  to  which,  drawn  (o 
the  saine  icale,  is  gireii  under  the  article  liniLEft,  at  page  199,  Vol.  I.  We  ihall 
tlicrefore  briefly  state  in  lhi>  place,  that  it  is  ot  the  form  of  a  long  cylinder,  fixed 
liorizuntally  over  the  furnace  and  main  fine,  ihe  flame  and  lieated  gaici  being 
returned  throiigli  a  tube,  running  longitudinally  ttirougliout  ibe  interior  of  tlie 
boiler,  in  their  way  to  the  chimney.  A  itone  float  and  counter-weight  ia  em- 
ployed (o  regulate  the  height  of  the  water,  in  the  utuol  manner. 


A,  the  ateam-pipe  leading  from  the  boiler,  in  which  is  tlie  throttle-ralve  i  ; }, 
the  side-pipe,  in  which  work  Ihe  slide-valves  kk,  moved  by  the  rod  l,  attached 
to  the  eccentric  m,  in  the  shaft  of  the  fly-wheel  n.  aoo  are  brass  stuSing-boxe*; 
p,  the  upper  ateam  entrance  to  the  cylinder ;  q  r,  the  pUton-rod  working 
through  the  bridge  a,  and  coniinunicaiine  with  the  crank  i  by  the  aide- 
rods  u  u, — forming  a  very  simple  parallel  motion ;  c  v,  pedeatala  support- 
ing (he  main  shaA,  the  revolution  of  which  gives  motion  to  a  pair  of 
bevel  wheels,  and  thereby  to  the  governor  a,  (he  expanding  or  contnct- 
ing  of  the  amis  of  which  raises  or  depresses  the  collar  i,  and  acta  on  the 
valve  t,  through  ihe  medium  of  the  lever  ]  and  handle  2;  4  is  the  pump  for 
supplying  the  boiler  (htough  a  feed-pipe  (not  shown)  worked  by  the  rod  S,  uA 
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eccentric  S ;  7  7  arc  the  metal  cbeekit  of  tha  &ame  ;    8,  tha  metal  roundation 

Slale,  under  which  ii  a  amallciiteni  (not  iboim,)contuniiigaday'Bconiuinpt[oa 
>r  the  boiler.  At  the  bottom  of  the  aide-pipe  uan  eductioo-pipe,  (not  shown,) 
from  which  the  ateam  i«  discharged  into  tbe  cistern,  to  heat  the  water  for  tup- 
plying  the  boiler  afUr  the  steam  has  performed  its  office  in  the  cylinder.  The 
periphery  of  Che  fly-wheel  is  round  in  its  tranaverse  section,  and  of  caat  iron,  the 
arms  or  radii  ate  of  wrought  iron,  and  are  inserted  into  the  former  while  cattinK- 
From  ihia  explanation  of  the  wood-cuts  tbe  operation  of  tbe  engine  will  be  eatiry 
understood. 

The  example  selected  of  a  iour-pretture  engine,  is  of  the  construction  manu- 
facliired  by  Meean.  Rothwell,  Hick,  and  Rotbwell,  of  Bolton,  in  Lancashire. 
It  it  a  portable  engine  of  12  horsea'  power;  the  steam  cylinder  is  19^  inchei  in 
diameter,  having  a  four-foot  stroke,  and  making  27  strokes  per  minute. 


beam  with  all  its  appendages,  is  by  thia  means  supported,  without  being  at  all 
conuected  with  the  building,  by  a  double  diagonal  frame,  one-half  surmounted 
by  an  entablature  plate,  (o  which  the  bearer*  or  spring  beams  are  attached,  that 
receive  ihe   studs  or  centres  of  the  radius  rod  of  the  parallel  moticn ;    die 
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extreme  ends  of  which  are  supported  bv  a  piUar  resting  on  a  bracket  profectuif 
from  the  back  of  the  cylinder.  The  pedestals  in  which  the  gudgeon  or  the  beam 
works,  rest  on  the  entablature  plate,  and  are  firmly  secured  by  bolts  paasing 
through  the  whole.  The  side  walls  on  which  the  foundation  plate  acta,  are  so 
far  asunder  as  to  allow  a  sufficiently  wide  recess  to  receive  the  condensing  cistern, 
with  its  aii^pumps  and  condenser,  hot  and  cold*water  pumps,  as  well  as  to  affovd 
room  for  getting  down  to  secure  the  ends  of  the  bolts.  The  ffovemor  is  sup- 
ported by  a  standard  placed  directly  over  the  crank  shaft,  and  is  turned  by  a 
single  pair  of  bevel  wheels.  The  upper  part  of  it  is  hollow,  to  receive  a  amaQ 
rod,  that  is  attached  by  a  cross  pin  to  a  brass  sliduig  socket,  which  is  connected 
with  the  governor  arms  by  two  small  links,  and  partakes  of  the  motion  oommii- 
nicated  to  them  by  the  movement  of  the  balls.  The  small  rod  has  a  communica- 
tion with  the  throttle-valves,  by  means  of  the  levers  fixed  to  the  ceiling  of  the 
engine-house. 

The  kind  of  boiler  attached  to  this  engine  is  of  the  waggon-shaped  kind,  a  full 
description  of  which  has  already  been  given  at  page  198  of  the  first  volume  of 
this  work. 

The  steam  cylinder  and  its  casing  are  cast  together  in  one  piece ;  the  ipaca 
betwixt  them  is  constantly  filled  with  steam,  which  prevents  any  condensation 
taking  place  within  the  cylinder,  and  serves  abo  as  a  conducting-pipe  for  die 
steam  to  the  boxes  E,  containing  the  sliding-valves,  (which  are  generally  called 
D  valves,  from  their  resemblance  in  form  to  that  letter,)  through  two  separate 
openings  for  that  purpose,  in  each  of  which  is  placed  a  throttle- valve,  and  on 
their  spindles  are  fevers,  communicating  by  a  rod  with  the  governor,  for  regu- 
lating the  speed  of  the  engine. 

The  sliding-valves  are  packed  on  their  circular  sides  with  a  soft  substance  of 
hemp  or  flax,  and  in  consequence  of  the  steam  being  admitted  to  the  under  side 
of  the  top  valve,  and  the  upper  side  of  the  bottom  valve,  they  of  couxm 
require  no  more  force  to  move  them  than  what  is  necessary  to  overcome 
the  friction  of  the  packing,  and  the  surface  over  wliich  they  slide.  The 
weight  of  the  valves  and  their  rods  are  accurately  counterbalanced  by  a 
movable  weight  or  a  lever  under  the  cylinder,  and  are  moved  by  an  ec- 
centric circle,'  or  the  fly-wheel  shaft  oy  the  arrangement  of  baying  two 
throttle  valves,  the  least  difference  in  weight  between   those  parts  of  the  en- 

fpne  that  are  attached  to  the  opposite  ends  of  the  working  beam,  can  be  regn- 
ated,  by  allowing  a  little  more  steam  to  pass  in  the  same  time  through  mther  of 
the  valves,  as  may  be  found  necessary, — thereby  equalising,  as  much  aa  possible, 
the  action  of  the  engine.  One  pipe,  G,  only  is  required  in  front  of  the  cylinder, 
and  that  for  the  purpose  of  conducting  the  steam  from  the  upper  aide  of  the 
piston  to  the  condenser.  H,  a  vessel  in  which  the  condensation  of  the  steam  is 
effected  after  its  escape  from  the  cylinder,  by  admitting  a  quantity  of  cold  water 
out  of  the  condensing  cistern  I,  through  an  injection  cock,  the  opening  of  whidi 
is  regulated  by  hand.  The  condensmg  cistern  is  supplied  with  water  by  the 
cold-water  pump  K.  L  is  the  hot  water  pump,  used  for  raising  water  to  supply 
the  boiler ;  whicn  water  passes  through  a  small  valve,  and  down  the  same  pipe 
that  contains  the  damper-float.  This  valve  u  connected  with  a  lever,  having  one 
of  its  ends  connected  by  a  rod  passing  through  a  pipe  with  a  stone  float,  that 
rises  and  falls  with  the  surface  of  the  water  in  the  boiler,  and  thereby  admittmg 
a  smaller  or  larger  quantity  of  water,  as  may  be  requisite.  This  pipe,  for  the 
rod  to  pass  through,  has  several  advantages  over  the  method  of  passing  it  through 
a  stuffing-box  on  the  boiler  top ;  as,  in  case  the  hot-water  pump  by  any  acdd^t 
should  cease  to  act,  and  the  water  get  low  in  the  boiler,  the  steam  would  make 
its  escape  before  any  serious  injury  could  happen, — showing  instantly  that  audi 
was  the  fact,  the  moment  it  got  below  the  end  of  the  pipe.  The  friction  be- 
tween the  rod  and  the  water  being  so  trifling,  insures  an  almost  uniform  r^ 
gularity  of  action.  N,  a  small  cistern  containing  the  blow-valve,  for  the  pur- 
pose of  allowing  the  air  to  escape  from  the  cylinder,  &c.,  previooa  to  the  engint 
being  set  to  work. 

In  the  compilation  of  the  foregoing  narrative  of  the  origin  and  prograa  of  tht 
steam-engine  the  most  standard  authorities  have  been  consulted.  In  deacribny 
the  various  engines  selected  for  illustration,  the  words  of  the  seTeral  in?tnton 
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hATe  been  adhered  to  as  doiely  as  possible ;  and  where  the  commentaries  of  early 
historians  have  become,  as  it  were,  identified  with  the  explanations  given,  it  was 
ooosidered  preferable  to  adopt  their  own  expressions,  than  by  clothing  them  in 
other  language,  to  affect  an  air  of  fabe  originality.  The  writings  of  Mr.  Farey, 
Mr.  Stuart,  and  other  able  investigators,  have,  in  occasional  instances,  been  made 
tribatary  to  the  more  clear  and  lucid  explication  of  the  particulars  upon  which 
tfaej  were  resorted  to  for  infurmatiun. 

Those  readers  who  may  desire  to  acquaint  themselves  with  the  various  modifi- 
Mtkms  of  the  enfine  by  other  and  later  inventors,  will  find  in  the  Appendix  to 
Galloway  and  Hebert's  History  a  more  extensive  account  than  is  contained  in 
•ay  other  published  work. 

In  other  parts  of  this  Encyclopeedia,  under  their  several  titles,  are  described 
mrioos  mooificationsof  the  constituent  parts  of  the  mechanism  of  steam-engines ; 
floeh  as  Boilers,  Valves,  Pistons,  Parallel  Motion,  &c.,  the  ubsence  of  which  in 
due  place  impairs,  perhaps,  the  completeness  of  the  descriptions  given ;  but,  for 
ti»  Ifltaon  just  assigned,  their  introduction  was  unnecessar}'.  The  numerous 
iDTentions  of  steam  wheels  and  rotary  engines  have  been  very  slightly  alluded 
fOf  because,  although  much  ingenuity  is  displayed  in  their  contrivance,  yet,  as 
ngards  the  greater  number,  practical  triab  uave  not  corroborated  the  opinions 
ii  ftnt  entertained  of  their  utility ;  it  was  therefore  thought  better  to  allot  the 
ipace  which  a  description  of  them  would  have  occupied,  to  more  practically  im- 
mrUnt  matter.  The  other  motive  powers  which  usually  receive  incidental  notice 
ni  works  on  the  Steam-Engine — such  as  the  gas  vacuum,  alcohol,  air-engines, 
te^  are  described  under  their  respective  heads  in  this  work ;  for  which  see  their 
ioitia]  letters. 

STEAM-CARRIAGES.    See  Railways. 

STEAM-NAVIGATION.    The  propulsion  of  ships  and  boato  by  the  expan- 
tkwt  force  of  steam.    Amongst  the  innumerable  advantages  derived  from  the 
Introdiiction  of  steam  as  a  motive  power,  its  application  to  the  purposes  of  navi- 
^itioii  very  far  surpasses  all  others  in  importance.      If,  (as  our  ablest  writers 
Md  politioisl  economists  admit,)  highly  beneficial  consequences  have  resulted, 
ilid  will  continue  to  flow,  from  the  great  improvements  made  and  makine  in 
'   oinr  internal  communications,  it  necessarily  follows,  that  by  extending  these 
ftfiiliUes  from  a  single  community  to  those  of  the  various  nations  of  the  earth,  and 
'   conbining  their  interests  by  a  rapid  interchange  of  intelligence  and  productions, 
'   tiia  moat  important  benefits  must  follow.     In  reference  to  our  increased  powers 
'   cf  tnmsitioD  by  steam  from  place  to  place,  an  eloquent  writer  has  observed,— 
f.  **  The  concentration  of  mind  and  exertion  which  a  great  metropolis  always  ex- 
i   bifaili^  will  be  extended  in  a  considen  J)le  degree  to  the  whole  realm.  The  same  effect 
'  will  be  produced  as  if  all  distances  were  lessened  in  the  proportion  in  which 
r  itm  apecd  and  cheapness  of  transit  are  increased.    Towns  at  present  removed 
i   tMM  ftages  from  the  metropolis  will  become  its  suburbs ;  others,  now  at  a  day's 
I  Joarney,  will  be  removed  to  its  immediate  vicinity ;  business  will  be  carried  on 
I  vilb  aa  much  ease  between  them  and  the  metropolis,  as  it  is  now  between  dis- 
t  tam  points  of  the  metropolis  itself.   Let  those  who  discard  speculations  like  these 
t  as  wild  and  improbable  recur  to  the  state  of  public  opinion  at  no  very  remote 
t  pariod,  on  the  subject  of  steam-navigation.     Within  the  memory  of  persons  who 
(  tm  not  yet  passed  the  meridian  of  life,  the  possibility  of  traversing,  by  the 
t  fliaam-engine,  the  channels  and  seas  that  surround  and  intersect  these  islands, 
f  was  regarded  as  the  dream  of  enthusiasts.  Nautical  men,  and  men  of  science,  re- 
I  istled  such  speculations  with  equal  incredulity,  and  with  little  less  than  scorn  for 
g  Aa  nnderstanding  of  those  who  could  for  a  moment  entertain  them.  Yet  we  have 
i  witnassed  steam-engines  traversing,  not  these  channels  and  seas  alone,  but  sweep- 
•  lag  the  fisce  of  the  waters  round  every  coast  in  Europe.    l*he  seas  which  inter- 
between  our  Asiatic  dominions  and  Egypt,  and  those  which  separate  our 
.  abores  from  our  West  Indian  possessions,  have  offered  an  equally  meffectual 
rkr  to  its  powers.     Nor  have  the  terrors  of  the  Pacific  prevented  the  £i»* 
^nse  from  doubling  the  Cape,  and  reaching  the  shores  of  India.     If  steam 
to^ot  used  as  the  only  means  of  connecting  the  most  distant  points  of  our 
planet,  it  is  not  because  it  is  inadequate  to  the  accomplishment  of  that  end,  but 
faiatiijn  the  supply  of  the  material,  from  which,  at  the  present  momenty  it 
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derives  its  powers,  is  restricted  by  local  and  accidental  circumstances."  lliem-' 
troduction  of  steam  to  propel  sliips  has  not  merely  had  the  effect  of  shorteniii|^ 
voyages  considerably,  but  it  has  lessened  the  obstacles  and  dangers  of  a  voyage 
in  the  same  proportion  ;  and  in  short  trips,  steam-vessels  now  generally  effect 
them  with  nearly  the  same  punctuality  and  regularity  as  journeys  upon  land. 

Long  prior  to  the  introduction  of  the  steam-engine  as  a  motive  power  to  drive 
machinery,  a  variety  of  contrivances  were  suggested,  and  some  carried  into  prac- 
tice, to  propel  vessels  in  a  calm ;  such  as  paddles  operating  like  ducks*  feet,  by 
pushing  out  at  the  stern  against  the  water ;  the  revolution  of  wheels  with  float- 
boards  ;  the  forcing  out  of  water  backwards,  by  means  of  pumpsy  &c  ;  but  the 
actuating  force  in  these  cases  was  not  steam,  but  generally  that  of  manuiil  labour, 
through  the  medium  of  common  mechanism.     The  earliest  direct  proposition 
for  the  employment  of  steam  as  a  motive  force,  that  we  remember  to  have  met 
with|  occurs  in  the  Miner*t  Friend,  written  by  the  celebrated  Captain  Savery, 
and  published  in  1702 :  but  it  does  not  appear  that  Savery  ever  went  beyond 
suggesting  the  possibility  of  the  application.     Dr.  Papin,  however,  about  the 
same  period  published,  amongst  other  interesting  projects,  a  method  of  propelling 
vessels  against  the  wind,  by  means  of  steam.    During  his  residence  in  England 
tliis  ingenious  Frenchman  had  witnessed  an  interesting  experiment  made  on  the 
Thames,  in  which  a  boat,  constructed  from  a  design  by  the  Prince   Palatine 
Robert,  was  fitted  with  revolving  oars,  or  paddles,  attached  to  the  two  ends  of  a 
long  axle  going  across  the  boat,  and  which  received  its  motion  from  a  trundle 
working  in  a  wheel  turned  round  by  horses.   The  velocity  with  which  this  horse- 
boat  was  impelled  was  so  great,  that  it  left  the  King's  barge,  manned  with  six- 
teen rowers,  far  a-stem  in  the  race  of  trial.     ''This,"  observes  Mr  Stuart,  "  was 
the  mechanism  he  wanted ;  but  before  he  could  avail  himself  of  so  fine  a  thought, 
it  was  necessary  that  he  should  contrive  to  convert  the  alternate  motion  of  his 
piston-rod  into  a  continuous  rotary  one.   To  one  so  well  acquainted  with  mechani- 
cal contrivances  there  could  be  little  difficulty  in  doing  this ;  watchmakers  prac- 
tised various  modes  of  converting  the  one  motion  into  the  other,  and  the  one  which 
occurred  to  Papin  was  suggested  by  clock-work  mechanism.     A  rack  was  placed 
on  the  piston-rod,  working  into  a  pinion  fastened  on  the  axle  of  the  revolving 
paddles.     He  employed  two  or  three  steam  cylinders,  and  when  the  piston  S[ 
the  one  was  ascending,  that  of  the  other  was  working  downwards ;  and  as  they 
would  give  contrary  motions,  one  was  detached  while  the  other  was  in  action ; 
and  bv  this  means  the  motion  could  be  made  continuous  and  tolerably  regular.*' 
Whether  Dr.  Papin  carried  his  project  beyond  that  of  making  a  model,  does 
not  appear  from  any  authority  with  which  we  are  acquainted.     The  next  per- 
son tnat  we  meet  with  on  record,  was  Dr.  John  Allen,  who  in  1730  published  s 
treatise  entitled  Specimina  Ichnographia,  or  a  brief  Narrative  of  several  New 
Inventions,     In  this  publication  the  Doctor  describes  several  new  inventiooi, 
and  observes,  that  in  them  "  the  motion  was  communicated  by  machineiy 
working  without  the  ship,  something  analogous  to  oars  or  paddles,  or  by  the  re- 
volution of  wheels  turned  by  a  capstan  placed  within  the  ship  ;*'  on  the  con- 
trary, no  part  of  the  Doctor's  was  placed  on  the  outside  of  the  veaseL     His 
method  was  to  form  a  tunnel  or  pipe,  open  at  the  stem  of  the  vessel,  and  by 
means  of  a  pump  to  force  water  or  air  through  it  into  the  sea ;  and  by  the  re- 
action which  this  would  occasion,  the  ship  would  be  driven  forward ;  thereby 
accurately  *'  imitating  what  the  Author  of  nature  has  shown  us  in  the  swimming 
of  fishes,  who  proceed  in  their  progressive  motion,  not  by  any  vibration  of  their 
fins  as  oars,  but  by  protrusion  with  their  tails ;  and  water-fowls  swim  forward 
by  paddling  with  their  feet  behind  their  bodies."    The  Doctor  carried  his  scheme 
into  practice  on  a  canal,  with  a  boat  of  considerable  dimensions,  working  his 
pumps  by  manual  labour ;  he  however  suggested  the  employment  of  a  steam- 
engine  as  a  preferable  power,  and  proposed  its  application  to  a  vessel  of  1400 
or  1500  tons  burthen.     This  project  of  Dr.  Allen's  has  been  repeatedly  proposed 
and  published  since  by  various  individuals,  and  what  is  very  remarkable,  seweral 
patents  have  been  taken  out  by  different  individuals  for  precisely  the  same  thing, 
owing  principally  to  the  agents  employed  to  procure  the  grants  being  ignofant 
of  the  mechanical  inventions. 

Seven  years  after  the  promulgation  of  Dr.  Allen's  inventions,  Jonathan  HoQs 
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]^bliahed  '*  a  description  and  drauebt  of  a  new-invented  machine  for  carrying 
▼eesels  or  ships  out  of,  or  into,  any  harbour,  port,  or  river,  against  wind  or  tide, 
or  in  a  calm,  London  1737.  Hulls  has  usually  been  regarded,  in  consequence 
of  this  publication,  and  especially  on  account  of  the  "  draught"  which  accom- 
panied It,  as  the  first  inventor  of  steam-boats ;  and  a  copy  of  that  draught  it 
^ired  in  numerous  books,  and  designated  as  "  the  first  steam^boat"  The  figure 
certainly  presents  more  of  the  appearance  of  a  steam-boat  than  did  the  generality 
of  projects  of  his  time.  There  is  no  evidence,  however,  of  its  having  ever  been 
constructed ;  and  there  were  no  other  arrangements  in  his  engine,  or  his  pro- 
pelling mechanism,  (which  consisted  of  the  common  float-wheel)  than  sucn  as 
nad  previously  been  proposed,  except  the  crank  motion,  of  which  he  was  the  in- 
ventor and  patentee.  The  crank,  however,  alone  is  enough  to  immortalize  hu  name 
amongst  mechanics,  owing  to  its  extreme  simplicity,  its  utility,  its  convenience, 
and  its  extensive  application  in  converting  the  rectilineal  into  a  rotary  motion. 
It  appears  that  it  was  this  invention  of  the  crank  that  led  Hulls  to  propose  its 
ajppiieation  to  the  rectilineal  motion  of  the  engine,  and  thereby  give  a  rotary 
motion  to  the  paddles.  But,  as  Mr.  Elijah  Gauoway  observes,  the  application 
of  the  crank  to  the  single  acting  engine  has  always  been  found  a  matter  of  great 
difficult,  because,  as  £e  ascending  stroke  has  to  be  effected  by  a  counterbalance, 
an  immense  fly-wheel  is  necessary  to  produce  any  thing  like  regularity,  and  it 
would  be  almost  impossible  to  use  such  a  fly-wheel  in  a  steam-boat  in  conse- 
quence of  the  want  of  proper  machinery.  Hulls'  Idea  fell  to  the  ground,  an^  was 
■o  completely  forratten,  that  Mr.  Watt  actually  took  out  a  patent  for  the  appli- 
catidn  of  the  crank  to  the  steam-engine.  The  perfection  to  which  the  revolvuig 
machinery  was  brought  by  Mr.  Watt  and  others,  opened  the  way  to  the  ready 
application  of  steam  for  the  purposes  of  navigation.  As  in  many  other  dis- 
coveries of  importance,  there  have  been  numerous  candidates  in  different  coun- 
tries for  the  honour  of  the  first  invention  of  steam  navigation.  From  a  brief 
historical  sketch  given  by  Mr.  John  Fitch,  an  American,  of  his  progress,  it  ap- 
nears  that  as  early  as  1775,  the  same  thought  had  also  occurred  to  a  Mr.  Henry,  of 
Ijancaster,  in  Pennsylvania,  and  that  in  1778  Mr.  Thomas  Paine  (the  celebrated 
political  writer)  had  mentioned  a  similar  project  to  Andrew  Ellicot,  famous  in 
that  country,  in  his  day,  for  his  ingenuity.  To  Fitch,  the  project  became,  as  it 
had  been  to  some  of  his  predecessors,  a  ruinous  one.  "  I  confess,"  says  he, 
"  that  the  first  thought  of  a  steam-boat  has  been  very  unfortunate  to  me.  The 
perplexities  and  embarrassments  through  which  it  has  caused  me  to  wade,  far  ex- 
eaea  any  thine  that  the  common  course  of  life  ever  presented  to  my  view.*^ 
Fitch  had  made  a  model  of  his  contrivance,  and  shown  it  to  General  Washing- 
ton, who  then  recollected  that  a  Mr.  Rumsey,  of  Virginia,  had  mentioned  the 
aiine  subject  to  him  in  conversation  in  the  winter  of  1 784.  But  Fitch  alleges 
that  the  model  then  exhibited  by  Rumsey  to  the  General,  was  a  boat  to  stem 
the  current  of  rapid  rivers,  by  means  of  wheels,  cranks,  and  poles,  a  project 
wbich  had  many  years  before  been  tried  on  the  Schuyllkill,  and  failed.  The 
inventions  subsequently  claimed  by  Rumsey,  according  to  Fitch's  statement, 
were  improvements  at  a  later  period,  graflted  on  his  first  scheme,  and  after 
Rumsey  had  heard  of  his  (Fitch's)  experiments,  and  for  which  he  had  ample 
opportunities;  for  as  early  as  1783,  Fitch,  on  the  Delaware  river,  had  succeeded 
in  moving  a  boat  by  paddles,  which  derived  their  motion  from  a  steam-engine, 
and  after  some  public  trials,  he  presented  a  model  and  description  of  his 
apparatus  to  a  philosophical  society  in  Philadelphia,  and  also  to  Congress  in 
1785.  Both  Fitch  and  Rumsey  were  supported  by  associations  of  wealthy  per- 
sons, who  were  to  share  in  the  profits  of  the  respective  schemes,  and  who  ad- 
vanced the  money  to  make  the  experiments. 

,  Rumsey 's  boat,  about  50  feet  long,  with  which  he  made  some  short  voyages  on 
the  Potomac  in  1787,  was  propelled  by  a  vertical  pump  in  the  middle  of'^the  ves- 
ael,  by  which  the  water  was  drawn  in  at  the  bow  and  expelled  at  the  stem, 
Uurough  a  horizontal  trunk  in  her  bottom.  The  reaction  of  the  eflluent  water 
canied  her  at  the  rate  of  three  or  four  miles  an  hour,  when  loaded  with  three 
tons,  in  addition  to  the  weight  of  her  engine, — which  was  a  third  of  a  ton.  The 
boiler  held  no  more  than  five  gallon*  of  water,  and  needed  only  a  pint  of  water 
for..  11.  b  B 
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at  a  time ;  and  the  whole  machinery  did  not  occupy  a  apace  greater  than  tbal 
required  for  four  barrels  of  flour.  The  fuel  consumed  was  not  mcire  than  from 
four  to  six  bushels  of  coals  in  twelve  hours.  Rumsey's  second  project  was  to 
apply  the  power  of  a  steam-engine  to  long  poles,  which  were  to  reach  the  bot- 
tom of  the  river,  and  by  that  means  to  push  a  boat  against  a  rapid  current 

Durine  these  operations  Fitch  and  his  friend,  fancying  that  a  profitable  ha^ 
vest  might  be  reaped  from  the  same  invention,  ifput  in  operation  in  EngUndt 
sent  drawings  of  tneir  apparatus  to  Bolton  and  Watt,  with  instructions  to  pro- 
cure an  English  patent  for  it.  This  measure  coming  to  the  knowledge  of 
Rumsey's  company,  they  forthwith  begin  to  contend  with  Fitch,  even  on  tbe 
distant  ground  which  he  had  selected  as  the  scene  of  his  future  operationa;  and 
Dr.  Benjamin  Rush  entered  the  lists  as  a  volunteer  partisan  of  Rumaey.  In  i 
letter  to  Dr.  Lettsom,  Dr.  Rush  states,  **  a  certain  Mr.  Rumaey,  from  Virginii, 
strongly  recommended  by  General  Washington,  lately  produceid  the  plan  of  i 
machine  in  our  ci^,  for  improving  the  steam-engine,  by  reducing  the  luel  Uiqr 
consumed  to  one-eiehth  part  of  the  usual  quantity.  This  plan,  it  is  suspected,  hss 
been  copied,  with  a  tew  trifling  variations,  by  a  person  in  tnis  city,  (equally  known 
for  plagiarism  in  philosophy,  and  a  licentious  opposition  to  the  mroposed  eon* 
stitution  of  the  United  States,)  and  transmitted  to  Mr.  Bolton,  of  London,  with 
the  view  of  obtaining  a  patent  for  it.  The  only  design  of  thia  letter  is  to 
request  you  to  suggest  to  Mr.  Bolton,  and  to  assure  him  that  proper  voaeben 
win  be  sent  to  him,  which  will  irrefragibly  prove  that  the  sole  honour  of  the  in- 
vention belongs  to  Mr.  Rumsey,  and  that,  if  any  emolument  arises  horn  it,  hs 
alone  is  entitled  to  it."  **  Mr.  Rumsey,"  continues  the  partisan  Doctor,  ''pos- 
sesses a  very  uncommon  mechanical  genius ;  he  has  invented  a  boat  whidi  saO% 
by  means  of  steam,  four  miles  an  hour  against  the  stream ;  he  expects  to  incresis 
the  velocityof  his  boat  to  ten  miles  an  hour,  by  the  application  ofwe  principles  of 
his  new  steam-engine  to  the  discovenr — his  modesty  is  equal  to  hia  talents  for 
invention.  In  behalf  of  his  friends,  (who  are  among  the  worthieat  dtiiens,)  I 
write  to  you  in  his  favour.  Your  name  and  character  are  well  known  in  our 
city ;  we  look  up  to  you  to  protect  rising  genius,  to  detect  and  defeat  frand,  aad 
to  reward  industry  and  integrity,  in  a  country  which  has  exhibited  ao  maBj 
shining  examples  of  them  all,  in  the  promotion  of  science." 

To  neutralize  the  effect  of  this  letter,  the  friends  of  Fitch  also  addressed  a 
statement  of  their  case  to  the  same  grecU  man.  In  the  communication  of 
Mr.  Thornton,  which  is  characterised  by  candour  and  kind  temperate  fedta^ 
he  says  to  Dr.  Lettsom, — "  I  find  the  company  of  which  Mr.  Rumsey  B 
principal,  has  procured  a  letter  of  introduction  to  thee  from  our  good  aai 
worthy  firiend.  Dr.  Rush.  He  pretends  (Rumsey,  I  mean,)  to  be  the  invcalar 
of  the  steam-boat ;  I  have,  however,  enclosed  thee  a  couple  of  ppyi^pliM^ 
proving  that  he  g<i  it  from  Mr.  Fitch,  of  Philadelphia.  These  pampbleta  woi 
published  before  I  had  any  thing  to  do  in  the  affair ;  and  on  becoming  aoquaiated 
with  it  fully,  I  purchased  four  shares,  or  one-tenth  of  the  diacoveiy.  The  boit 
is  to  be  tried  this  evening,  or  to-morrow,  and  I  will  endeavour  to  give  Uiee  ai 
aecoimt  of  it  Ours  is  moved  with  paddles  placed  at  the  stem,  and  woikcd  If 
a  small  steam-engine."  Fitch,  however,  according  to  Mr.  Stuart,  in  ha 
jtneedot€$  qf  SUam-^ngmti,  did  nothing  in  England,  and  the  boat  built  at  tk 
expense  of  his  wealthy  friends  on  the  Hudson,  served  only  to  make  ao«t 
unsatisfactory  experiments.  Rumsey's  experiments,  which  were  ooodnclsd 
on  the  Potomac,  were  equally  unsatisfactory  ;  and  they  were  both  paitiaBf 
abandoned. 

About  the  same  period,  Oliver  Evans,  a  very  ingenioua  mechanic,  aad  a 
townsman  of  Fitch,  was  endeavouring  to  mature  a  plan  for  uaing  steam  ofaveiy 
high  pressure ;  chiefly  with  the  view  of  propelling  waggona  on  the 


roads:  and  he  states  that  he  published,  in  1785,  a  description  of  a  mode  of  ns- 
pelline  vessels  by  steam ;  firom  which  circumstance,  he  has  been  regardedlgf 
severu  authors  as  the  contriver  of  "  practicable  "  Heant4)oai9  ;  hia  real  daim, 
however,  to  that  distinction,  appears  to  us  very  slender,  as  we  do  not  diwofcr 
any  propositions  regarding  steam-boats  in  his  narrative,  that  had  not  been  jie- 
viously  suggested ;  and  the  only  fact  which  he  has  adduced  of  his  practice,  ii 
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thus  related  by  himself.  "  In  the  year  1804,  I  constructed  at  my  works,  situ- 
ated a  mile  and  a  half  from  the  water,  by  order  of  the  Board  of  Health  of  the 
city  of  Philadelphia,  a  machine  for  cleansing  docks.  It  consisted  of  a  large  flat, 
or  lighter,  with  a  steam-engine  of  the  power  of  five  horses  on  board,  to  work 
machinery  to  raise  the  mud  into  lighters.  This  was  a  fine  opportunity  to  show 
the  public  that  my  engine  could  propel  both  land  and  water  carriages,  and  I 
resolved  to  do  it  When  the  work  was  finished,  I  put  wheels  under  it,  and 
though  it  was  equal  in  weight  to  two  hundred  barrels  of  flour,  and  the  wheels 
were  fixed  on  wooden  axletrees  for  this  temporary  purpose,  in  a  very  rough 
manner,  an^  attended  with  great  friction  of  course,  yet  with  this  small  engine, 
I  transported  my  great  burthen  to  the  Schuyllkill  with  ease ;  and  when  it  was 
launched  into  the  water,  I  fixed  a  paddle-wheel  at  the  stem,  and  drove  it  down 
the  Schuylkill  to  Delaware,  and  up  the  Delaware  to  the  city ;  leaving  all  the 
vessels  going  up  behind  me,  at  least  half-way,  the  wind  being  ahead.  Evans 
does  not  afiect  to  consider  that  Uiis  clumsy  make-shift  experiment,  entitled  him 
to  be  considered  the  inventor  of  " practicable  "  steam-boats;  for  he,^s  well  as 
other  able  mechanics,  were  capable,  at  that  period,  of  making  a  much  more 
efiicient  display. 

The  claims  to  invention,  of  one  of  our  countrymen,  appear  to  us  to  be  much 
stronger,  in  **  A  ihart  Narratiee  of  Fads,  reUUive  to  the  invention  trnd  Practice  of 
Steam  Navigation,  by  the  late  Patrick  Miller,  Esq.  of  Dalswinton,  drawn  up  by 
his  eldest  son,"  and  pubUshed  in  the  Edinburgh  Philosophical  Journal  for  1824. 
In  1787,  Mr.  Miller  published  a  description  and  drawmgs  of  a  triple  vessel, 
moved  with  wheels,  and  eave  a  short  account  of  the  properties  and  advantages 
of  the  invention.  ''  In  the  course  of  his  explanations,"  observes  the  son,  *< lie 
suggested  that  the  power  of  a  steam-engine  may  be  applied  to  move  the  wheels 
•o  as  to  give  them  a  quicker  motion,  and  consequently  to  increase  that  of  the 
ship.  It  may  readily  be  believed,  that  this  hint  of  his  intention  to  apply  the 
power  of  steam  to  the  wheels  of  his  double  and  triple  vessels,  was  not  hastily 
thrown  out.  In  the  course  of  his  various  experiments  on  the  comparative  velocity 
of  his  vessels,  with  those  propelled  by  sails,  or  by  ordinary  oars,  which  had 
eiven  occasion  to  several  interesting  and  animating  contests  for  superiority,  he 
had  strongly  felt  the  necessity  of  employing  a  higher  force  than  that  of  the 
human  arm,  aided,  as  it  mightllie,  by  the  ordinaij  mechanical  contrivances ; 
and  in  this  view,  various  suggestions  were  successively  adopted,  and,  in  their 
turn,  laid  aside.  Thus,  at  one  time  it  occurred  to  him,  that  the  power  of  horses 
might  be  usefully  employed ;  while  at  another,  the  aid  of  wind  itself  seemed  to 
fiimish  the  means  of  counteracting  its  own  direction  and  ordinary  operation. 
Bat  among  all  the  possible  varieties  of  force,  that  of  steam  presented  itself  to 
hifl  mind  as  at  once  the  most  potent,  the  most  certain,  and  the  roost  manageable.'' 

In  Miller's  family  there  was  at  this  time,  as  tutor  to  his  young  children, 
Mr.  James  Taylor,  who  had  bestowed  much  attention  on  the  steam-engine,  and 
who  was  in  the  custom  of  assisting  Miller  in  his  experiments  on  naval  architec- 
ture, and  the  sailing  of  boats.  One  day,  in  the  very  heat  of  a  keen  and 
breathless  contest  in  which  they  were  engaged  on  the  Leith  establishment,  this 
individual  called  out  to  his  patron,  that  they  only  wanted  the  assistance  of  a 
iteam-engine  to  beat  their  opponents ;  for  the  power  of  the  boat  did  not  move 
the  wheels  more  than  five  miles  per  hour.  This  was  not  lost  on  Miller,  and  it 
led  tc^  many  discussions  on  the  subject;  and  it  was  under  very  confident 
belief  in  iu  success,  that  the  allusion  was  made  to  it  in  the  book  already 
mentioned. 

In  making  his  first  experiments.  Miller  deemed  it  advisable,  in  every  point 
of  view,  to  begin  upon  a  small  scale,  yet  a  scale  quite  sufficient  to  determine 
the  problem  which  it  was  his  object  to  solve.  He  had  constructed  a  very 
han^rae  double  vessel,  with  wheels,  to  be  used  as  a  pleasure-boat  on  his  lake 
at  Dalswinton,  and  in  this  vessel  he  resolved  to  try  the  application  of  steam. 
On  looking  round  for  a  practical  engineer  to  execute  the  work,  Taylor  recom- 
mended a  Mr.  William  Liymington  to  his  attention,  whom  he  had  known  at 
school,  and  who  had  recently  contrived  a  mode  of  applying  the  force  of  steam 
to  wheel  carriages ;  and  he  accompanied  Miller  to  the  house  of  Mr  OUbert 
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Meason,  in  Edinburgh,  to  see  the  model.  Pleased  with  this  speeimeo  «{ 
Lymington's  ingenuity,  he  employed  him,  in  conjunction  with*  bis  friend  TsTkr, 
to  superintend  the  construction  of  a  small  steam-engine,  to  wcwk  a  double  or 
twin  Doat.  And  in  the  autumn  of  the  same  year,  the  engine,  which  had  brtu 
cylinders  of  four  inches  in  diameter,  was  fixed  m  the  pleasure  boat,  os 
Didswinton  Loch.  Nothing  could  he  more  gratifying  or  complete  than  tbe 
success  of  the  first  trial ;  and  while  for  severiu  weeks  it  continued  to  deljgiik 
Miller  and  his  yisitors,  it  afforded  him  the  fullest  assurance  of  tbe  justneM  flf 
his  own  anticipation,  of  the  possibility  of  applying  to  the  propulaioo  of  bii 
vessels,  the  unlimitable  power  of  steam.  On  the  approacn  of  winter,  tlie 
apparatus  was  removed  from  the  boat,  and  placed  as  a  sort  of  trophy  ia  bii 
library  at  Dtdswinton,  and  is  still  preserved  by  his  family,  as  a  monnraent  of 
the  earliest  instance  of  actual  navigation  by  steam  in  Great  Britain. 

Lymington,  in  the  succeeding  year,  was  again  commissioned  by  htt  patroo  to 
try  the  experiment  on  a  greater  scale ;  a  double  vessel,  sixty  feet  long,  wss  to 
be  fitted  with  an  engine  and  revolving  paddles,  suited  to  the  supposed  exigendei 
of  the  case.  The  engine  and  machmery  were  constructed  at  Cannon,  and,  is 
the  course  of  six  months,  the  vessel  was  ready  to  be  put  in  motion,  h 
December,  1789,  it  was  taken  into  the  Forth,  and  Clyde  Canal,  and  in  the 
presence  of  a  vast  number  of  spectators,  the  machinery  was  put  in  motiM. 
This  second  trial  promised  to  be  every  way  as  prosperous  as  the  first  It 
happened,  unluckily  however,  that  the  revolving  paddles  had  not  been  made  of 
sufficient  strength  ;  and  when  they  were  brought  into  full  action,  several  of  tiM 
float-boards  were  carried  away,  and  a  very  vexatious  stop  was  that  day  pat  to 
the  voyage.  The  damage  was  repaired,  and,  on  the  25th  of  December,  the 
steam-boat  was  put  in  motion,  and  carried  along  the  canal  at  the  rate  of  teres 
miles  an  hour,  without  any  untoward  accident,  although  it  uipeared  erideit 
that  the  weight  of  the  engine  was  an  over  burden  for  the  vessel,  (her  planking 
beine  only  three-quarters  of  an  inch  thick,)  and  that  under  such  a  straia  it 
would  have  been  imprudent  to  have  ventured  to  sea.  The  experiment,  however, 
was  again  repeated,  on  the  two  following  days;  and  having  thus  satisfied 
himseu  of  the  practicability  of  his  scheme,  he  gave  orders  for  iinshipping  ^ 
apparatus,  and  laying  it  up  in  the  storehouses  of  the  Carron  Company. 

''  It  may  naturally  occasion  surprise  and  dipppointment,'*  continues  his  mb, 
"  that  I  should  have  to  terminate  here  this  account  of  my  father's  experiiBCili 
on  steam  navigation ;  that  he  did  not  follow  up  these  prosperous  ana  decinft 
trials  of  efficacy,  with  the  same  spirit  and  perseverance,  which  had  been  m 
conspicuous  in  manv  other  instances,  must  tor  ever  be  matter  of  regret  lo  Ui 
family,  aa  it  was  to  himself  in  the  latter  years  of  his  life."  The  fact,  however, 
was,  that  he  had  to  complain  of  the  enormous  expense  in  which  he  had  beca 
involved ;  "  and  1  may  be  permitted  to  add,"  continues  his  son,  **  Uiat  by  thb 
time  my  father,  in  the  prosecution  of  his  various  schemes  of  a  purely  public  Dtian, 
and  without  the  slightest  chance  or  expectation  of  reimbursement,  nad  expended 
upwards  of  thirty  thousand  pounds."  And,  being  by  this  time  ardently  eogagcd 
in  a^icultural  pursuits,  his  attention  was  more  easily  turned  from  theefcjectief 
his  former  speculations,  than  those  acquainted  with  his  character  would  have  bees 
prepared  to  anticipate.  Be  that  as  it  may,  it  cannot  be  disputed,  that  in  point 
of  net,  he  had  fuUy  established  the  practicability  o^propelling  yessela  of  any  ok 
by  means  of  wheels  or  revolving  paddles,  and  of  adapting  to  these  the  powtn 
of  the  steam-engine,  although  in  the  subordinate  details  of  execotion,  gfnt 
room  remained  for  minor  improvements.  "  Of  my  father's  peculiar  sad 
undoubted  merits  as  an  inventor,  I  have,"  continues  his  son,  with  apardonaUe 
partiality,  <*  endeavoured  to  give  a  fair  and  unvarnished  account ;  and  of  the 
reality  of  that  invention,  as  carried  into  actual  practice  in  the  year  1788,  sad 
1789,  no  demonstration  more  unequivocal  can  be  desired  than  that,  with  ha 
few  but  satisfactory  experiments,  the  prosecution  of  this  momentous  diseoveij 
remained  suspended  for  many  years  in  a  state  of  inactivity  and  n^lect,  till,  it 
a  period  comparatively  recent,  it  was  revived  in  America,  and  in  this  couatry, 
by  persons  who  can  be  proved  to  have  derived  their  first  lights  from  Dalswiaw 
and  at  Carron.    But  I  have  felt  no  other  desure  than  to  reeovd  the  frcn 
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immediately  connected  with  my  father'i  operations,  and  to  establish  the  priority 
of  his  claims  to  the  credit  of  haTing  originated,  and  carried  into  practical 
execution,  an  improvement  in  the  nautical  art,  by  far  the  most  important  of 
which  the  present  age  has  to  boast;  and  the  ultimate  effects  of  whicn,  on  the 
future  intercourse  of  mankind,  the  most  sanguine  imagination  would  attempt  in 
yain  to  predict"  But  few  experiments  of  importance  appear  to  have  neen 
tried,  after  those  of  Mr.  Miller,  until  the  celebrated  American  engineer, 
Robert  Fulton,  constructed  a  steam  boat,  which  was  launched  at  New  York,  in 
1807,  and  began  to  run  as  a  passage  boat  between  that  city  and  Albany.  The 
engine  was  obtained  iVom  Bolton  and  Watt,  whose  workmen  accompanied  it, 
and  fixed  it  in  the  vessel.  Upon  the  occasion  of  its  being  launched,  and 
removed  to  the  opposite  shore  of  Jersey,  Colden  says,  ''nothing  could  exceed 
the  surprise  and  admiration  of  all  who  witnessed  the  experiment  The  minds 
of  the  most  incredulous  were  changed  in  a  few  minutes;  before  the  boat  had 
made  the  progress  of  a  quarter  of  a  mile,  the  -greatest  unbeliever  must  have 
been  converted.  The  man  who,  while  he  looked  on  the  expensive  machine, 
thanked  his  stars  that  he  had  more  wisdom  than  to  waste  his  money  in  such  idle 
schemes,  changed  the  expression  of  his  features  as  the  boat  moved  from  the 
wharf,  and  gained  her  speed ;  his  complacent  smile  gradually  stiffened  into  an 
expression  of  wonder :  the  jeers  of  the  ignorant,  who  had  neither  sense  nor 
feeling  enough  to  repress  their  contemptuous  ridicule  and  rude  jokes,  were 
silenced  for  tne  moment  by  a  vulgar  astonishment,  which  deprived  them  of  the 
powers  of  utterance,  till  the  triumph  of  genius  extorted  from  the  credulous 
multitude,  which  crowded  the  shores,  shouts  and  acclamations  of  congratulations 
of  applause.  This  far-famed  vessel,  which  was  the  Clermont,  soon  after  sailed 
for  Albany,  and  on  her  first  voyage  arrived  at  her  destination  without  any 
accident  She  excited  the  astonishment  of  the  inhabitants  of  the  shores  of  the 
Hudson,  many  of  whom  had  never  heard  even  of  an  engine,  much  less  of  a 
steam-boat  She  was  described  by  some,  who  had  indistinctly  seen  her  passing 
in  the  night,  as  a  monster  moving  on  the  waters,  defying  the  winds  and  tide, 
and  breathing  flame  and  smoke.  She  had  the  most  terrific  appearance  from 
oilier  vessels,  which  were  navigating  the  river  when  she  was  making  her 
passage.  The  first  steam-boats,  as  others  yet  do,  used  dry  pine  wood  for  fuel, 
which  sends  forth  a  column  of  flame,  many  feet  above  the  flue ;  and  whenever 
the  fire  is  stirred,  a  galaxy  of  sparks  fly  off,  which  in  the  night  have  a  brilliant 
and  beautiful  appearance.  This  uncommon  light  first  attracted  the  attention  of 
the  crews  of  other  vessels.  Notwithstanding  tne  wind  and  tide  were  adverse  to 
its  approach,  they  saw  with  astonishment  that  it  was  rapidly  advancing  towards 
them ;  and  when  it  came  so  near,  as  that  the  noise  of  the  machinery  and  the 
paddles  was  heard,  the  crews  in  some  instances  shrank  beneath  their  decks 
from  the  terrific  sight ;  and  others  left  their  vessels  to  go  on  shore,  while  others 
prostrated  themselves,  and  besought  Providence  to  protect  them  from  the 
approach  of  the  horrible  monster  which  was  marching  on  the  tides,  and  lighting 
its  path  by  the  fires  which  it  vomited."  This  first  voyage,  of  about  150  miles, 
was  performed  in  32  hours,  which  gives  a  speed  of  nearly  five  miles  an  hour. 
The  return  to  New  York  was  effected  in  the  same  space  of  time ;  but,  in  both 
going  and  returning,  the  wind,  a  light  breeze,  was  a-head,  and  the  whole  voyage 
performed  by  the  engine  and  wheeu.  In  the  course  of  it,  the  voyagers  overtook 
many  sloops  and  schooners  beating  to  windward,  and  parted  with  them  as  if 
they  had  been  at  anchor.  Admirable  as  this  early  experiment  unquestionably 
was,  the  speed  was  but  little  more  than  one-third  of  that  now  attained. 
Perhaps  the  cause  of  this  difference  of  effect  wiU  be  in  some  measure  accounted 
for,  by  the  following  particulars  of  the  construction  of  the  Clermont ;  namely, 
length  of  boat,  133  feet ;  depth,  7  feet ;  breadth,  18  feet  The  boiler,  20  feet  long, 
7  deep,  and  8  broad.  The  steam  cylinder  2  feet  in  diameter,  length  of  stroke  4 
feet  The  diameter  of  the  propelling  wheels  15  feet,  breadth  4  feet,  and  dipping 
2  feet  into  the  water.     Burden  160  tons. 

It  is  the  opinion  of  the  elegant  and  acute  writer,  Mr.  Stuart,  whom  we  have 
so  often  quoted,  that  "  there  is  probably  no  one,  whose  name  is  associated  with 
the  history  of  this  mechanism,  and  whose  labours  have  received  so  large  a  share 
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of  applause,  appears  to  have  less  claim  to  notice  as  an  inventor  Uian  Robert 
Fulton."  Altnough  we  cannot  dissent  from  the  strict  literal  meaning  of  thn 
ohservation,  we  thmk  it  would  be  illiberal  not  to  concede,  that  it  has  been  chiefly 
owing  to  the  talent,  energy,  and  perseverance  of  Fulton,  that  the  crude  tnd 
previouslv  abortive  schemes  of  other  inventors  were  ctMried  into  practical  tnd 
oeneficial  operation.  Several  yean  elapsed  before  steam -boats  were  establiflicd 
in  this  country.  In  1812,  a  boat,  called  the  Comet,  waa  tried  on  the  Clrde. 
Shortly  afterwards,  Mr.  Lawrence,  of  Bristol,  constructed  a  steam-boat,  whidb 
he  tried  on  the  Avon,  and  finding  it  successful,  proceeded  with  her  through  the 
canals,  to  the  Thames ;  but,  in  consequence  of  some  of  the  bye-laws  of  the 
l¥aterman*s  Company,  he  was  prevented  from  using  her  profitaUy,  and  onder 
the  necessity  of  returning  her  to  the  Avon.  After  this,  ateam-boats  were  tried 
on  various  rivers,  both  in  England  and  Scotland,  with  different  sticceM.  Tboe 
were  generally,  as  may  be  naturally  concluded,  of  a  very  imperfect  constmdioi. 
The  speculation  being  then  eatremely  hazardous,  old  boata,  and,  in  some  esKS, 
old  engines  were  adopted,  to  save  expense :  the  consequence  of  which  was,  tint 
these  experimenters  just  proved  the  advantages  of  steam-navigatioii,  so  iir  si 
to  warrant  other  parties  to  construct  superior  vessels  and  engines^  taid  dieifby 
reap  the  profit. 

The  construction  of  the  engines  in  these  boats  resembled  each  other  pnl^ 
nearly,  being  generally  beam-engines,  the  beam  working  above  the  ded^  sai 
having  an  erection  for  the  purpose  of  covering  the  machinery,  which  was  me- 
rally  above  the  level  of  the  deck,  the  main  difference  beine  in  the  mode  of 
applying  the  force  of  the  engine  to  the  propelling  mechanism  in  the  watsr. 
Several  of  these  plans  it  will  be  proper  to  notice,  in  addition  to  thoae  meotMBsd 
in  the  foregoing  nistorical  notice. 

One  meUiod  was  by  a  species  of  folding^oar,  which  opened  outward  wbci  it 
was  moved  toward  the  stern,  but  which  folded  into  a  smaller  space  by  Uteierens 
motion.  Several  forms  of  screws  have  likewise  been  suggested  and  patoiled; 
the  screw  being  immersed  in  the  water,  and  made  to  rotate,  canaing  the  cteti- 
nuous  inclined  plane  of  its  worm  to  be  forced  against  the  fluid,  and,  by  the 
reaction  of  the  latter,  to  push  the  vessel  forward.  Apparatus  resemUiiig  the 
action  of  ducks'  feet,  the  fins  of  fishes,  the  motion  of  dogs'  feet,  the  opening  sad 
shutting  of  doors,  or  of  flaps  upon  hinges,  expanding  and  contracting  umbralsi. 
None  of  these,  however,  nave  as  yet  been  found  so  efficacious  as  tne  oooiDoe 
float^wheel,  on  account  of  the  simple  mode  by  which  it  may  be  attached  to  the 
machineiT,  as  well  as  from  its  combining  great  strength  and  compactness.  A 
variety  of  modifications  of  the  common  wneel  have,  however,  been  tried,  to  avoid 
the  loss  of  power  and  inconvenience  arising  from  the  baek-waier,  or  witer 
thrown  up  by  the  emerging  of  the  float ;  a  variety  of  which  are  given  ia  the 
appendix  to  **  Galloway's  History  of  the  Steam-Engine ;"  bat  these  form  bat  s 
small  part  of  the  numerous  contrivances,  designed  with  the  same  object,  sod 
which  have  been  made  the  subjects  of  patents. 

Various  attempts  have  likewise  been  made  to  give  motion  to  the  best  bf 
means  of  paddles  attached  to  chains,  which  pass  over  two  drums  placed  oo  the 
side  of  a  vessel,  as  represented  in  Uie  drawing,  by  which  it  was  expected  that 
the  effect  would  be  considerably  increased  by  the  number  of  paddles  which  were 
acting  upon  the  water  at  the  same  time. 


It  was,  however,  found  on  trial,  that  the  great  ftriction  of  the  chains,  together 
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with  the  number  of  parts,  which  were  exposed  to  injury,  prerented  their  tuo- 
eestfiil  adoption.  Another  method,  upon  a  somewhat  similar  principle,  is  repre* 
tented  in  tne  accompanying  figure.     The  cranks  a  a  are  moved  by  the  engine, 


and  turn  with  them  the  horizontal  bar,  to  which  are  fixed  tlie  vertical  paddles. 
By  this  method  all  the  paddles  are  immersed  in  the  water  in  a  vertical  position, 
and  raised  out  of  it  in  the  like  manner ;  but  although  the  back-water  is  avoided 
by  this  method,  yet  it  is  obvious  that  another  difficulty  is  encountered,  of  a  more 
formidable  nature ;  which  is,  that  the  motion  of  the  paddles,  in  entering,  is  ex- 
ceedingly slow,  and  probably  slower  than  the  speed  at  which  the  vessel  passes 
through  the  water ;  so  that,  unless  the  speed  be  too  great  when  the  paddles  move 
at  their  greatest  velocity,  namely,  when  the  cranks  are  vertical,  they  must,  at 
entering  and  leaving  the  water,  considerably  impede  the  motion  of  the  boat. 

A  method  of  keeping  the  paddles  vertical,  during  the  revolution,  is  described 
by  Mr.  Robertson  Buchanan,  in  his  "  Treatise  on  propelling  Vessels  by  Steam,*' 
which  he  thus  explains : — 

"  If  two  equal  rings  or  circular  lines  in  the  same  plane,  or  in  planes  parallel  to 
each  other,  be  conceived  to  revolve  each  u^n  its  respective  gentre  m  its  own 
plane,  with  one  and  the  same  uniibrm  velocity,  and  in  the  same  direction  with 
regard  to  parts  of  the  rings,  or  lines  alike  situated,  and  any  point  be  taken  in 
one  of  the  lines  or  rings,  and  a  right  line  to  be  drawn  from  that  point,  parallel 
to  a  line  supposed  to  join  the  centres,  until  it  meets  the  other  ring  or  circle, 
then  the  rignt  line  so  drawn  will  be  equal  to  the  line  of  distance  between  the 
centres,  and  will  continue  equal  and  parallel  to  that  line  of  distance  during  the 
whole  of  every  revolution  so  made." 


The  dotted  circle  and  the  black  circle  in  the  accompanying  figure,  denote  the 
rings  or  circles  mentioned  in  the  theorem,  and  y  and  «  denote  their  centres ; 
the  lines  1  a,  parallel  to,  and  equal  to  the  line  of  distance  of  the  centres 
will  continue  equal  and  oarallel  to  that  line  of  distance,  in  the  position  of  2  e, 
and  3  e,  and  4  ^,  and  all  other  positions  into  which  the  point  1  can  be  brought, 
during  the  uniform,  equal,  and  similarly  directed  revolutions  of  the  two  circlet. 

It  will  be  evident  on  a  littie  inspection,  that  this  paddle  wheel  of  Mr.  Bucha- 
nan's is,  (as  he  observed  himselQ  liable  to  the  objections  stated  to  exist  againaft 
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tlic  last  described  npparatuB,  namely,  that  of  im])edin^  the  speed  of  the  boat,  by 
its  comparatively  slow  motion  on  enterijig  and  leaving  the  water.  l*hia  fault, 
together  with  that  of  great  complexity,  and  consequent  liability  to  breakage, 
wul  probably  preclude  its  successful  adoption  ;  although  there  have  been  many 
recent  attempts  to  introduce  it 

In  the  early  constructed  steam-boats  only  one  steam  cylinder  was  employed, 
but  now  it  is  the  invariable  custom  to  use  two  steam  cylinders ;  each  of  which  is 
made  to  work  a  crank  upon  the  axle  of  the  paddle  wheels.  The  cranks  are  at 
right  angles  to  each  other,  so  that  when  one  is  passing  the  dead  point,  the 
other  is  exerting  its  utmost  force.  In  America  the  engines  are  usually  on  the 
high-pressure  pmn,  and  the  boilers  as  well  as  the  principal  part  of  the  machinery 
upon  deck.  In  British  steam-vessels  the  engines  are  principally  constructed  on 
tbe  low-pressure  condensing  principle,  and  the  machinery  all  below  deck.  The 
latter  circumstance  renders  it  indispensable  to  diminish  the  height  of  the  en- 

S'net,  and  to  transfer  the  working  beams  from  above  the  cylinders  to  beneath 
em.  To  reduce  the  height  also,  the  c)'linders  are  made  of  greater  diameter, 
in  proportion  to  their  length,  than  in  land  engines.  A  tolerably  correct  idea 
of  the  general  arrangement  of  the  machinery,  as  well  as  the  various  accommo- 
dations in  a  steam  passage  boat,  will  be  auorded  by  the  figures  on  tlie  oppo- 
•itepage. 

The  upper  figure  represents  a  longitudinal  and  vertical  section,  from  stem  to 
Item,  of  a  steam-vessel ;  and  the  lower  figure  a  plan  of  the  same,  with  the  deck 
removed ;  similar  letters  in  each  figure  refer  to  the  corresponding  parts. 

a  a  are  two  boilers ;  b  the  chimney,  leading  from  the  flues  of  both  the  fires ; 
e  is  the  steam-pipe,  onlv  partly  brouglit  into  view  in  the  section,  but  its  course 
is  better  seen  m  the  plan,  where  it  is  shown  to  proceed  from  both  the  boilers 
into  a  single  tube,  which  conveys  it  into  another  cross  tube,  that  connects  it  to 
the  two  cylinders  d  d^hy  the  inten-ention  of  the  valve  boxes//.  'i*he  air-pumps 
€  e,  are  worked  by  Uie  main  beam,  and  the  eccentric,  for  giving  motion  to  the 
valves,  is  shown  at  g*  The  paddle-wheels  h  A,  are  usually  attached  to  the  main 
crank  by  a  coupling-box,  or  toothed  wheels,  which  enables  the  engineer  to  throw 
off  eitlier  of  tbe  jpropelling  wheels  at  pleasure ;  t,  one  of  the  paddle-boxes^  seen 
only  in  the  section,  j  is  tbe  fore-cabin,  k  the  after-cabin,  o  o  are  staircases  ; 
III/  die  ftaming  of  timber  which  supports  a  platform  or  deck  (commonly  called 
ttMnneway,)  which  nearly  surrounds  the  hull  of  the  vessel. 

Tne  American  steamers  are  for  the  most  part  fitted  up  with  more  extensive 
and  splendid  accommodations  than  our  own.  The  dining-room  of  The  North 
jimunea  is  described  as  being  150  feet  in  length,  and  to  be  capable  of  dining 
from  700  to  1000  passengers !  The  floors  are  covered  with  the  finest  carpets ; 
the  curtains  of  damask  nlk,  and  the  ornamental  work  elaborately  carved,  and 
richly  gilt  The  walls  are  hung  with  the  works  of  celebrated  artists,  &^c.  The 
fare  from  New  York  to  Albany,  including  three  meals,  is  only  four  dollars.  It 
is  usually  performed  (144  miles,)  within  twelve  hours,  including  stoppages  in 
the  voyage  at  ten  or  twelve  different  places.  There  beine  no  machinery  below, 
the  whole  extent  of  the  hull  of  the  vessel  is  left  open  for  those  vanous  commo- 
dious arrangements,  which  in  reality  constitute  an  American  steamer  into  a 
grand  floating  hotel.  The  British  steamers  being,  on  the  contrary,  built  to  sus- 
tain the  waves  of  the  ocean,  are  difTcrently  constructed.  A  good  example  of 
the  construction  of  steamers  in  this  country  is  afforded  by  The  United  King- 
dom packet,  from  London  to  Leith,  which  is  usually  performed  in  from  40  to 
60  hoars.  She  measures  148  feet  in  the  keel,  and  the  breadth  of  her  beam  is 
45  feet  The  accommodations  for  passengers  ore  of  the  most  elegant  and  con- 
venient description.  She  is  propelled  by  two  engines  of  100  horse  power  each, 
(coDStmcted  by  Mr.  Napier,  of  Glasgow,)  which  are  considered  as  s]>ecimeiis  of 
tery  superior  workmanship.  As  these  sorts  of  engines  very  nearly  resemble  each 
Other,  we  have  selected  those  of  this  vessel  as  illustrations  of  the  mode  in  which 
tteam-boat  engines  are  usually  constructed.  The  boilers  to  this  engine  we  have 
already  described  under  that  head,  pages 214,  2 15, Vol  I.;  we  shall  therefore 
Confine  our  notice  here  to  the  engines  only. 

In  the  subjoined  engravhig,  Fig,  1  represents  an  end  view  of  the  two  engines, 
and  Fig.  2,  a  side  view  of  one  of  them.    The  letters  refer  to  the  same  parts  uv 
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eacii.  Tlie  cylinders  a  a  an  of  coat  iron,  aod  fixed  to  a  framing,  which  i* 
bolted  to  tbe  bottom  of  the  boat.  Thi  piston'rodi  b  b,  are  keyed  at  the  □mwr 
Oida,  to  the  crou  headtcc;  lo  the  exterior  eiidi  of  which  are  attached  tha 

f.  oanBBCting-rodi  dd.  The  lover  ends  of  tbeae  connecting-rod*  are  inierted  1b 
.  tba  Ibrk  end  of  tbe  beaini  e  e,  which  ribrate  upon  a  (haft/,  the  bearancei  of 
^  wluell  reil  upon  the  top  of  the  condenier  g.  la  tha  tame  forka  are  inserted  tha 
-Z  «oda  of  other  connecttng-rodi  h  h,  which  are  keyed  at  their  upper  endi  to  cron 
r  ^ad*  i  i.  In  the  eeutre  of  these  crost-beada  are  biubes  large  ennugh  to  receive 
tt*  radajV,  which  extend  to  the  crank  pin*  of  the  cranks  k  k.  lliese  cranks 
\  MM  Ind  to  the  main  shaft,  which  rests  upon  the  bearancei  It,  upon  the  archea 
^  M|  which  are  bolted  to  the  craas  beam,  ai  at  n.  The  shafts  are  ihoiw 
i  JH  facokan  off  at  the  outer  ends,  but  they  extend  to  tbe  oulaide  of  tbe  pad|U 

Xhe  side  beam*  e  e,  are  not  straight,  but  have  two  banda,  represented  by  the 

*  jliter  ports  of  the  stading,  the  ends  near  the  cylinder  being  therefore  much 

''in  apart  than  the  opposite  enda,  so  that  they  may  lake  up  as  little  room  aa 

.  bla,  by  lying  close  to  the  respective  parts  of  tiie  machinery.    They  are 

»  fcrked  St  tlie'end  nearest  the  air-pump  u,  so  as  to  admit  the  insertion  of 

Ita  ptdnp-rods  p,  which  are  connected  at  their  upper  ends  to  the  croxs-heod  o, 

j^  A  boan,  in  the  centre  of  which  is  keyed  the  aii^puinprod  r.    Connecting-roda 

^.an  Bttaehed  at  t,  to  the  side  beams  e,  and  at  their  upper  ends  to  cross-heads, 

liicfa  arc  connected  as  at  u  u,  {Fig,  I,)  to  two  roda,  which  work  the  plungen 

'   two  feed-pumps  r,  for  supplying  tbe  boiler,    j  is  the  apparatus  for  blow- 

Y  tfaroiigh,  previous  to  starting  the  engine.     It  consists  of  a  cock,  which  opena 

' Mnnmunica^on  between  the  steam-chest  and  condensers,  bj  turning 

Tlie  rod  and  lever  «,  are  for  tlie  purpose  of  regulating  the  quantity 
of  iiijection  water  which  enters  into  the  condenser,  by  a  pipe  from  the  outside 
of  tits  Teasel,  and  can  be  increased  and  lessened  in  quantity,  b;  turning  a  coek 
to  irhich  the  rod  x  is  attached,  y  is  the  hot-well,  into  which  the  condensiu 
wcUer  is  discharged  from  the  air-pump.  The  feed-pump*  are  supplied  with 
-watAT  from  this  hot-well,  through  llie  medium  of  a  pipe,  the  overplus  being  dit- 
ediaiXtd  through  the  side  of  the  vessel,  by  another  pipe  which  is  not  seen.  In 
■*■- "        '  -       '-■■■-         ■  Jned  the  tliding-valve.     For  the  purpose  of  eipUin- 


ile,  we  shall  here  introduce  aseparate  diagram,  which  may  be  taken 
iTm  Npresentation  of  the  best  form  in  which  it  u  constructed,  though  it  varies 
6<llli»ll»l  in  its  relative  position  from  that  of  the  engine  we  now  descrihOi  Tha 


n  tbe  following  figure,  has  two  apertures  b  e,  at  top  and  bottom,  1 

. . «  bolted  and  cemented  the  upright  pipe  d,  having  near  its  centre,  or  in 

[  aajr  other  convenient  part,  a  broad  face  represented  at  e,  in  which  are  three  ob- 

k-  taac  bolesi  tbe  upper  one  running  into  the  cylinder  through  b,  and  the  lower 

r  coa  mu>  the  cylinder  through  c.     The  middle  one  communicates  with  %  tepa- 

Xtt»  recess  h,  to  which  is  attached  a  pipe,  which  forma  a  communioation  with 

the  ctmdenser.     The  steam  chest /,  is  a  rectangular  box  of  cast  iron,  and  has  ■ 

pipe  attached  to  it  from  the  boiler ;  this  chest  is  covered  over  and  made  ateam- 

tightbya  lid^  screwed  toit.     On  the  upper  side  of  the  steam  chest  is  •  stuffing 

box,  through  which  passes  a  turned  rod  for  working  the  slide-valve  h,  which  li 

raprnenlM  in  section. 

^niis  valve  ha*  a  flat  face,  neatly  ground  to  the  suifiice  «,  nifficiaDt  to  covct 

I  of  the  holes  of  e,  and  twice  the  breadth  of  any  one  of  the  nirfkee*  iatenren- 
betwcen  any  of  the  holes  in  e.  The  valve  is  raiaed  into  a  box  from  its  open 
dor  part,  being  of  sufficient  dimenuons  to  cover,  in  its  present  situation,  two. 
■  posHget  *,  and  leave  open  a  third,  the  bottom  one  in  tbe  present  instance 
^Keam  were  BdTf'H'H  into  the  steam  cheit  whilst  the  valve  was  in  Its  higheat 
^n.  it  conld  only  enter  into  the  cyhoder  through  o,  and  consetjuently  would 
ic  the  piston  to  ascend,  whilst  tbe  air  above  it  would  be  discharged  through  b, 
the  aptn  part  of  the  valve,  and  so  Into  the  condeneer.  But  suppose  the 
e  to  be  depressed  so  es  to  cover  the  middle  and  lowest  holes,  then  the  steam 
ion  the  boiler  would  have  free  communication  witli  the  upper  side  of  the  pit- 
top  throogh  b,  which  it  would  eonjequently  force  downward*,  whilst  the  steam 
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uicd  in  the  uuendin^  stroke  woutd  be  dUchaiged  into  the  condenatT,  thia]|li 
tlie  interior  of  the  aliding  valve ;  lo  that  l^  changing  the  aitualioD  of  ibt  nm, 
the  piiton  may  be  nwide  lo  BKeod  ordetOMid  at  pleuiure.  llie  mode  bj  wUd 
the  valvei  in  tlie  engiiM  before  mentioDedare  werted,  ia  by  ec"**'— -~'^ 


muQ  ihaA,  which  work  crauki ;  a  ipindle  eitend*  aooM  between  dM  rapftd- 
ins  cotomDi,  in  the  centre  of  which  if  nootlier  craofc,  which  girea  motiua  M  ■ 
■ude-rod,  thNush  the  medinm  of  two  other  rodi.  The  pitton-radi  and  awt 
huds  preKTve  thear  vertieal  motion  bf  horiMiital  ban,  having  »:^vmuiHe  Uma 
on  tbeiT  otter  endi,  fitted  to  the  edumni^  npiHi  which  thej  wcvfc  anoMbh  9 


ere  great  I 
ptJbU,  ill 
■  obnoai  M  Ih^  am'wcD  kM*K 


oiDBmental  ai  wdl  ea  ttiefiif  parpoMi  are 
See  I  HON. 

STEELYARD.    A  machine  fbr  aKertaining  die  weiglita  of  bo&i,  ■ 
denominated  the  Roman  balance.    It  connili  of  ~ '   ~       * 
pended  horiaontally ;  to  the  ihorter  of  the  two  ai 

b«  weighed,  and  on  the  longer  arm  a  weight  ii  made  to  traVeia^n 

rcBti  in  e  horixonta]  poaition ;  the  position  of  the  travai^g  we^gbt  iadietfiil 
the  weight  of  the  article,  which  ii  engraved  on  the  beam  when  the  weMtMp 
See  the  articlts  Balance  and  Leteb.  There  la,  however.  Mother  kMrf** 
yardi  in  ezteniive  use  for  domestic  and  other  pttrpoaea^  alllliitinnii  nkc^ii 
weighing  is  not  appreciated.    The;  ate  luuallj  called  "  poekat  itauljaid^'  h' 


rar  of  noeqiMl  bw^  ■» 
it  iDBpeiidM  tbaaiti^M 
to  b»v«n^ataAehi« 
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are  thus  conftructed : — In  the  centre  of  a  distended  spiral  spring  of  many  coils, 
is  a  metallic  bar,  on  which  are  marked  the  divisions  of  the  scale,  according  to 
the  amount  of  force  or  weight  in  pounds,  re<|uisite  to  compress  the  spring  to 
any  point  represented.  To  one  end  of  the  bar  is  rivetted  a  plate,  to  press  upon 
the  springs  which  are  both  in  a  cylindrical  metal  case ;  the  other  end  of  the  bar 
passes  freely  through  a  hole  in  the  bottom  flat  end  of  the  case,  where  it  is  con- 
nected to  a  hook,  on  which  the  article  or  goods  to  be  weighed  are  hung ;  and 
according  to  their  actual  weight  tlie  bar,  by  compressing  the  spring,  is  externally 
protruded,  showing  by  the  figure  on  the  scale  the  weight  of  substance  suspended. 
A  great  variety  of  machines  for  indicating  weight  and  pressure  by  the  elastic 
resistance  of  springs  have  been  invented,  and  several  have  been  described  in  the 
course  of  this  work,  (see  the  articles  DYNAMouETBa,  Cablb,  and  others,)  and 
we  shall  here  add  one  more,  which  has  been  brought  into  very  extensive  use  by 
the  diligence  and  skill  of  Mr.  Marriott,  of  London.  The  machine  we  allude 
to  is  denominated  Marriott's  Patent  Weighing  Machine.  It  is  an  invention  of 
150  years  standing,  and  the  improvements  made  by  Mr.  Marriott  relate  to 
some  minutiae,  which,  though  of  a  subordinate,  are  not  of  a  useless  character. 
The  annexed  diagram  la  ulustrative  of  the  construction  of  the  internal  part. 
a  is  the  ring  by  which  the  machine  is  suspended:  to  the  stem  proceeding 
from  the  ring  the  uppermost  side  of  a  strong  elliptical  steel  spring  is  made 
last  by  a  nut  and  screw ;  at  6  is  suspended  tlie  scale,  or  other  receptacle  to 

hold  the  goods  to  be  weighed ;  the 
stem  of  tms  is  secured  to  the  lower- 
most side  of  the  spring,  and  like- 
wise at  its  upper  extremity  to  a 
vertical   rack   c,  which  is  drawn 
downwards  as  the  elasticity  of  the 
spring  is   operated  upon  by  the 
weight ;    the  descent  of  the  radt 
turns  a  small  toothed  pinion  d,  on 
the  axis  of  which  is  fixed  a  hand  «, 
that  points  out  upon  the  graduated 
circle/  the  amount  of  the  force  or 
;^  weight  applied.    The  inner  circle 
'•  Of  snows  the  periphery  of  the  circu- 
lar box,  which  encloses  the  parts  de- 
lineated within  it    The  periphery 
of  the  front  plate  and  the  mdex  are 
shown  in  dotted  lines,  as  they  are 
not  supposed  to  he  seen  in  this  view 
of  the  apparatus.    This  machine  is 
extremely  convenient  and  portable, 
it  requires  no  weight,  may  be  hung 
up  any  where,  and  is  sufficiently 
accurate  for  the  generality  of  pur- 
poses, where  inaccuracies  to  the  ex- 
tent of  a  few  small  fractional  parti 
are  of  no  moment. 
STILL.  The  name  of  the  principal  vessel  in  which  distillation  is  conducted, 
e  a  great  variety  of  them  under  the  heads  Alcohol,  Distillation,  &c. 
STIrPLING.     A  mode  of  engraving  on  copper  by  means  of  dots,  as  contra- 
distinguished from  a  course  of  continued  lines.    The  term  is  likewise  applied 
to  the  mode  adopted  by  some  artists  in  drawing,  of  putting  in  the  tints  and 
dtmdowB  of  Uack  lead  or  crayons,  by  means  of  the  end  of  a  piece  of  coUed 
jpiqier,  charged  with  the  pigment,  with  which  it  is  stippled  or  stamped  on  to 
the  surface  of  the  paper.    Good  artists  generally  despise  this  process ;  and  we 
mn  of  opinion  that  none  but  good  artists  should  attempt  to  practise  it,  on  ao- 
comit  m  its  wretched  spiritless  appearance,  if  not  very  ably  performed. 

STOCKS.    A  frame  erected  on  the  shore  of  a  river,  or  of  the  sea,  and  in 
At  large  establishipenta  in  the  inside  of  docks,  for  the  purpose  of  building 
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ships.  It  generally  coniiats  of  a  number  of  solid  wooden  blocki,  nngid 
parallel  to  each  other  at  convenient  distances  upon  a  very  firm  foundatioii,  lad 
with  a  gradual  declivity  towards  the  water. 

STRAND.  One  of  the  twists  or  divisions  of  which  a  rope  is  composed; 
also  the  name  applied  to  any  searbeach,  or  shore,  that  slopes  gradually  down  to 
the  water's  edge 

STRANDED,  m  $ea  qffain,  a  term,  which,  when  applied  to  a  rope^  ivnifia 
that  one,  at  least,  of  iU  strands  is  broken ;   but  when  applied  to  a  uaa,  tt 
vessel,  it  means  that  she  has  run  on  a  rock  or  shoal,  and  been  either  nouni 
useless,  fit  entirely  dashed  to  pieces.    The  considerable  loss  eveiy  year  of 
valuable  lives,  by  shipwreck,  on  the  British  shores,  had  early  attracted  d» 
notice  of  the  Society  or  Atts,  and  premiums  were  offered  for  the  discovtiy  if 
effectual  means  of  diminishing  the  frequency  of  these  distressing  calamities,  h 
the  year  1791,  Mr.  J.  Bell,  seijeant  of  artillery,  proposed  the  pnnectioo  of  m 
eight-inch  shell,  loaded  with  lead,  and  having  a  light  rope  attadied  to  it    Tbc 
shell  beine  discharged  from  a  small  mortar  on  the  deck  of  a  strandol  ship, 
would  perform  a  range  of  about  200  yards,  carr)'ing  the  rope  with  it,  and  wouU 
bury  itself  in  the  sand  on  the  shore,  so  as  to  form  a  communication  with  the 
land,  by  means  of  which  bpats,  or  rafls,  might  be  hauled  through  the  surf,  ssd 
thus  greatly  facilitate  the  probability  of  escape  from  the  wreck.  The  objectioci 
to  this  plan  consisted  in  the  difficultjr  of  prevailing  on  the  owners  of  merchsot 
ships  to  incur  the  expense,  and  on  the  masters  to  have  the  apparatus  in  con- 
stant readiness  for  use.     Besides  which,  maiw  cases  would  no  aoubt  occur,  is 
which,  firom  the  pitching  of  the  vessel,  and  from  the  sea  beating  over  her,  it 
would  be  impossible  to  project  the  shot  in  the  right  direction,  or  even  to  din 
charge  the  mortar  at  alL 

In  1808,  CapL  G.  W.  Manby,  of  Yarmouth,  effected  conaideraUe  improve 
ments  on  the  original  proposal  of  Mr.  Bell.  These  consisted  in  stationiitf  tht 
apparatus  on  the  shore,  instead  of  having  it  on  board  the  ship,  as,  mdmi,  had 
previously  been  proposed  by  Mr.  Bell ;  thus  enabling,  in  the  first  plaeep  a  iiB|^ 
apparatus  to  be  used  in  aid  of  every  vessel  that  might  be  driven  mAart,  oa  a 
considerable  line  of  coast    Secondly,  enabling  the  persoiu  intrusted  with  tki 


apparatus  to  become  familiar  with  it,  and  therefore  prompt  in  its  apDlkslka. 


Thirdly,  increasing  the  probability  of  success  by  having  the  t>o\,  _   _  ^ 

the  mortar  in  the  most  favourable  position,  with  regard  to  the  vessel,  snd  m 
arranging  the  rope,  so  as  to  render  it  much  less  liable  to  entansle,  and  therekf 
to  break,  than  if  it  were  thrown  from  the  deck  of  the  stnmded  vesseL  Thi 
great  personal  activity  and  exertions  of  Capt  Manby  in  this  Teiy  intcraliig 
and  meritorious  undertaking,  were  liberally  seconded  by  the  goremment ;  asd 
the  result,  that  on  the  eastern  part  of  Norfolk  alone,  where  Capt  Manl^  Im 
been  .stationed,  no  leu  than  332  persoiu  have  been  reecued  fixim  48  strasdtd 
vessels  between  1808  and  1826.  Capt  Manby "s  original  roetfaod  of  cafliag* 
faking  the  rope  on  the  shore,  was  an  operation  that  required  to  be  very  deHv- 
ously  performed;  was  impracticable  in  some  places  fitim  the  inequalioss  of  tht 
ground ;  was  liable  to  derangement  from  the  wind ;  occupied  much  piidsB 
time  after  the  arrival  of  the  apparatus,  and  scarcely  admitted  of  being  uufwrf 
at  night  A  great  improvement  was  subsequently  made  by  Capt  luiky,  h 
having  the  ropes  arranged  in  baskets,  which  allows  of  their  being  now  ea^ 
veyed  in  a  state  ready  for  immediate  use,  to  any  place  wheiv^Sey  any  ki 
wanted.  Under  the  management  of  Capt  Manby,  and  his  w«TT*^iftT  "^" 
ants,  the  breaking  of  a  rope,  in  consequence  of  its  getting  foul  while 
out,  is  a  very  rare  occurrence.  Other  persons  less  accustomed  to  the  1 
and,  perhaps^  less  dexterous,  have,  however,  firequentlj  fiiled ;  and  il 
to  be  generally  aUowed  by  the  associations  on  the  coasts  of  Norfolk  and 
for  relief  in  cases  of  shipwreck,  .that  some  more  certain  mode  cf 
coiling  the  rope  would  be  an  important  improvement 

In  1823,  Mr.  Hase,  of  Saxethorp,  in  Norfolk,  being  employed  to 

mortar  for  one  of  Capt  Manby 's  apparatus  stationed  near  Croaer, 

a  skeleton  reel,  or  rather  conical  spindle,  as  an  improvement  on  Capt  Malf^ 
baskets.    This  reel  was  supported  by  an  aius,  whi^  allowed  of  its  ~  '      '    ' 
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■t  uiy  reqnlred  angle ;  and  the  r(i|»  being  «auii<)  round  it,  wu  expeclcd  to  bt 
delirvred  more  freely,  and  with  leii  riak  of  breaking,  than  by  the  luual  mode. 
Experimenti  made  at  Cromer  confirmed  the  aiilicipstioni  of  the  inventor,  and 
the  appantui  haa  now  been  in  use  for  three  yean,  and,  apparently,  hit  givea 
much  i«ti«faetion. 

Finally,  Mr.  Thorold  hai  eiven  to  Mr.  Haie'i  reel  a  itronger  and  more  com- 
pact form,  hai  both  expedited  and  facilitated  the  coiliifg  of  the  rope  evenly  upon 
It,  and  ha«  placed  the  mortar  and  reel  upon  wheels,  eo  that  it  may  be  trant- 
potted  ezpedtdooely  to  any  place  where  it  ii  wanted.  It  is  obvious,  however, 
that  by  lo  doing,  the  eipenie  of  llie  whole  apparatus  is  grently  increased ;  that  it 
k  now  acarcdy  capable  of  being  conveyed  by  hand,  as  Capt.  Manby'i,  and  even 
Mr.  Haaefa  is;  and  that,  thcrefure,  lituatjona  may  occur,  to  which  it  would  be 
;  if  rot  impouible,  to  bring  it.  The  following  figure  presents  a  «id« 
n  of  the  cart  fwilh  the  near  wheel  oS)  and  reel,  and  the  mortar  elevated 


lata  a  position  for  firing-  Tlic  axis  of  the  conical  reel  ii  fixed  in  the  centre  of 
m  atrong  wooden  crose,  which  is  framed  and  secured  by  four  bolts  lo  the  bars 
H  ;  these  are  hinged  at  c  to  the  cart ;  </  is  a  bar  of  iron  with  holes,  serving  aa 
•a  elevator;  it  is  screwed  on  to  the  frame  (,  and  one  of  the  holes  being  placed 
an  a  pin  fixed  in  the  cart's  aide,  retains  the  reel  at  Iho  required  ancle.  Two 
«Aniti«  r<  are  fixed  on  at  each  aide  of  the  cart,  and  to  the  frame  i  6,  which 
■ctaina  it ;  while  the  reel  is  vertical,  the  elevator  d  ealchea  the  pfn  by  its  last 
haltJ  At  /  there  is  a  movable  ring  and  winch  handle  (not  repreientcd) ;  g  ■ 
pnd*  bar,  turning  on  pivots  in  the  frame  b,  on  which  i*  a  sliiDng  box  A,  to  ba 
ued  in  coiling  the  rope.  Within  the  winch  ring  is  a  hook ;  a  bend  of  the  line 
liaiiig  placed  on  this,  the  reel  is  turned  oncd  round,  and  the  rope  passed  through 
tk*  eye  of  the  guide  box  h,  properly  constructed,  and  a  pair  of  nippen  (not 
riwwn).  Whan  the  mortar  is  to  be  fired,  the  guide  bar  a  is  thrown  back  into 
Ae  poaitlmi  represented,  and  the  winch.  I'lie  pressure  of  the  guide  bar  being 
dm*  taken  off,  the  elasticity  of  the  cord  causn  it  to  rise  a  little,  and  throw  i^ 
two  or  three  of  the  upper  coils ;  the  next  coil  is  kept  in  its  place  by  one  of  tha 
I  Mriatante  laying  his  finger  on  it,  and  not  wiihdrawmg  it  until  the  moment  oT 
';  Mnf  •  The  mortar  is  to  be  placed  a  few  yards  to  leeward  of  the  reel,  with  the 
Vna  attached  to  the  shot.  A  clamp  a  hangs  from  the  frame  b,  by  means  of 
.:'  vbieb  the  laat  c<nl  of  the  rope  is  to  m  bound  to  the  rim  of  the  cone,  in  order 
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tQ  secure  it  for  travelling,  the  remainder  of  tlie  line  being  on  the  frame  o  a. 
Another  line,  on  a  similar  frame,  is  stowed  in  the  tail  of  the  cart;  and  in  front 
of  the  axletree  there  is  a  locker  for  the  shot,  the  peculiar  foorm  of  whidi  ii 
shown  by  the  separate  figure  q.  The  time  required  for  winding  the  line,  and 
firing  the  shot,  is  one  minute  and  a  half.  Numerous  certificates  on  the  advan- 
tages of  Mr.  TlioroM's  apparatus,  accompanied  that  gentleman's  commiinicstiao 
to  the  Society  of  Arts,  who  voted  him  the  silver  Vulcan  medal :— «  modci  of 
which  invention  is  placed  in  the  Society's  Repositoiy. 

SUBERIC  ACID.  An  acid  obtained  from  cork ;  guber  being  the  specific  name 
of  the  cork-tree. 

SUBLIMATION.  An  operation,  by  which  volatile  subatances  are  coDedcd 
and  obtained.  It  is  nearly  allied  to  distillation,  excepting  that  in  the  latter,  tbe 
fluid  parts  only  of  bodies  are  raised,  whereas,  in  auuimation,  the  solid  aad  liic 
dry  are  obtained.  Flowers  of  sulphur  are  obtained  in  this  way ;  and  the  sooc 
in  our  chimneys  is  a  familiar  and  perfect  illustration  of  sublimation. 

SUCCINIC  ACID.    An  acid  extracted  Irom  amber,  by  distillatioD. 

SUCKER,  A  name  given  by  plumbers  to  the  bucket,  piston,  or  rising  vahrr 
of  a  pump :  see  Pump. 

SU  L  F  HATES.   Definite  compounds  of  sulphuric  acid  with  the  yatifiablf  baseL 

SULPHITES.    Definite  compounds  of  sulphurous  acid  with  their  bases. 

SULPHUR.  A  simple  inflammable  body.  Its  fiising  point  is  220^  Fskr. 
after  which  it  begins  to  evaporate ;  at  560o,  it  takes  fire  in  the  open  air,  sod 
burns  with  a  pale  blue  flame  :  k^t  melted  in  an  open  resael  at  300*,  it  becooMi 
of  a  red  colour,  thick,  viscid,  and  plastic,  like  wax^  and  is  used  by  seal  ca- 
davers to  take  off  impressions  from  their  work.  Its  great  utility  in  the  arti 
IS  too  well  known  to  need  specifying. 

SULPHURETS.  Combinations  of  the  alkalic  earths,  and  metals,  vilk 
sulphur. 

SULPHURIC  ACID :  see  Acid,  Sulpbusic. 

SUMACH.  A  vegetable  substance,  extensively  emnloyed  in  tamii^r  ad 
dying.  It  consists  of  the  young  shoots  of  a  shnib^  Uuil  srowa  nalaidlyin 
many  parts  of  the  Mediterranean ;  the  shoots,  after  being  dried,  warn  reduced  ft 
powder  in  a  mill,  which  adapts  it  to  the  immediate  use  « the  tanner  and  djcr: 
It  abounds  in  tannin  and  the  gallic  acid,  strikes  a  deep  and  rich  Uack  with  iW 
salts  of  iron,  and  is  eminently  valuable  in  the  arts  alluded  to^  (whidi  see,)  sad 
many  others. 

Swivel,  a  kind  of  ring  or  link  of  a  chain,  that  u  enabled  to  tmn  resoi 
by  jointing  it  to  the  next,  by  means  of  a  pin  or  axis.  Hie  term  of  swivel  ii 
applied  to  a  small  cannon,  provided  witli  a  similar  kind  of  joint ;  and  to  tcij 
numerous  purposes,  twivel-joifU*  are  adapted  and  modified  in  a  variety  of  wiji 
too  unimportant  to  describe. 

SWOkD.    a  long-bladed  knife,  fashioned  in  various  ways,  but  all 
for  mangling  or  destroying  the  human  snecies. 

S YRl  N  G  E.    A  simple  by drauhc  macnine,  employed  to  draw  in  and  i 

fluids  violently.    It  consists  merely  of  a  small  tube,  in  which  is  fitted  a , 

or  plunger,  and  ha\'ing  a  small  hole  at  the  bottom  of  tlie  tube,  thim^  wkick 
the  liquid  enters,  when  the  plunger  is  drawn  back,  and  chaigea  the  bsniL 
'ilicn,  by  forcing  the  plunger  forwards,  the  fluid  is  expelled  with  i 
portioned  to  the  velocity  given  to  the  plunger. 


T. 


TABBY.  The  name  of  a  rich  kind  of  silk,  which  has  undemie  ih 
operation  of  tahhymg  ;  which  consists  in  passing  between  metallic  roUcii^  tt* 
surfaces  of  which  are  variously  engraven,  producing  thereby  the  derke  i^ 
the  stuff,  by  laying  down  the  fibres  in  one  part,  and  leaving  them  errd  ii  t* 
other,  rendering  them  conspicuous  by  the  difierence  of  light  and  ahade 
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TABLES.  In  mathemalidf  they  are  the  results  of  calculations,  systematically 
arranged,  for  the  convenience  of  ready  application.  They  also  serve  the  useful 
ptuposes  of  testing  the  accuracy  of  a  person's  own  calculations.  Numerous 
tables  are  fiven  in  various  parts  of  this  work,  attached  to  the  subjects  to  which 
tbej  are  related. 

TACAMAHAC.    a  resin,  having  the  odour  of  musk,  soluble  in  alcohol. 
TACKLE.     A  term  sometimes  applied  to  a  pair  of  pulley-blocks  and  ropes, 
used  for  raising  or  removing  weights. 
TACKS.     Small  nails.     See  Nails. 

TAFFETY.  a  very  rich,  glossy,  silk  stufi^  plain,  flowered,  gold-striped, 
frc  frc. 

TALC.  A  soft  unctuous  mineral,  occurring  in  beds,  in  mica-slate,  and  clav- 
slate.  It  is  found  in  several  parts  of  Scotland,  but  the  best  comes  from  die 
neighbourhood  of  the  Tyrol.  It  is  employed  as  an  ingredient  in  rouge  for  the 
toilette,  along  with  carmine  and  benzoin.  This  cosmetic  communicates  a 
remarkable  &gree  of  softness  to  the  skin,  and  is  not  injurious.  The  flesh 
polish  is  given  to  g3rp8um  figures,  by  rubbing  them  with  talc. 
TALLOW.  Animal  fat  melted  down  and  clarified.  See  Fat. 
TAMBOUR.  A  species  of  embroidery,  in  which  threads  of  gold  and  silver 
are,  by  needles  of  a  peculiar  form,  worked  in  leaves  and  flowers,  &c.,  upon  a 
silk  stu£^  stretched  over  a  circular  frame,  called  a  tambour. 

TANNIN.  A  peculiar  vegetable  principle,  so  named  because  it  is  the  efiective 
agent  in  iannma,  or  the  conversion  of  vskin  into  leather.     See  Leath  er. 

TAPESTRi.  A  species  of  woven  hangings  of  wool  and  silk,  adorned  with 
seenic  representations  in  imitation  of  pamting,  and  employed  formerly  for 
limng  the  walls  of  elegant  apartments,  churches,  &c.  The  French  ascribe  the 
invention  to  the  Saracens ;  and  hence  the  workmen  employed  in  it  were  called 
Saraxins.  Guicciardini  ascribes  it  to  the  Dutch.  A  manufactory  was  esta- 
blished at  Paris,  by  Henry  IV.  in  1606  or  1607,  which  was  conducted  by 
flemish  artists.  It  was  brought  to  England  by  Wm.  Sheldon,  in  the  reign  of 
Henry  YIII.;  and  in  1619  a  manufacture  was  established  at  Mortlake,  in 
8orrey,  by  Sir  Francis  Crane,  who  received  2000/.  from  King  James  to 
aneoarage  the  design.  The  manufactory  of  the  Gobelins  in  France  became  the 
most  celebrated  for  the  beauty  of  the  colouring,  and  the  elegance  of 
itsign ;  the  first-rate  painters  being  employed  to  furnish  subjects. 

TAPIOCA.  A  gummy  kind  of  starch,  prepared  by  the  Brazilians  from  the 
root  of  the  casava  plant.  A  spurious  tapioca  has  been  manufactured  in  this 
country,  from  the  farina  of  the  potato;  the  process  of  preparing  the  latter 
consisting  simply  in  exposing  the  dry  farina  to  the  action  of  a  moderate  heat 
in  an  open  pan,  and  continually  stirring  it  up  to  prevent  carbonization ;  the 
water  or  crystallization  of  the  starch,  causing  a  species  of  fusion  of  the  starch, 
which  conglomerates  into  little  masses,  of  a  semi-transparent  gummy  appearance, 
imt  with  an  efflorescent  surface,  much  like  the  foreign  tapioca  in  appearance ; 
mad  although  it  possesses  similar  properties  as  an  aliment,  it  does  not  form  so 
strong,  nor  so  agreeable  a  "jelly."  A  patent  was  recently  taken  out  for  the 
process  just  described ;  but  unfortunately  for  the  patentee,  it  was  well  known, 
and  for  nearly  half  a  century  before  the  date  of  his  patent  The  advantage  of 
tibe  process  is,  however,  to  us  more  than  doubtful,  whilst  the  foreign  article  can 
bo  obtained,  subjected  to  only  a  moderate  import  tax. 

TAR.  A  thick  black  unctuous  substance,  obtained  chiefly  from  old  pines 
and  fir  trees,  by  burning  them  with  a  close  smothering  heat.  It  is  prepared  in 
great  quaatities  in  Norway,  Sweden,  Russia,  Germany,  North  America,  and  in 
other  countries  where  the  pine  and  fir  abound. 

The  mode  practised  in  the  Scandinavian  peninsula,  is  similar  to  that  described 
hf  Theophrastus  and  Dioscorides,  as  in  use  in  ancient  Greece.  A  conical  cavity 
is  made  in  the  earth,  with  a  cast-iron  pan  at  the  bottom,  to  which  is  connected  a 
pipe  to  carry  ofl*  the  liquid.  Billets  of  wood  are  thrown  into  the  cavity,  and  being 
than  covered  with  turf,  are  slowly  burnt  without  flame.  The  tar  which  exudes 
during  the  combustion,  is  conducted  by  the  before-mentioned  pipe  into  barrels, 
which  are  afterwards  bnngod  up,  and  are  then  ready  for  exportation. 
vol.  II.  «*>  » 
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Beefier,  the  celebrated  chemist,  first  proposed  to  make  tar  from  pit-coal. 
Manufactures  for  this  purpose  have  been  establislied  many  years  ago,  in  seTcral 
parts  of  England.  In  the  year  1781,  the  carl  of  Dundonald  obtained  a  patent 
for  extracting  tar  fV-om  pit-coal,  by  a  new  process  of  distillation  ;  a  kind  of  tar 
is  also  produced  from  the  pit-coal  used  in  the  production  of  gas  for  illUminatioiL 
See  Gas  :  also  Pitch. 

TARPAULIN.  A  piece  of  strong  canvass,  or  sail-cloth,  well  saturated 
with  tar,  and  dried ;  employed  extensively  for  covering  goods  in  ships,  banrei^ 
waggons,  carts,  &c. ;  also  for  protecting  stacks  and  ricks  of  agricultural  produce 
from  the  effects  of  the  weather,  &c. 

TARRAS,  or  TERRAS.  A  volcanic  earth  used  as  a  cement.  It  diSfefB 
but  little  from  puzzolana,  but  contains  more  heterogeneous  particles,  as  spar, 
quartz,  shorl,  &c.  It  effervesces  with  acids,  is  magneti^  and  fusible  joer  sr. 
When  pulverised,  it  serves  as  a  cement,  like  puzzolana.  It  is  obtainea  ftmh 
Germany  and  Sweden. 

TARTAR.  A  substance  deposited  on  the  sides  of  wine  casks,  during  the 
time  that  the  wine  is  in  a  state  of  fermentation.  This  substance  being  scraped 
off,  and  in  its  natural  and  unpurifled  state,  is  called  by  chemists  super-tartrate 
of  potash,  and  popularly,  crude  tartar.  Tartar  is  distinguished,  firom  its  colour, 
into  red  and  white,  according  to  tlie  colour  of  the  wine  from  which  it  originates. 
All  wines  do  not  afford  the  same  proportion  of  tartar ;  according  to  Dr.  Newmaun, 
the  wines  of  Hungary  3rield  but  little  tartar,  those  of  France  somewhat  more, 
while  the  Rhenish  wines  afford  the  purest  tartar  in  large  quantities,  llis 
method  adopted  at  Montpelier,  according  to  Dr.  Ure,  for  purifying  this 
substance  from  an  abundance  of  extractive  principle,  is  as  follows.  «Tbe 
tartar  is  dissolved  in  water,  and  suffered  to  crystallize  by  cooling ;  the  cr3^ta]s 
are  then  boiled  in  another  vessel,  with  the  addition  of  five  or  six  pounds  of  the 
white  argillaceous  earth  of  Murviel  to  each  quintal  of  the  salt.  After  this 
boiling  of  the  earth,  a  very  white  salt  is  obtained  by  evaporation,  which  is 
known  by  the  name  of  cream  of  tartar,  or  the  acidulous  tartrate  of  potask,'*  olr 
purified  super-tartrate  of  potash. 

Emetic  tartar  is  the  tartrate  of  potash,  and  antimony.  Regenerated  iarUgr, 
the  acetate  of  potash.  Salt  of  tartar,  the  subcarbonate  of  potash.  SoluUt 
tartar^  the  neutral  tartrate  of  potash.     Fitriolated  tartar,  sulphate  of  potash. 

TARTARIC  ACID.  An  acid  obtained  from  the  above-mentioned  salt  tartar 
by  Scheele.  In  a  solution  of  the  super-tartrate  in  boiling  water,  he  saturated 
the  superfluous  acid  by  the  addition  of  chalk,  as  long  as  effervescence  ensued ; 
and  expelled  the  acid  from  the  precipitated  tartrate  of  lime,  by  means  of  the 
sulphuric.  Or  four  parts  of  tartar  may  be  boiled  in  20  or  24  narts  of  water, 
and  one  part  of  sulphuric  acid  added  gradually.  By  continuing  tne  boiling,  the 
sulphate  of  potash  will  fall  down.  When  the  liquor  is  reduced  one-half,  it  is  to 
be  filtered ;  and  if  any  more  sulphate  be  deposited  by  continuing  the  boiling, 
the  filtering  must  be  repeated.  When  no  more  is  thrown  down,  the  liquor  is  to 
be  evaporated  to  the  consistence  of  a  syrup ;  and  thus  crystals  of  tartaric  acid, 
equal  to  half  the  weight  of  the  tartar  employed,  will  be  obtained. — Ure^ 

TARTRATE.     A  neutral  compound  of  the  tartaric  acid,  with  a  blue. 

TAWING.    The  art  of  preparnig  white  leather.     See  Leather. 

TEA.  The  dried  leaves  of  the  tea-plant,  which  is  a  native  of  Japan,  Cliina, 
and  Tonquin.  The  history  of  commerce  does  not  perhaps  present  a  parallel  to 
the  circumstances  which  have  attended  the  introduction  of  tea  into  this 
country.  The  leaves  were  first  imported  into  Europe  by  the  Dutch  East  India 
Company,  in  the  early  part  of  the  seventeenth  century ;  but  it  was  not  until 
the  year  1666  that  a  small  quantity  was  brought  over  firom  Holland;  and  yet, 
from  a  period  earlier  thafi  the  memory  of  but  few  of  the  present  generation  can 
reach,  tea  has  been  regarded  as  one  of  the  principal  necessaries  of  life  among 
all  classes  of  the  community.  To  provide  a  sufficient  supply  of  this  aliment, 
many  thousands  of  tons  of  tfie  finest  mercantile  navy  in  the  world  are  emptoyed 
in  trading  with  a  people  by  whom  all  dealings  with  foreigners  are  merely 
tolerated ;  and  from  this  recently-acquired  taste,  an  immense  and  easily-coUeetsd 
revenue  is  obtained  by  the  state. 
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codi.      The  cytindera  a  a  are  of  eoit  iron,  and  flxed  to  a  fraining,  which  ii 

Ixdted  to  the  bottom  of  the  bout.     The  puton-rodi  b  b,  tte  keyed  at  the  npper 

waiU,   to  the  crou  lieadifc;  to  the  exterior  end*  of  which  are  attached  Cha 

A    flOHiMc ling-rods  d  d.      The  lower  endi  of  theee  connecting-rod)  are  inwrted  ia 

-     IIm  Ibrk  end  oT  the  beanu  e  c,  which  vibrvto  upon  a  *haft/  the  bearances  of 

'-     whidl  reit  upon  the  top  of  the  condenier  ^.     In  ibeiame  forks  ore  inierted  the 

and*  of  other  coDnecting-rodi  h  h,  which  are  keyed  at  their  upper  ends  to  eroas 

di  i  k     Id  the  c«utre  of  these  cross-heads  are  Inuhe*  Urge  enough  U>  receiie 

tta  taiajj,  which  extend  to  the  crank  pin*  of  the  cranks  k  k.     These  cranks 

.■M  itn  la  the  main  shaft,  which  rests  upon  the  bearsncei  II,  upon  the  archea 

-Wtf    wllieh   are   bolted  to  the  cross  beam,  u  at  n.      Tie  shafts   are   thovn 

■a  bnken  off  at  the  outer  ends,  but  they  extend  to  the  ouuide  of  the  padls 

wbeeL 

The  aide  beams  t  e,  are  not  straight,  but  hsTe  two  bands,  represented  by  the 
■  -   -  parts  of  the  stadhig,  the  ends  near  the  cylinder  being  therefore  much 


\ 


C. 


than  the  oppoaile  ends,  so  that  they  may  take  up  ai 
-    of  the  II      ■■ 


£  orate  diagram,  which  mav  be  taken 
it  is  eonitnictcd,  though  it  variea 
mmlial  in  iti  relative  positioii  tram  that  of  the  engine  we  now  deaeribo.  The 


-      .     ,  lying  close  to  the  respective  parti  of  the  maclilnery.    Tbey  are 

forked  at  tlie'end  nearest  the  air-pump  u,  so  as  to  admit  (lie  iniertion  of 

pmnp-Tods  ;>,  wliieb  are  connected  at  their  upper  end*  to  tlie  cron-head  q, 

*«1M,  in  the  centre  of  which  is  keyed  the  air-pump  rod  r.    Omnectinc-roda 

attached  at  t,  to  the  side  beams  e,  and  at  their  upper  ends  to  cross-heads, 

I  are  connected  as  at  u  u,  (Fig.  \,)  to  two  rods,  which  work  the  pluneen 

'   two  (eed-pumpa  e,  for  supplying  the  boiler,    j  is  the  apparatus  for  bkiw- 

_  .L 1^  prgyiom  tg  lUrting  the  engine.     It  consists  of  a  cock,  which  opens 

communication  between  the  sleam-chest  and  condensers,  by  turning 

. Tlie  rod  and  lever  x,  are  for  the  purpose  of  regulating  the  quantity 

of  injection  water  which  enters  into  the  condenser,  by  a  pipe  from  the  outside 
of  the  vessel,  and  can  b«  increased  and  tcMened  in  quantity,  by  turning  a  coek 
to  which  the  rod  t  is  attached,  y  is  the  hot-well,  into  which  Che  condensing 
ivaur  i*  diacharged  from  the  air-pump.  The  feed-pump*  are  supplied  with 
-wAter  from  thii  hot-well,  tlirougli  the  medium  of  a  pipe,  the  overplus  being  dis- 
clMTgad  ihrnagh  the  side  of  the  vessel,  by  another  pipe  which  is  not  seen.  In 
*     ■  1     .  .   .         -  ■  led  the  sliding- valve.     For  the  pUTpose  of  esplain- 

..  !_. — J ..  diagram,  which  may  I-  •->— 

constructed,  though 
tngine  we  now  deacril  . 
D  the  following  figure,  bos  two  apertures  b  e,  at  top  and  bottom,  to 
It  ara  boiled  and  cemented  the  upright  pipe  d,  having  near  it*  centre,  or  in 
f  other  convenient  part,  a  broad  face  repreiented  at  e,  in  which  ore  three  ob- 
Ig  holea,  the  upper  one  running  into  the  cylinder  through  b,  and  the  lower 
■  on*  into  the  cylinder  through  e.  The  middle  one  communicate*  with  a  sepa- 
nrte  receat  k,  to  which  is  attached  a  pipe,  which  form*  a  communioation  with 
tlie  condenser.  The  steam  chest/,  is  a  rectangular  box  of  cait  iron,  and  has  a 
^pe  attached  to  it  from  the  boiler;  this  chest  is  covered  over  and  made  steam- 
tight  by  a  lid  ff  screwed  to  it.  On  the  upper  side  of  the  ateam  cheat  it  a  atufflnr- 
boz,  through  which  possca  a  turned  rod  for  working  the  slide-valve  A,  which  ta 
tepTHented  in  section. 

Tilit  valve  has  a  flat  face,  neatly  ground  to  the  surface  *,  nifflcient  to  corn 

I  of  tlie  holes  of  e,  and  twice  the  breadth  of  any  one  of  the  surflwe*  interren- 
betneen  any  of  the  holes  in  e.  The  valve  is  raiaed  into  a  box  fiom  its  open 
lior  part,  being  of  sufficient  dimension*  U>  cover,  in  it*  present  ntuation,  two 
^  paaaaget  e,  and  leave  open  a  third,  the  bottom  one  in  the  present  instance 
IB  open. 
fiteaiii  were  admitted  into  the  tieam  cheat  whilst  the  valve  wa*  in  ita  highaat 
pon,  it  could  only  enter  into  the  cylinder  through  o,  and  consequently  would 
m  the  piston  to  ascend,  whilst  the  air  above  it  would  be  discharged  through  i, 
the  'ipen  part  of  the  valve,  and  so  into  the  condenser.  But  suppose  ih* 
e  Id  be  depressed  so  as  to  cover  the  middle  and  lowest  holes,  then  ine  steam 


n  the  boiler  would  have  free  communication  with  the  upper  aide  of  the  pis- 
ton throng  (,  whieh  it  would  consequently  force  downwarda,  whilit  tha  Bteam 
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drying-house  will  contain  from  five  to  ten  or  twenty  imall  furnaces,  <m  the  top 
of  each  of  which  is  a  flat-1)ottomed  and  shallow  iron  pan  ;  there  is  also  a  long 
low  table,  covered  with  mats,  on  which  the  leaves  are  spread  and  rolled,  after  they 
have  gone  through  the  first  stage  of  the  process,  which  we  may  call  baking. 
When  the  pans  are  heated  to  the  proper  temperature,  a  few  pounds  of  fresh- 
gathered  leaves  are  placed  upon  them ;  the  fresn  and  juicy  leaves  crack  as  they 
touch  the  pan,  and  it  is  the  business  of  the  operator  to  stir  and  shift  thcfli 
about  as  rapidlv  as  possible,  with  his  bare  hands,  until  they  become  too  hot  to 
be  touched  without  pain.  At  this  moment,  he  takes  off  the  leaves  with  a  kind 
of  shovel,  like  a  fan,  and[pours  them  on  the  mats  before  the  rollers,  who,  taking 
them  up  by  small  quantities  at  a  time,  roll  them  Jn  the  palms  of  their  hands, 
in  one  direction  only ;  while  assistants  with  fans  are  employed  to  fan  the  leaves, 
in  order  that  they  may  be  the  quicker  cooled,  and  retain  their  curl  the  loneer. 
To  secure  the  complete  evaporation  of  all  moisture  from  tlie  leaves,  as  well  as 
the  stability  of  their  curl,  the  operation  of  drying  and  rolling  is  repeated  two  or 
three  times,  or  even  oftener,  if  necessary, — the  pans  being,  on  each  sucoesshfe 
occasion,  less  and  less  heated,  and  the  whole  process  performed  with  inereaiiiig 
slowness  and  caution.  The  leaves  are  then  separated  into  their  several  classes, 
and  stored  away  for  domestic  use,  or  for  sale.  It  was,  at  one  time,  supposed 
that  the  CTcen  teas  were  dried  on  copper  pans,  and  that  they  owed  their  fine 
freen  colour  to  that  circumstance,  which  was  also  said  to  render  a  free  use  of 
Uiem  noxious  to  the  human  frame  ;  but  this  idea  is  now  held  to  be  without 
any  foundation,  the  most  accurate  experiments  having  failed  in  detecting  the 
slightest  particle  of  copper  in  the  infusion, 

Af^er  the  tea  has  been  thus  gathered  by  the  cultivator,  and  cured  and  assorted 
by  those  who,  for  want  of  a  better  name,  we  may  call  tea-collators,  it  is  finally 
sold  to  the  "tea-merchants"  of  Canton,  who  complete  the  manufacture  by 
mixing  and  garbling  the  different  qualities,  in  which  women  and  children  are 
chiefly  employed ;  the  tea  then  receives  a  last  dryin?,  is  divided  according  to 
quality,  packed  in  chests,  and  made  up  into  parcels  of  from  one  hundred  to  six 
hundred  chests  each,  which  are  stamped  with  the  name  of  the  district,  grower, 
and  mauufacturer,  and  called  from  a  Chinese  word,  meaning  seal  or  stamp.  Chops. 

In  perusing  the  foregoing  process  of  drying  the  tea,  our  mechaniod  readers 
will  probably  think  with  us,  that  it  might  be  much  better  (or  more  uniformly) 
performed  by  a  machine,  heated  by  steam  at  a  regulated  temperature,  and  that 
mil  nine-tenths  of  the  labour  would  thereby  be  saved.  But  as  such  a  proposi- 
tion to  the  manufacturers  of  the  **  Celestial  Empire  "  would  nrobably  be  regarded 
with  indignation,  and  be  rewarded,  if  it  were  possible,  witn  the  bastinado^  we 
shall  reserve  our  suggestions  for  a  fitter  object  Those  of  our  readers  who  may 
wish  for  more  important  information  respecting  the  progress  of  this  important 
trade,  than  our  limits  enable  us  to  give,  will  fuid  it  in  M*Culloch*s  Dietkmarf 
of  Commerce  ;  to  which  valuable  work  we  are  indebted  for  some  of  the  mate- 
rials of  this  article.  We  have  only  to  observe,  that  in  the  century  between 
1710  and  1810,  the  teas  imported  into  this  country  amounted  to  upwards  of 
750  millions  of  pounds,  of  which  more  than  630  millions  were  sold  for  home 
consumption;  between  1810  and  1828,  the  total  importation  exceeded  427 
millions  of  pounds,  being  on  an  average,  between  23  and  24  millions  a  year; 
and  in  1831,  the  quantity  imported  was  26,043,223  pounds. 

TEAR.  A  veiy  valuable  timber,  which  abounds  m  various  parts  of  the  East 
Indies,  and  is  applied  to  domestic  and  nautical  purposes.  Ships  built  with  teak 
are  far  more  durable  in  the  Indian  seas,  than  those  made  of  English  oak. 

TEAZLE.  Aplant,  the  heads  of  which  are  employed  in  the  dressing  of  woollen 
cloth,  and  for  which  operation  no  substitute  equally  effective  has  hitherto 
been  discovered.  The  teazle  has  been  considered  as  imording  almost  a  tolitaiy 
instance  of  a  natural  production  being  applied  to  mechanical  purposes  in  the  state 
in  which  it  is  produced.  It  appears,  that  many  attempts  have  oeen  made  to  supply 
a  substitute  for  the  teazles,  by  art,  all  of  which  have  been  abandoned  as  defec- 
tive or  injurious.  The  use  of  the  teazle  is  to  draw  oiit  the  ends  of  the  wool  firom 
the  manufactured  cloth,  so  as  to  bring  a  regular  pile  or  nap  upon  the  aiuftet, 
free  from  twistingi  and  luiottings,  and  to  comb  cm  the  coarse  and  looae  paiti 
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are  thus  constructed: — In  the  centre  of  a  distended  spiral  spring  of  many  coils, 
is  a  metallic  bar,  on  which  are  marked  the  divisions  of  the  scale,  according  to 
the  amount  of  force  or  weight  in  pounds,  re<|uisite  to  compress  the  spring  to 
any  point  represented.  To  one  end  of  the  bar  is  rivetted  a  plate,  to  press  upon 
the  springs  which  are  both  in  a  cylindrical  metal  case ;  the  other  end  of  the  bar 
passes  freely  through  a  hole  in  the  bottom  flat  end  of  the  case,  where  it  is  con- 
nected to  a  hook,  on  which  the  article  or  goods  to  be  weighed  are  hung ;  and 
according  to  their  actual  weight  the  bar,  by  compressing  the  spring,  is  externally 
protruded,  showing  by  the  figure  on  the  scale  the  weight  of  substance  suspended. 
A  great  variety  of  machines  for  indicating  weight  and  pressure  by  the  elastic 
resistance  of  springs  have  been  invented,  and  several  have  been  described  in  the 
course  of  this  work,  (see  the  articles  DYNAMOMBTaa,  Cable,  and  others,)  and 
we  shall  here  add  one  more,  which  has  been  brought  into  very  extensive  use  by 
the  diligence  and  skill  of  Mr.  Marriott,  of  Lon£>n.  The  machine  we  allude 
to  is  denominated  Marriott's  Patent  Weighing  Machine.  It  is  an  invention  of 
150  years  standing,  and  the  improvements  made  by  Mr.  Marriott  relate  to 
some  minutiae,  which,  though  of  a  subordinate,  are  not  of  a  useless  character. 
The  annexed  diagram  is  Slustrative  of  the  construction  of  Uie  internal  part 
a  is  the  ring  by  which  the  machine  is  suspended:  to  the  stem  proceeding 
from  the  ring  the  uppermost  side  of  a  strong  elliptical  steel  spring  is  made 
last  by  a  nut  and  screw ;  at  6  is  suspended  tlie  scale,  or  other  receptacle  to 

hold  the  goods  to  be  weighed ;  the 
stem  of  tms  is  secured  to  the  lower- 
most side  of  the  spring,  and  like- 
wise at  its  upper  extremity  to  a 
vertical   rack   c,  which  is  drawn 
downwards  as  the  elasticity  of  the 
spring  is   operated  upon  by  the 
weight ;    the  descent  of  the  radt 
turns  a  small  toothed  pinion  </,  on 
the  axis  of  which  is  fixed  a  hand  «, 
that  points  out  upon  the  graduated 
circle/  the  amount  of  the  force  or 
weight  applied.    The  inner  circle 
a,  snows  the  periphery  of  the  drcu- 
lar  box,  which  encloses  the  parts  de- 
lineated within  it    The  periphery 
of  the  front  plate  and  the  mdex  are 
shown  in  dotted  lines,  as  they  are 
not  supposed  to  be  seen  in  this  view 
of  the  apparatus,    'iliis  machine  is 
extremely  convenient  and  portable, 
it  requires  no  weight,  may  be  hung 
up  any  where,  and  is  sufficiently 
accurate  for  the  generality  of  pur- 
poses, where  inaccuracies  to  the  ex- 
tent of  a  few  small  fractional  parts 
are  of  no  moment 
STILL.  The  name  of  the  principal  vessel  in  wliich  distillation  is  conducted, 
e  a  great  variety  of  them  under  the  heads  Alcohol,  Distillation,  &c. 
STIrPLING.    A  mode  of  engraving  on  copper  by  means  of  dots,  as  contra- 
distinguished from  a  course  of  continued  lines.    The  term  is  likewise  applied 
to  the  mode  adopted  by  some  artists  in  drawing,  of  putting  in  the  tints  and 
■hadowa  of  Uack  lead  or  crayons,  by  means  of  the  end  of  a  piece  of  coiled 
piqier,  charged  with  the  pigment,  with  which  it  is  stippled  or  stamped  on  to 
the  surfiice  of  the  paper.    Good  artists  generally  despise  this  process ;  and  we 
•re  of  opinion  that  none  but  good  artists  should  attempt  to  practise  it,  on  ao- 
connt  m  its  wretched  spiritless  appearance,  if  not  very  ably  performed. 

STOCKS.    A  frame  erected  on  the  shore  of  a  river,  or  of  the  sea,  and  in 
Urn  large  estabUshipenta  in  the  inside  of  docks,  for  the  purpose  of  building 
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gbips.  It  generally  conibts  of  a  number  of  solid  wooden  blocks,  mged 
parallel  to  eacb  other  at  convenient  distances  upon  a  very  firm  foundatioii,  sad 
with  a  gradual  decUTity  towards  the  water. 

STRAND.  One  of  the  twists  or  divisions  of  which  a  rope  is  composed; 
also  the  name  applied  to  any  searbeach,  or  shore,  that  slopes  gradually  down  to 
the  water's  edge 

STRANDED,  in  sea  qfair$,  a  term,  which,  when  applied  to  a  rope,  swniin 
that  one,  at  least,  of  its  strands  is  broken ;   but  when  applied  to  a  shii^  or 
veuel,  it  means  that  she  has  run  on  a  rock  or  shoal,  and  been  either  matiini 
useless,  fir  entirely  dashed  to  pieces.    The  considerable  loss  every  year  ^ 
valuable  lives,  by  shipwreck,  on  the  British  shores,  had  early  attracted  tlw 
notice  of  the  Society  of  Acts,  and  premiums  were  offered  for  the  discoveiy  sf 
effectual  means  of  diminishing  the  frequency  of  these  distressing  calamities,  h 
the  year  1791,  Mr.  J.  Bell,  serjeant  of  artillery,  proposed  the  prcnectioD  cf  a 
eight-inch  shell,  loaded  with  lead,  and  having  a  light  rone  attached  to  it    TIm 
shell  beine  discharged  from  a  small  mortar  on  the  deck  of  a  stranded  shb, 
would  perform  a  range  of  about  200  yards,  carrj'ing  the  rope  with  it,  and  wooid 
bury  itself  in  the  sand  on  the  shore,  so  as  to  form  a  communication  with  the 
land,  by  means  of  which  faipats,  or  rafts,  might  be  hauled  through  the  surf,  sod 
thus  greatly  facilitate  the  probability  of  escape  from  the  wreck.  The  objectioot 
to  this  plan  consisted  in  the  difficul^  of  prevailing  on  the  owners  of  merchant 
ships  to  incur  the  expense,  and  on  the  masters  to  have  the  apparatus  in  con- 
stant readiness  for  use.     Besides  which,  maiw  cases  would  no  doubt  occur,  in 
which,  from  the  pitching  of  the  vessel,  and  from  the  sea  beating  over  her,  it 
would  be  impossible  to  project  the  shot  in  the  right  direction,  or  even  to  dis- 
charge the  mortar  at  alL 

In  1808,  Capt  G.  W.  Manby,  of  Yarmouth,  eff^ected  cotiaiderable  improve- 
ments on  the  original  proposal  of  Mr.  Bell.  These  consisted  in  atationiiic  the 
apparatus  on  the  shore,  instead  of  having  it  on  board  the  ahip,  as,  indseo,  hsd 
previously  been  proposed  by  Mr.  Bell ;  thus  enabling,  in  the  first  plaee^  a  sin^ 
appiu^tus  to  be  used  in  aid  of  eveir  vessel  that  might  be  driven  ashore^  ob  a 
considerable  line  of  coast  Secondly,  enabling  the  persoos  intmated  widi  tk 
apparatus  to  become  familiar  with  it,  and  therefore  prompt  in  its  ^rikatisa 
Thirdly,  increasing  the  probability  of  succeu  by  having  the  power  of  plai^ 
the  mortar  in  the  most  favourable  position,  with  regara  to  the  veaad,  and  cf 
arranging  the  rope,  so  as  to  render  it  much  less  liable  to  entangle,  and  thcidiy 
to  break,  than  if  it  were  thrown  from  the  deck  of  the  stranded  veaseL  The 
great  personal  activity  and  exertions  of  Capt  Manby  in  this  very  intertsdai 
and  meritorious  undertaking,  were  liberally  seconded  by  the  government ;  and 
the  result,  that  on  the  eastern  part  of  Norfolk  alone,  where  Capt  Manl^  ha 
been  .stationed,  no  leu  than  332  pertonM  have  been  rescued  from  4S  ttiuM 
veasels  between  1808  and  1826.  Capt  Manby 's  original  method  of  coiling* 
faking  the  rope  on  the  shore,  was  an  operation  that  required  to  be  vefy  dsxto- 
ously  performed;  was  impracticable  in  some  places  fit>m  the  inequalities  cf  ^ 
grouna ;  was  liable  to  derangement  from  the  wind ;  occupied  much  ywrissi 
time  after  the  arrival  of  the  apparatus,  and  scarcely  admitted  of  being  peiforasi 
at  night  A  great  improvement  was  subsequently  made  by  Capt.  Hank^,  ii 
having  the  ropes  arranged  in  baskets,  which  allows  of  their  being  now  cob- 
veyed  in  a  state  ready  for  immediate  use,  to  any  place  where^ey  muf  It 
wanted.  Under  the  management  of  Capt  Manby,  and  hia  tw^rp^iii^ 
ants,  the  breaking  of  a  rope,  in  consequence  of  its  getting  foul  while 
out,  is  a  very  rare  occurrence.  Other  persons  less  aocuatomed  to  the  1 
and,  perhaps,  less  dexteroua,  have,  however,  firequently  failed ;  and  it 
to  be  generally  aUowed  by  the  associations  on  the  coasts  of  Norfolk  and 
for  relief  in  cases  of  shipwreck,  .that  some  more  certain  mode  of 
coiling  the  rope  would  be  an  important  improvement 

In  1823,  Mr.  Hase,  of  Sazethorp,  in  Norfolk,  being  employed  to 

mortar  for  one  of  Capt  Manby  *s  apparatus  statioQed  near  Cromn, 

a  skeleton  reel,  or  rather  conical  spindle,  as  an  improyement  on  Capt.  Manfty^ 
baskets.    This  reel  was  supported  oy  an  axis,  whii^  allowed  of  ita  beiif  pboi' 
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«t  any  required  angle;  and  the  rope  being  wouiiil  round  it,  wu  espeetcd  to  be 
delirered  more  freely,  and  with  leu  risk  of  breaking,  than  by  the  unial  mode. 
Experiment*  made  at  Cromer  confirmed  the  uiittcipBtions  of  the  inventor,  and 
the  apparatui  liai  now  been  in  lue  for  three  yean,  and,  apparently,  bu  giren 
much  tatiifactian. 

Finally,  Mr.  Thorold  hu  given  to  Mr.  Haie'a  reel  a  •tronger  and  more  com- 
pact fiirm,  hai  both  expedited  and  facilitated  the  coiliilg  of  tlie  rope  evenly  upon 
It,  and  baa  placed  the  mortar  and  reel  upon  wheels,  so  thai  it  may  be  tran>- 
ported  expedltioiuly  to  any  place  where  it  is  wanted.  It  is  obvious,  however, 
that  by  lo  doing,  the  expense  oF  the  whole  apparatiu  ii  greatly  increased  ;  that  it 
it  now  aewedj  capable  of  being  conveyed  h^  hand,  as  Capt.  Manby's,  and  even 
Mr.  HaM"!  it;  and  that,  therefore,  oituations  may  occur,  to  which  it  Would  be 
fiiBenlt,  if  not  imposaible,  tn  bring  it.  The  followmg  figure  preienti  a  aide 
rieration  of  the  cart  (with  the  near  wheel  oEI)  and  reel,  and  the  mortar  elevated 


into  a  pniiion  for  firing.  Tlie  axis  of  the  conical  reel  a  fixed  in  tbe  centre  of 
■  etrong  wooden  cross,  which  is  filmed  and  secured  by  four  bolt*  to  the  ban 
t  b  ;  theie  are  hinged  at  e  tu  the  cart ;  1/  is  a  bar  of  iron  with  holes,  lerviug  at 
■u  elevator ;  it  is  screwed  on  to  (he  frame  b,  and  one  of  the  holes  being  placed 
OD  a  pin  fixed  in  the  cart's  side,  retains  the  reel  at  the  required  angle.  Two 
cluuns  #«  are  fixed  on  at  each  side  of  the  cart,  and  to  the  frameiA,  which 
zctaini  it ;  while  the  reel  is  vertical,  the  elevator  d  catches  the  pin  by  its  last 
hot*'  At  /  there  is  a  movable  ring  and  winch  handle  (not  represented) ;  g  a 
pud*  bar,  turning  on  pivots  in  the  frame  b,  on  which  is  a  sliding  box  A,  to  be 
naed  in  coiling  the  rope.  Within  the  winch  ring  is  a  hook ;  a  bend  of  the  line 
bttng  placed  on  this,  the  reel  is  turned  onc^  ronnd,  and  the  rope  passed  through 
Htu  eye  of  tbe  guide  box  h,  properly  constructed,  and  a  pair  of  nippers  (not 
ahown).  Whan  the  mortar  is  to  ^  fired,  tbe  guide  bar  o  is  thrown  Back  into 
tbe  powtion  represented,  and  tbe  winch.  The  pressure  of  the  guide  bar  being 
Unu  taken  off,  the  elasticity  of  the  cord  causes  it  to  rise  a  little,  and  throw  off 
two  w  three  of  the  miper  coils ;  the  next  coil  is  kept  in  its  place  by  one  of  the 
aam slants  laying  hii  finger  on  it,  and  not  iriihdrawing  it  antil  the  moment  of 
firing.  The  mortar  ii  to  he  placed  a  few  yards  to  leeward  of  the  reel,  with  the 
Ifoe  attached  to  tbe  shot.  A  damp  n  bangs  from  tbe  frame  b,  by  means  of 
vlndi  the  last  eril  of  the  rope  is  to  be  boutid  to  the  rim  of  tbe  cone,  in  order 
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to  secure  it  for  travelling,  the  remainder  of  the  line  being  on  the  (rune  o  •. 
Another  line,  on  a  simifar  frame,  is  stowed  in  the  tail  of  the  cart;  and  in  front 
of  the  axletree  there  is  a  locker  for  the  shot,  the  peculiar  fbnn  of  wluch  ii 
shown  by  the  separate  figure  q.  Tlie  time  required  for  winding  the  line,  md 
firing  the  shot,  is  one  minute  and  a  half.  Numerous  certificate!  on  the  adraa- 
tages  of  Mr.  Thorold's  apparatus,  accompanied  that  s^entleman's  commoniaiboo 
to  the  Society  of  Arts,  who  voted  him  tlie  silver  Vulcan  medal : — a  model  of 
which  invention  is  placed  in  the  Society's  Repoaitoiy. 

SUBERIC  ACID.  An  acid  obtained  firom  cork ;  tuber  being  the  ^ectfic  ntsM 
of  the  cork-tree. 

SUBLIMATION.  An  ooeration,  by  which  volatile  subatancet  are  eoOedcd 
and  obtained.  It  is  nearly  allied  to  distillation,  excepting  that  in  the  latter,  the 
fluid  parts  only  of  bodies  are  raised,  whereas,  in  sublimation,  tlie  solid  aad  the 
dry  are  obtained.  Flowers  of  sulphur  are  obtained  in  thia  way ;  and  the  ssot 
in  our  chimneys  is  a  familiar  and  perfect  illustration  of  subh'mation. 

SUCCINIC  ACID.     An  acid  extracted  from  amber,  by  distillation. 

SUCKER.  A  name  given  by  plumbers  to  the  bucket,  piston,  or  rinng  rdixt 
of  a  pump :  see  Pump. 

SULPHATES.   Definite  compounds  of  sulphuric  acid  with  the  salifiable  bMH. 

SULPHITES.    Definite  compounds  of  sulphurous  acid  witli  their  bases. 

SULPHUR.  A  simple  mflammable  body,  lu  fiising  point  b  7M*  Fair. 
afler  which  it  begins  to  evaporate ;  at  560®,  it  takes  fire  in  the  open  air,  aai 
burns  with  a  pale  blue  flame  :  kept  melted  in  an  open  reaad  at  300*,  it  becooMS 
of  a  red  colour,  thick,  viscid,  and  plastic,  like  wax,  and  is  used  by  seal  c»- 
l^ravers  to  take  off  impressions  firom  their  work.  Its  great  utility  in  the  aiti 
IS  too  well  known  to  need  specifying. 

SULPHURETS.  Combinationa  of  the  alkalic  earths,  and  metaby  widi 
sulphur. 

SULPHURIC  ACID :  see  Acid,  Sulphuric. 

SUMACH.  A  vegetable  substance,  extensively  emnloyed  in  tamdif  al 
dying.  It  consists  of  the  young  shoots  of  a  shnib^  tnat  ptiwa  MtafHyii 
many  parts  of  the  Mediterranean ;  the  riioots,  after  being  dried,  ant  ledneM  Is 
powder  in  a  mill,  which  adapts  it  to  the  immediate  use  of  the  tanner  and  ^nfmi 
It  abounds  in  tannin  and  the  gallic  acid,  strikes  a  deep  and  ridi  black  wiik  At 
salts  of  iron,  and  is  eminently  valuable  in  the  arts  alluded  to,  (wbicii  tee,)  mk 
many  others. 

SWIVEL.  A  kind  of  ring  or  link  of  a  cham,  that  ia  enaUed  to  torn  ronl 
by  jointing  it  to  the  next,  by  means  of  a  pin  or  axis.  The  term  of  swiffl  ii 
applied  to  a  small  cannon,  provided  with  a  similar  kind  of  joint ;  and  to  voy 
numerous  purposes,  nrivel-jomU  are  adapted  and  modified  in  a  variety  ' 
too  unimportant  to  describe. 

SWORD.    A  long-bladed  knife,  fashioned  in  farious  way  a,  but  all 
for  mangling  or  destroying  the  human  snecies. 

S Y RI N  G  E.    A  simple  nydrauhc  machine,  employed  to  draw  in  and 
fluids  violently.    It  consists  merelv  of  a  small  tube,  in  which  is  fitted  a 
or  plunger,  and  having  a  small  hcSe  at  the  bottom  of  tlie  tube,  thioi^h 
tlie  liquid  enters,  when  the  plunger  is  drawn  back,  and  chaigea  the 
'JTien,  by  forcing  the  plunger  forwards,  the  fluid  is  expelled  with  a  ~-'- 
portioned  to  the  velocity  given  to  the  plunger. 


T. 

TABBY.  The  name  of  a  rich  kind  of  silk,  which  haa  nndemie  4i 
operation  of  tahhymg  ;  which  consists  in  passing  between  metallic  rolbi%  •* 
surfaces  of  which  are  variouslv  engraven,  producing  thereby  the  detke  ig 
the  stuff;  by  laying  down  the  fibres  in  one  part,  and  leading  tbem  eiret  Ii  » 
other,  rendering  them  conspicuous  by  the  diflerence  of  light  and  diade 
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TABLES.  In  mtdheouUics,  they  are  the  results  of  calculations,  systematically 
arranged,  for  the  convenience  of  ready  application.  They  also  serve  the  useful 
purposes  of  testing  the  accuracy  of  a  person's  own  calculations.  Numerous 
labfet  are  riven  in  various  parts  of  this  work,  attached  to  the  suhjects  to  which 
tfaej  are  related. 

TACAMAHAC.    A  resin,  having  the  odour  of  musk,  soluble  in  alcohol. 
TACKLE.     A  term  sometimes  applied  to  a  pair  of  pulley-blocks  and  ropes, 
nted  for  raising  or  removing  weights. 
TACKS.     Small  nails.     See  Nails. 

TAFFETY.  A  very  rich,  glossy,  silk  stufi^  plain,  flowered,  gold-striped, 
Ac.  ftc 

TALC.  A  soft  unctuous  mineral,  occurring  in  beds,  in  mica-slate,  and  cluv- 
date.  It  is  found  in  several  parts  of  Scotland,  but  the  best  comes  from  tfie 
ndghbourhood  of  the  Tyrol.  It  is  employed  as  an  ingredient  in  rouge  for  the 
toUette,  along  with  carmine  and  benzoin.  This  cosmetic  communicates  a 
remarkable  degree  of  softness  to  the  skin,  and  is  not  injurious.  The  fleiih 
polish  is  given  to  gypsum  figures,  by  rubbing  them  with  talc. 
TALLOW.  Animal  fat  melted  down  and  clarified.  See  Fat. 
TAMBOUR.  A  species  of  embroidery,  in  which  threads  of  gold  and  silver 
are,  by  needles  of  a  peculiar  form,  worked  in  leave:!  and  flowers,  &c.,  u|>on  a 
ailk  ufiiff,  stretched  over  a  circular  frame,  called  a  tambour. 

TANNIN.  A  peculiar  vegetable  principle,  so  named  because  it  is  the  effective 
agent  in  tanmna^  or  the  conversion  of  xskin  into  leather.     See  Leath  eb. 

TAPESTRY.  A  speciet  of  woven  hangings  of  wool  and  silk,  adorned  with 
•cento  representations  in  imitation  of  painting,  and  empWed  formerly  for 
liiuiig  the  walls  of  elegant  apartments,  cnurches,  &c.  The  French  ascribe  the 
inrention  to  the  Saracens ;  and  hence  the  workmen  employed  in  it  were  called 
Sarasins.  Guicciardini  ascribes  it  to  the  Dutch.  A  manufactory  was  esta- 
Uished  at  Paris,  by  Ilenry  IV.  in  1606  or  1607,  which  was  conducted  by 
jnemish  artists.  It  was  brought  to  England  by  Wm.  Sheldon,  in  the  reign  of 
Henry  VIII.;  and  in  1619  a  manufacture  was  established  at  Mortlake,  in 
farrey,  by  Sir  Francis  Crane,  who  received  2000/.  from  King  James  to 
-•Boourage  the  design.  The  manufactory  of  the  Gobelins  in  France  became  the 
meet  celebrated  for  the  beauty  of  the  colouring,  and  the  elegance  of 
'4mkgn ;  the  first-rate  painters  being  employed  to  furnish  subjects. 

TAPIOCA.  A  gummy  kind  of  starch,  prepared  by  the  Brazilians  from  the 
VMt  of  the  casava  plant.  A  spurious  tapioca  has  been  manufactured  in  this 
caootry,  firom  the  farina  of  the  potato;  the  process  of  preparing  the  latter 
coDHating  simply  in  exposing  the  dry  farina  to  the  action  of  a  moderate  heat 
ia  an  open  pan,  and  continually  stirring  it  up  to  prevent  carbonization ;  the 
vater  of  crystallization  of  the  starch,  causing  a  species  of  fusion  of  the  starch, 
which  conglomerates  into  little  masses,  of  a  semi-transparent  gummy  appearance, 
9  tai  with  an  efflorescent  surface,  much  like  the  foreign  tapioca  in  appearance ; 
Mid  although  it  possesses  similar  properties  as  an  aliment,  it  does  not  form  so 
^  alioog,  nor  so  agreeable  a  "  jelly."  A  patent  was  recently  taken  out  for  the 
p.  ipiocess  juct  described ;  but  unfortunately  for  the  patentee,  it  was  well  known, 
f  aBd  for  nearly  half  a  century  before  the  date  of  his  patent  The  advantage  of 
^  tiba  pfocess  is,  however,  to  us  more  than  doubtful,  whilst  the  foreign  article  can 
^  ka  ootained,  subjected  to  only  a  moderate  import  tax. 

TAR.  A  thick  black  unctuous  substance,  obtained  chiefly  from  old  pines 
and  fir  trees,  by  burning  them  with  a  close  smothering  heat.  It  is  prepared  in 
greal  quaatities  in  Norway,  Sweden,  Russia,  Germany,  North  America,  and  in 
aiher  countries  where  the  pine  and  fir  abound. 

The  mode  practised  in  tne  Scandinavian  peninsula,  is  similar  to  that  described 
\f  Theophrastus  and  Dioscorides,  as  in  use  in  ancient  Greece.  A  conical  cavity 
imade  m  the  earth,  with  a  castriron  pan  at  the  bottom,  to  which  is  connected  a 
i^^fmm  to  carry  oflT  the  liquid.  Billets  of  wood  are  thrown  into  the  cavity,  and  being 
vKn  covered  witli  turf,  are  slowly  burnt  without  flame.  The  tar  which  exudes 
I  ^fainfi  the  combustion,  is  conducted  by  the  before-mentioned  pipe  into  barrels, 
^  Which  are  afterwards  banged  up,  and  are  then  ready  for  ex]K)rlation. 
■      vol.  II.  S  D 
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Becher,  the  celebrated  chemist,  first  proposed  to  make  tar  from  pit-«oaL 
^f  anufactures  for  this  purpose  have  been  established  many  yean  ago,  in  sereral 
parts  of  England.  In  the  year  1781,  the  earl  of  DundonaJd  obtained  a  patent 
for  extracting  tar  fVom  pit-coal,  by  a  new  process  of  distillation  ;  a  kind  of  tv 
is  also  produced  from  the  pit-coal  used  in  the  production  of  gas  for  illuminatioB. 
See  Gas  :  also  Pitch. 

TARPAULIN.  A  piece  of  strong  canvass,  or  sail-cloth,  well  tifiirated 
with  tar,  and  dried ;  employed  extensively  for  covering  goods  in  ships,  baripe% 
waggons,  carts,  Sec. ;  also  for  protecting  stacks  and  ricks  m  agricultural  pvo^ioe 
from  the  effects  of  the  weather,  &c. 

TARRAS,  or  TERRAS.  A  volcanic  earth  used  as  a  cement  It  diSeit 
but  little  from  puzzolana,  but  contains  more  heterogeneous  particlea,  as  ^sr, 
quartz,  shorl,  &c.  It  effervesces  with  acids,  is  magnetic^  and  Aiaifale  Mr «. 
When  pulverised,  it  serves  as  a  cement,  like  puzzolana.  It  Is  obtained  ftmn 
Germany  and  Sweden. 

TARTAR.  A  substance  deposited  on  the  sides  of  wine  casks,  dming  the 
time  that  the  wine  is  in  a  state  of  fermentation.  This  substance  being  smped 
off,  and  in  its  natural  and  un purified  state,  is  called  by  chemists  super-tattrate 
of  potash,  and  popularly,  crude  tartar.  Tartar  is  distinguished,  from  its  coleor, 
into  red  and  white,  according  to  the  colour  of  the  wine  from  which  il  origiDalHL 
All  wines  do  not  afford  the  same  proportion  of  tartar ;  according  toI>r.  NewnsBS, 
tlie  wines  of  Hungary  yield  but  little  tartar,  those  of  France  somewhait  inore^ 
wliile  the  Rhenish  wines  afford  the  purest  tartar  in  large  quantities.  Tbe 
method  adopted  at  Montpelier,  according  to  Dr.  Ure,  for  purifying  this 
substance  from  an  abundance  of  extractive  principle,  is  as  follows.  '*T1ie 
tartar  is  dissolved  in  water,  and  suffered  to  crystallize  by  cooling ;  the  dystsli 
are  then  boiled  in  another  vessel,  with  the  addition  of  five  or  six  povmds  k  the 
white  argillaceous  earth  of  Murviel  to  each  quintal  of  the  salt.  After  Ihh 
boiling  of  the  earth,  a  very  white  salt  is  obtained  by  evaporation,  which  ii 
known  by  the  name  of  cream  of  tartar,  or  the  acidulous  tar&'ate  of  potasl^''ff 
purified  super-tartrate  of  potash. 

Emetic  tartar  is  the  tartrate  of  potash,  and  antimony.  Regemermied  Urtm, 
the  acetate  of  potash.  Salt  of  tartar,  the  subcarbonate  of  potash.  SMk 
tartar,  the  neutral  tartrate  of  potash.     Fitriolated  tartar,  sufpMte  of  potash. 

TARTARIC  ACID.  An  acid  obtained  from  the  above-mentioned  salt  tsrttf 
by  Scheele.  In  a  solution  of  the  super-tartrate  in  boiling  water,  he  satviud 
the  superfluous  acid  by  the  addition  of  chalk,  as  long  as  eflierveacenee  ensud ; 
and  expelled  the  acid  from  the  precipitated  tartrate  of  lime,  by  means  «f  tlw 
sulphunc.  Or  four  parts  of  tartar  may  be  boiled  in  20  or  24  ottits  of  wslfr, 
ana  one  part  of  sulphuric  acid  added  ffradually.  By  continuinr  toe  befling^  tk 
sulphate  of  potash  will  fall  down.  When  the  liquor  is  reduced  one-bal(  it  ii  It 
be  filtered ;  and  if  any  more  sulphate  be  deposited  by  eontinninr  the  bofliif, 
the  filtering  must  be  repeated.  When  no  more  is  thrown  down,  the  Kqooriito 
be  evaporated  to  the  consistence  of  a  syrup ;  and  thus  cirstab  of  tartttk  adi 
equal  to  half  the  weight  of  the  tartar  employed,  will  be  obtained. — Urw. 

TARTRATE.     A  neutral  compound  of  the  Urtaric  acid,  with  a  bMt. 

TAWING.     The  art  of  preparing  white  leather.     See  Lsatbbr. 

TEA.  The  dried  leaves  of  the  tea-plant,  which  is  a  native  of  Japan,  CkhUi 
and  Tonquin.  The  history  of  commerce  does  not  perhaps  present  a  parallsl  ti 
the  circumstances  which  have  attended  the  introduction  of  tea  into  ihii 
country.  The  leaves  were  first  imported  into  Europe  by  the  Dutch  East  ImKs 
Company,  in  the  early  part  of  the  seventeenth  century ;  but  it  was  not  aid 
the  year  1666  that  a  small  quantity  was  brought  over  from  Hdland;  and  p^ 
from  a  period  earlier  than  the  memory  of  but  tew  of  the  present  generatioa  csa 
reach,  tea  has  been  regarded  as  one  of  the  principal  necessaries  of  Hfe  aoMag 
all  classes  of  the  community.  To  provide  a  tumcient  supply  of  this  aliiaest. 
many  thousands  of  tons  of  tfie  finest  mercantile  navy  in  the  worid  aw  eaipimyt^ 
in  trading  with  a  people  by  whom  all  dealings  with  foreigners  mn  mofif 
tolerated ;  and  from  this  recently-acquired  taste,  an  immense  and  fiailjf  uJlnlis 
revenue  is  obtained  by  the  state. 
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The  tea-plant  ii  an  ever^een,  somowhat  resembline  the  myrtle  in  appearance 
bears  a  fragrant  yellow  flower,  and  grows  to  a  height  varying  between  three 
and  six  feet.  It  is  capable  of  enduring  great  variations  of  climate,  being 
coltiTated  alike  in  the  neighbourhood  of  Canton,  where  the  heat  is  at  times 
almost  insupportable  to  the  natives,  and  around  the  walls  of  Pekiu,  where  the 
winter  is,  not  unfrequently,  as  severe  as  in  the  north  of  Europe.  The  best 
torts,  however,  are  the  production  of  a  more  temperate  climate;  the  finest  teas 
are  said  to  be  grown  in  the  province  of  Nanking,  occupying  nearly  the  middle 
station  between  the  two  extremes  mentioned  above ;  and  the  greatest  portion  of 
what  is  brought  to  the  Canton  market,  and  sold  to  the  European  merchants,  b 
the  produce  of  the  hilly,  but  populous  and  industrious,  province  of  Fokien, 
situated  on  the  sea-coast,  to  the  north-east  of  Canton.  It  appears  to  thrive 
faNMt  in  vallevs,  or  on  the  sloping  banks  of  hills,  exposed  to  the  southern  sun, 
and  especially  on  the  banks  of  rivers  or  rivulets. 

The  tea-plant  is  propagated  from  seed,  and  the  holes  are  drilled  in  the  ground 
at  equal  distances,  and  in  regular  rows ;  into  each  hole  the  planter  throws  as 
qoaoy  as  six,  or  even  a  dozen  seeds, — ^not  above  a  fif^h  part  of  the  seed  planted 
being  expected  to  grow.  While  coming  to  maturity,  thev  are  carefully  watered; 
and  though,  when  once  out  of  the  ground,  ihey  would  continue  to  vegetate 
withiNit  further  care,  the  more  industrious  cultivators  annually  manure  the 
ground,  and  dear  the  crop  from  weeds. 

The  leaves  of  the  tea-plant  are  not  fit  for  gathering  until  the  third  year;  at 
which  period  they  are  in  their  prime,  and  most  plentiful.  When  about  seven 
vears  old,  the  shrub  has  generally  grown  to  about  the  height  of  a  man,  and  its 
leaves  become  few  and  coarse ;  it  is  then  generally  cut  down  to  the  stem,  which, 
in  the  succeeding  summer,  produces  an  exuberant  crop  of  fresh  shoots  and 
leaves;  this  operation,  however,  is  sometimes  deferred  till  the  plant  is  ten 
.years  old. 

The  process  of  fathering  the  tea  is  one  of  great  nicety  and  importance. 
Each  leaf  is  plucked  separately  from  the  stalk ;  the  hands  of  the  gatherer  are 
kept  carefully  clean,  ana,  in  collecting  some  of  the  fine  sorts,  he  hardly  ventures 
to  oreathe  on  the  plant.  Notwithstanding  the  tediousness  of  such  an  operation, 
a  labourer  can  freouently  collect  from  four  to  ten,  or  even  fifteen  pounds  a  day. 
Three  or  four  of  tnese  gatherings  take  place  during  the  season :  viz.  towards 
the  end  of  February,  or  the  beginning  of  March ;  in  April  or  May ;  towards 
the  middle  of  June ;  and  in  August  From  the  first  gathering,  which  consists 
of  the  verv  young  and  tender  leaves  only,  the  most  valuable  teas  are  manufac- 
tured ;  vix.  the  green  tea  called  gunpowder,  and  the  black  tea  called  Pekoe. 
The  produce  of  Siis  first  gathering  b  also  denominated  in  China,  Imperial  tea, 
probablv  because,  where  the  shrub  b  not  cultivated  with  a,view  to  supplying  the 
demaooi  of  the  Canton  market,  it  is  reserved,  either  in  obedience  to  the  law, 
or  on  account  of  its  superior  flavour,  for  tlie  consumption  of  the  emperor  and  hb 
court  From  the  second  and  third  crops  are  manufactured  the  green  teas, 
called  in  our  shops  Hyson  and  Imperial;  and  the  black  teas  denominated 
Souchong  and  Congou.  The  light  and  inferior  leaves  separated  from  the 
Hyson  by  winnowing,  form  a  tea  called  Hyson-skin,  much  in  demand  by  the 
Americans,  who  are  also  the  largest  general  purchasers  of  ^reen  teas.  On  the 
other  hand,  some  of  the  choicest  and  tenderest  leaves  of  the  second  gathering 
Hre  freouently  mixed  with  those  of  the  first  From  the  fourth  crop  is  manu- 
Ikctureo  the  coarsest  species  of  black  tea  called  Bohea ;  and  thb  crop  b  mixed 
with  an  inferior  tea,  grown  in  a  district  called  Woping,  near  Canton ;  together 
with  such  tea  as  remained  unsold  in  the  market,  of  the  last  season. 

Owing  to  the  minute  division  of  land  in  China,  there  can  be  few,  if  any, 
large  tea-growers ;  the  plantations  are  small,  and  the  business  of  them  carried 
on  oy  the  owner  and  his  own  family,  who  carry  the  produce  of  each  picking 
immediately  to  market,  where  it  is  disposed  of  to  a  class  of  persons  whose 
business  it  b  to  collect  and  drv  the  leaves,  ready  for  the  Canton  tea-merchants. 

The  process  of  drving,  which  should  commence  as  soon  as  possible  after  the 
leaves  have  been  gathered,  difiers  according  to  the  quality  of^  the  tea.  Some 
are  only  exposed  under  a  shed  to  the  sun  s  rays,  and  frequently  turned.    A 
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drying-house  will  contain  from  fire  to  ten  or  twenfy  small  fumacn,  oa  tke  top 
of  each  of  which  is  a  flat-bottomed  and  shallow  iron  pan  ;   there  is  also  a  kag 
low  table,  covered  with  mats,  on  which  the  leaves  are  spread  and  rolled,  after  thij 
have  gone  through  the  first  stage  of  the  process,  which  we  may  call  bakiBf. 
When  the  pans  are  heated  to  the  proper  temperature,  a  few  pounds  of  fioC- 
gathered  leaves  are  placed  upon  them ;  the  fresh  and  juicy  Imycs  crack  as  tlicy 
touch  the  pan,  and  it  is  the  business  of  the  operator  to  stir  and  shift  that 
about  as  rapidly  as  possible,  with  his  bare  hands,  until  they  become  too  hot  Is 
be  touched  without  pain.     At  this  moment,  he  takes  off  the  leaTes  with  a  kiad 
of  shovel,  like  a  fan,  and^pours  them  on  the  mats  before  the  roUera,  wbo^  taking 
them  up  by  small  qnantities  at  a  time,  roll  them  m  the  palms  of  their  haadi^ 
in  one  direction  only ;  while  assistants  with  fans  are  employed  tofim  theleawi) 
in  order  that  they  may  be  the  quicker  cooled,  and  retain  their  curl  the  lowr* 
To  secure  the  complete  evaporation  of  all  moisture  firom  the  leaves^  as  weu  si 
the  stability  of  their  curl,  the  operation  of  drying  and  rolling  is  repeated  two  or 
three  times,  or  even  oftener,  if  necessary, — the  pans  being,  on  each  luiriiwiw 
occasion,  less  and  less  heated,  and  the  whole  process  performed  with  increaBig 
slowness  and  caution.     The  leaves  are  then  separated  into  their  aereral  rlswii. 
and  stored  away  for  domestic  use,  or  for  sale.     It  was,  at  one  time^  supposed 
that  the  ereen  teas  were  dried  on  copper  pans,  and  that  they  owed  their  fiae 

S'een  colour  to  that  circumstance,  which  was  also  said  to  render  a  free  bis  if 
em  noxious  to  the  human  fhime  ;  but  this  idea  is  now  held  to  ba  witkoot 
any  foundation,  the  most  accurate  experiments  having  failed  in  detecting  tfe 
slightest  particle  of  copper  in  the  infusion. 

Afler  the  tea  has  been  thus  gathered  by  the  cultivator,  and  cured  andasiocted 
by  those  who,  for  want  of  a  better  name,  we  may  call  tea-col^ctors,  it  is  finaUy 
sold  to  the  '*  tea-merchants "  of  Canton,  who  complete  the  mann£utnn  bf 
mixing  and  garbling  the  different  qualities,  in  which  women  and  children  sie 
chiefly  employed ;  the  tea  then  receives  a  last  dry  in?,  is  divided  according  to 
quality,  packed  in  chests,  and  made  up  into  parcels  ol  from  one  hundred  U>  at 
hundred  chests  each,  which  are  stamped  with  the  name  of  the  district,  grover, 
and  mauufacturer,  and  called  from  a  Chinese  word,  meaning  seal  or  stampf  Caon» 

In  perusing  the  foregoing  process  of  drying  the  tea,  our  mechanical  reados 
will  probably  think  with  us,  tnat  it  might  be  much  better  (or  more  unifrndj) 
performed  by  a  machine,  heated  by  steam  at  a  regulated  temperature,  and  thit 
full  nine-tenths  of  the  labour  would  thereby  be  saved.  But  as  such  a  pnpod* 
tion  to  the  manufacturers  of  the  "  Celestial  Empire  "  would  probably  be 
with  indignation,  and  be  rewarded,  if  it  were  possible,  witli  the  bastii 
shall  reserve  our  suggestions  for  a  fitter  object  Those  of  our  readers  whoBigr 
wish  for  more  important  information  respecting  the  progress  of  this  inportfll 
trade,  than  our  umiti  enable  us  to  give,  wiU  mid  it  in  M'Culloch't  DieHmm^ 
cf  Commerce  ;  to  which  valuable  work  we  are  indebted  for  some  of  the  mate- 
rials of  this  article.  We  have  only  to  observe,  that  in  the  century  betwesa 
1710  and  1810,  the  teas  imported  into  this  country  amounted  to  upwards  of 
750  millions  of  pounds,  of  which  more  than  bSO  millions  were  sold  for  kooc 
consumption;  between  1810  and  1828,  the  total  importation  exceeded  427 
millions  of  pounds,  being  on  an  average,  between  23  and  24  miUioiia  a  year; 
and  in  1831,  the  quantity  imported  was  26,043,223  pounds. 

T£  AK.  A  very  valuable  timber,  which  abounds  in  various  parts  of  the  Esrt 
Indies,  and  is  applied  to  domestic  and  nautical  purposes.  Shins  buih  with  teak 
are  far  more  durable  in  the  Indian  seas,  than  those  made  of  luiglish  oak. 

TE  A  ZLE.  A  plant,  the  heads  of  which  are^employed  in  the  dressing  of  wooDfi 
cloth,  and  for  which  operation  no  substitute  equally  effective  has  bithoti 
been  discovered.  The  teazle  has  been  considered  as  afibrding  almost  a  •ofitany 
instance  of  a  natural  production  being  applied  to  mechanical  purposes  in  thestsli 
in  which  it  ii  produced.  It  appears,  that  many  attempts  have  been  made  losmly 
a  substitute  for  the  teazles,  W  art,  all  of  which  have  been  abandoned  as  dswc 
tive  or  injuriotu.  The  use  of  the  teazle  is  to  draw  out  the  ends  <^  the  wool  inm 
the  manufactured  cloth,  so  as  to  bring  a  regular  pile  or  nap  upon  the  iofrcs^ 
free  from  twiitings  and  Imottings,  and  to  comb  off  the  coarae  and  loasi  p«ti 
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of  the  wool.  The  head  of  the  trae  teazle  ii  composed  of  incorporated  flowen, 
each  leparated  by  a  long  ridgy  chafiy  substance,  the  terminating  point  of  which 
is  furnished  with  a  fine  hook.  Many  of  these  heads  are  fixed  m  a  frame ;  and 
with  these  the  surface  of  the  cloth  n  teazed  or  brushed,  until  all  the  ends  are  drawn 
oatf  the  loose  parts  combed  off,  and  the  cloth  yields  no  impediment  to  the  free 
passage  of  che  wheel  or  fVame  of  teazles.  Should  the  hook  of  the  chaff,  when 
ui  use,  become  fixed  in  a  knot,  or  find  sufficient  resistance,  it  breaks,  without 
injuring  orcontending  with  the  cloth ;  and  care  is  taken,  by  successive  applications, 
to  draw  the  impediment  out ;  but  all  mechanical  inventions  hitherto  made  use 
ai,  offer  resistance  to  the  knot ;  and,  instead  of  yielding  and  breaking,  as  the 
teazle  does,  resist  and  tear  it  out,  making  a  hole,  or  injuring  the  surface.  The 
dressing  of  a  piece  of  cloth  consumes  from  1500  to  2000  heads,  when  the 
work  is  completely  finished :  they  are  used  repeatedly  jn  different  stages  of  the 
process. 

TELEGRAPH.  The  name  given  to  a  machine,  by  which  intelligence  may 
he  transmitted,  with  extraordinary  rapidity,  to  great  distances.  There  is  reason 
to  bdieve,  that  the  principle  of  the  modem  invention  of  communicating  inform- 
mtion  by  means  of  signals,  is  of  great  antiquity.  The  modems  have,  however, 
the  merit  of  applying  the  principle,  so  as  to  render  it  a  scientific,  and  almost 
perfect  machine.  Polybius  described  a  very  complete  arrangement  of  signals 
bv  means  of  torches.  The  Marquess  of  Worcester,  in  his  Century  of  Inven- 
Uom,  boasts  of  being  able  to  do  wonders  in  this  way,  as  he  was  wont  to  do  in 
others.  Dr.  Hook,  whose  genius  as  a  mechanical  inventor  was  perhaps  never 
surpassed,  delivered  a  **  Discourse  to  the  Royal  Society ^  onthe2lst  of  May ^  1684, 
Mkoiriny  a  way  how  to  communicate  one's  nund  at  distances'*  of  30,  40,  100,  and 
120  miles,  &c.  *<  in  as  short  a  time  almost  as  a  man  can  write  what  he  would 
have  sent."  In  this  discourse,  which  was  published  in  Derham's  Collections 
iff  his  Experiments  and  Observations,  the  Doctor  takes  to  his  aid  the  then 
recent  invention  of  the  telescope,  and  explains  all  the  details  of  the  method  by 
which  characters  exposed  at  one  station,  may  be  rendered  plain  and  distinguish- 
able at  the  others. 

About  sixteen  years  afterwards,  Amontons  proposed  the  constmction  of  tele- 
graphs in  France ;  which  much  resembled  Dr.  Hook's.  The  method  was  as 
follows: — 

Let  there  be  people  placed  in  several  stations,  at  a  certain  distance  from  one 
another,  that,  by  the  help  of  a  telescope,  a  man  in  one  station  may  see  a  signal 
made  in  the  next  before  him :  he  must  immediately  make  the  same  signal,  that 
it  may  be  seen  by  persons  in  the  station  next  afler  him,  who  are  to  communi- 
cate It  to  those  in  the  following  station,  &c.    These  signals  may  be  as  letters 
of  the  alphabet,  or  as  a  cypher,  understood  only  by  the  two  persons  who  are  in 
the  distant  places,  and  not  b^  those  who  make  the  signals.    The  person  in  the 
second  station  making  the  signal  to  the  person  in  the  third,  the  very  moment 
he  sees  it  in  the  first,  the  news  may  be  carried  to  the  greatest  distance  in  as 
little  time  as  is  necessary  to  make  the  signals  in  the  first  station.    The  distance 
of  the  several  stations,  which  must  be  as  few  as  possible,  is  measured  by  the 
roach  of  a  telescope.     Amontons  tried  thb  method  in  a  small  tract  of  land, 
before  several  persons  of  the  highest  rank,  at  the  court  of  France.     It  was  not, 
however,  till  the  French  revolution,  that  the  telegraph  was  applied  generally  to 
useful  purposes.     Whether  M.  Chappe,  who  is  said  to  have  invented  the  tele- 
gn4>h  first  used  by  the  French,  about  the  end  of  1793,  knew  anv  thing  of 
Amonton's  invention  or  not,  it  is  impossible  to  say ;  but  his  telegrapn  was  con- 
structed on  principles  nearly  similar.     The  manner  of  using  his  telegraph  was 
as  follows : — At  the  first  station,  which  was  on  the  roof  of  the  palace  of  the 
Louvre,  at  Paris,  M.  Chappe,  the  inventor,  received  in  writing,  from  the  Com- 
mittee of  Public  Welfare,  the  words  to  be  sent  to  Lisle,  near  which  the  French 
army  at  that  time  was.     An  upright  post  was  erected  on  the  Louvre,  at  the  top 
of  which  were  two  transverse  arms,  movable  in  all  directions  by  a  single  piece 
of  mechanism,  and  with  inconceivable  rapidity.     He  invented  a  number  of 
positions  foi  these  arms,  which  stood  as  signs  for  the  letters  of  the  alphabet ; 
and  these,  for  the  greater  celerity  and  simplicity,  he  reduced  as  much  as  possible. 
The  grammarian  will  easily  conceive  that  sixteen  signs  may  amyly  su\ii^l^  a.Vl 
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the  letten  of  the  alphabet,  since  tome  lettert  maj  he  emitted^  not  only  without 
detriment,  but  vrith  advantage.  These  figns,  at  they  were  arbitnuy,  could  it 
changed  every  week ;  so  that  the  sign  of  B,  for  one  day,  might  be  the  mga  of 
M,  the  next ;  and  it  was  only  necessary  that  the  persons  ut  the  extremitia 
should  know  the  key.  The  intermediate  operators  were  only  instructed  geat- 
rally  in  these  sixteen  signals ;  which  were  so  distinct,  so  niArked,  ao  diflmm; 
the  one  from  the  other,  that  they  were  easily  remembered.  The  constrncfki 
of  the  machine  was  such,  that  each  signal  was  uniformly  given  in  precisely  4* 
same  manner  at  all  times ;  it  did  not  depend  on  the  operator  s  manual  skS; 
and  the  position  of  the  arm  could  never,  K>r  anyone  signal,  be  admee  hig^ 
or  a  degree  lower, — its  movement  being  regulated  mechanically.  IL  Chippe, 
having  received  at  the  Louvre  the  sentence  to  be  conveyed,  gmTe  a  kaova 
signal  to  the  second  station,  which  was  Mont  Martre,  to  prepare.  At  cadi 
station  there  was  a  watch-tower,  where  telescopes  were  fixed,  and  the  pcnoa 
on  watch  gave  the  signal  of  preparation  which  he  had  received ;  and  thu  eom- 
municated  successively  through  all  the  line,  which  brought  them  all  into  a  slits 
of  readiness.  The  person  at  Mont  Martre  then  received,  letter  by  letter,  the 
sentence  from  the  Louvre,  which  he  repeated  with  his  own  machine ;  and  tUi 
was  again  repeated  from  the  next  height,  with  inconceivable  rapidity,  to  tW 
final  station  at  Lisle.  The  first  description  of  the  telegr^h  was  broqgfat  tnm 
Paris  to  Frankfort-on-lhe- Maine,  bv  a  former  member  of  the  Parliament  of 
Bourdeaux,  who  had  seen  that  whicn  was  erected  on  the  mountain  of  Bdvilk. 
As  given  by  Dr.  Hutton,  it  is  as  follows: — 


a  a  is  a  beam  or  mast  of  wood,  placed  upright  on  a  rising  ground,  which  is 
about  fifteen  or  sixteen  feet  high,  b  b  u  n.  beam  or  balance,  moving  opoo  tbr 
centre  a  a.  This  balance-beam  may  be  placed  vertically,  or  liorixootaliy,  or 
anyhow  inclined,  by  means  of  strong  cords,  which  are  nxed  to  the  wheel  ^ 
on  the  edge  of  which  is  a  double  groove,  to  receive  the  two  cords.  This  balaao» 
is  about  eleven  or  twelve  feet  lon^,  and  nine  inches  broad,  liaving  at  the  radi 
two  pieces  of  wood  e  c,  which  likewise  turn  upon  angles,  by  means  of  kat 
other  cords  that  pass  through  the  axis  of  the  main  balance-— otherwise,  tb 
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balance  woiild  derange  the  cords ;  the  pieces  C  are  each  about  three  feet  long, 
and  may  be  placed  either  to  the  riglit  or  lefl,  straight  or  square,  with  the 
balance-beam.  By  means  of  these  three,  the  combination  of  movement  is  very 
extensive,  remarkably  simple,  and  easy  to  perform.  Below  is  a  small  wooden 
but,  in  which  a  person  is  employed  to  observe  the  movements  of  the  machine. 
On  the  eminence  nearest  to  this,  another  person  is  to  repeat  these  tnovements, 
and  a  third  to  write  them  down.  The  time  taken  up  for  each  movement  it 
twenty  seconds,  of  which,  the  motion  alone  is  four  seconds ;  the  other  sikteen 
the  machine  is  stationary.  Two  working  models  of  this  instrument  were  exe- 
cuted at  Frankfort,  and  sent  by  Mr.  W.  Playfair,  to  the  Duke  of  York ;  and 
hence,  the  plan  and  alphabet  of  the  machine  came  to  England. 

VaHous  experiments  were  in  consequence  tried  upon  telegraphs  in  this 
country ;  and  one  was  soon  after  set  up  by  government,  in  a  chain  of  statiotii 
from  the  Admiralty-office  to  the  sea  coast. 

This  telegraph  consisted  of  six  octagonal  boards,  each  of  which  was  poised 
upon  a  horizontal  axis  in  a  frame  that  surrounded  it,  in  such  a  manner  that 
each  octagonal  board  might  be  placed  either  with  its  flat  side  towards  the  spec^ 
tator,  or  edgeways,  when  the  board  became  invisible  owing  to  the  distance.  An 
officer's  cabm  was  placed  underneath,  provided  with  a  telescope  pointed  to  the 
next  station.  By  a  simple  mode  of  working,  these  six  boards  made  36  changes^ 
which  are  adequate  for  all  occasions.  Experience  has  shown  that  this  plan  of 
telegraph,  which  was  deemed  at  the  time  of  its  introduction  to  be  an  improve^ 
ment  upon  the  design  of  M.  Ch&ppe,  previously  described,  was,  in  reality,  in-^ 
ferior  to  it  in  simplicity  and  clearness ;  consequently  the  latter  has  been  since 
adopted  by  the  British  government,  under  such  improved  modifications  M 
great  practical  conversancy  in  the  subject  must  necessarily  produce. 

There  is  probably  no  subject  which  has  exercised  more  of  the  ingenuity  of 
scientific  men  than  that  of  telegraphic  communication  ;  and  we  are  convinced 
that  a  description  of  the  various  schemes  for  that  object,  would  alonefill  a  volume 
like  the  present  We  shall  therefore  confine  our  notice  to  a  very  few  of  them  ; 
and,  in  preference,  to  such  as  are  upon  a  totally  different  principle  firom  each 
other. 

Telegraphic  communication,  (the  ingenious  Mr.  Vallance  observes,)  has 
hitherto  been  a  mean  of  intercourse  tliat  was  serviceable  only  during  those 
portions  of  the  enlightened  half  of  the  twenty-four  hours,  when  clear  weather 
admitted  of  uninterrupted  vision  for  a  distance  of  about  ten  miles.  It  has  been 
frequently  proposed  to  remedy  this  disadvantage,  (so  far  as  related  to  the  absence 
of  light,  that  is,)  by  nocturnal  telegraphs  i  for  the  lamps  of  which,  gas  seemed 
so  aumirably  adapted.  But  as  this  would  do  nothine^  towards  lessening  tlie  in- 
terruption which  wet  and  foggy  weather  occasion,  it  has  not  been  thouglit  worth 
while  to  incur  the  expense  of  it ;  and  as  it  has  also  been  supposed  impossible 
tliat  these  interruptions  could  be  obviated,  we  have  sat  down  under  the  impres- 
sion, that  communications,  rapid  as  are  those  of  the  telegraph  under  favourable 
circumstances,  must  remain  dependent,  to  a  degree  that  would  ever  prevent  the 
principle  from  being  rendered  available  to  the  purposes  of  commercial  and  do^ 
mestic  communication.  But  this  impression  is  erroneous, — there  being  a  well 
known  principle,  by  the  aid  of  which  information  may  be  communicated  equally 
well  during  darkness  and  the  most  foggy  weather,  as  in  daylight  and  clear  wea 
ther.  The  putting  of  this  principle  into  execution,  will  of  course  be  incompar- 
ably more  expensive  than  fayins  down  a  line  of  telegraphs ;  but  as  the  revenue 
it  may  be  made  to  bring  in  will,  (to  use  M.  Dupin*s  observation  relative  to  our 
domestic  policy,)  render  this  expenditure  but  an  additional  instance  of  that  "  eco- 
nomy, well  understood,  which  knows  how  to  make  sacrifices  bordering  almost  on 
prodigality,  in  order  to  reap  afterwards,  with  usury,  (he  fruits  of  its  advances," 
the  amount  of  it  in  no  wise  diminishes  the  attention  the  principle  deserves. 

"  It  has  long  been  known,"  adds  Mr.  Vallance,  *'  that  an  incompressibliB 
liquid,  confined  in  a  pipe,  might  be  caused  to  move  through  the  whole  length 
oi  that  pipe,  by  operatmg  on  it  at  either  end,  whether  the  pipe  was  one  mile  or 
one  hundred  miles  long.  (It  was  proved  by  Bossuet,  for  a  distance  of  three 
miles,  about  half  a  century  ago.)  But  although  this  has  long  been  known, 
and  flJthough  it  offers  a  mean  of  symbolic  intercourse  which  would  alike  be  inde- 
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pendent  both  of  darkness  and  cloudy  days,  yet  It  has  been  unthoiieht  of  as  a 
principle  of  inBtantaneous  tranamission.  The  mode  proposed  by  Mr  VaJUncc^ 
of  carr}'ing  the  principle  into  practice,  may  be  thus  briefly  explained. 

A  pipe  of  small  calibre  is  to  be  laid  from  one  to  the  other  of  the  places,  be- 
tween which,  (as  hitherto  termed,)  telegraphic  communication  is  to  oe  effected. 
This  pipe,  (effectually  secured  against  leakages,)  is  to  be  kept  constantly  filled 
with  water,  by  apparatus  which  both  empties  it  of  air  and  euards  against  (or  rather 
counteracts)  contraction  and  expansion.     Each  end  of  Uus  pipe  is  connected  ta 
apparatus,  which  will  cause  any  movement  of  the  water  inside  it,  to  act  on  and 
move  a  hand.    This  hand  may  point  out  and  indicate  letters,  or  numbers,  or 
words,  painted  on  a  dial  plate ;  though  it  will  be  better  to  cause  it  to  indicate 
them  wnen  placed  in  a  hne.    In  connexion  with  telegraphic  apparatus,  is  al- 
ways understood  a  vocabulary,  connecting  the  svmbols  with  certain  meanings. 
The  principle  of  this  method  will  admit  of  either  letters,  numbers,  wards^  or  sen- 
tences, being  used.  Having  thus  explained  the  principle  of  Mr.  Vallanoe^s  plan, 
we  must  refer  the  reader  for  the  details  of  it  to  a  pamphlet  by  the  author, 
published  by  Wightman,  London,  1825,  entitled,  Description  of  a  Method  tf 
Telegraphic  Catnmtmication.    A  variety  of  suggestions  for  the  employment  of 
the  electric  fluid  acting  upon  wires  extended  iVom  the  places  iu  communication^ 
have  been  made  from  time  to  time.     In  one  of  these  tne  intelligence  is  commu- 
nicated by  means  of  soutid,  produced  by  the  collision  of  bodies  m  opposite  states 
of  electricity ;  these  bodies  consist  of  a  series  of  small  balls,  suspended  at  the 
extremities  of  metallic  conductors  by  slender  chains,  and  a  series  of  numbered 
bells  hung  within  their  space  of  action.     The  author  of  this  plan,  who  is  an 
anonymous  contributor  to  a  scientific  journal,  illustrates  his  proposed  scheme 
by  the  following  example : — 

"  Let  a  metallic  wire,  coated  with  a  non-conducting  substance,  be  extended 
under  ground  between  any  two  given  places,  which,  for  the  sake  of  experiment, 
may  be  two  separate  apartments  in  the  same  house ;  one  of  which  may  be  de- 
nominated A,  and  the  other  B.     In  the  apartment  A  place  an  electrical  machine^ 
and  to  the  extremity  of  the  wire  in  B  a  little  ball,  suspended  by  means  of  a  very 
slender  chain,  within  whose  sphere  of  action  there  is  a  common  bell.     Now, 
by  connecting  the  wire  in  A  with  the  conductor  of  the  machine,  the  electric 
fluid  will  pass  instantaneously  along  it,  and  charge  tlie  ball  in  B,   throueh  the 
medium  of  its  litde  chain,  woich  flies  ofi*  immediately  to  the  uninsulated  befl^ 
to  discharge  its  surplus  of  electric  matter,  and  recover  its  equilibrium.     The 
force  by  which  it  is  attracted  or  impelled  towards  the  helV  is  quite  sufficient  to 
produce  the  sound  required ;  it  is  an  experiment  wliich  I  have  often  made,  and 
with  invariable  success.     Let  this  belt  be  numbered  1,  and  have  a  series  of  them 
up  to  10,  with  separate  and  distinct  metallic  conductors,  it  is  evident  to  a  de- 
monstration tliat,  by  a  combination  and  the  successive  excitement  of  these  sim- 
ple numbers,  the  wnole  of  those  at  present  made  use  of  in  our  most  improved 
telegraph  and  signal  books,  together  with  their  corresponding  meanings,  may 
be  conveyed  from  the  apartment  A  to  B  with  the  greatest  accuracy,  and  with 
the  speed  of  thought. 

**  Thus,  by  this  simple  and  inexpensive  means,  (by  two  electrical  machines, 
and  a  double  series  ol  wires  with  their  appendages,)  say  between  Portsmouth 
or  Plymouth  and  London,  newsof  tlie  greatest  political  importance  may  be  con- 
veyed in  a  few  minutes,  by  a  gentleman  connected  with  the  apparatus  at  eithi  r 
of  these  places;  he  has  only  to  excite  the  wires  which  correspond  to  each  in- 
dividual number  of  the  telegraph  made  to  him  by  the  common  flag  signals, 
which  will,  in  almost  the  same  instant  of  time,  afiect  their  corresponding  in 
London,  and  give  the  necessary  intelligence  in  a  series  of  numbers,  whose  sym- 
bols will  be  found  by  referring  to  the  signal  books  now  in  use. 

Dometfic  telegraphs  (which  are  now  very  common)  are  designed  to  prevent 
ihe  trouble  of  caUing  for  certain  articles  in  a  dwelling-house,  and  to  dispense 
with  one-half  of  Uie  journeys  of  the  servants  in  answering  bells.  They  are  made 
in  a  variety  of  ways,  but  usually  consist  of  two  circular  indexes  or  dials,  eaually 
divided  into  a  given  number  of  parts,  and  marked  on  these  divisions,  witn  the 
names  of  such  things  or  necessanes  as  are  generally  wanted  in  a  house,  such  as 
dinner,  tea,  supper,  coals,  lights,  carriage,  horse,  &c.    These  indexes  exactly 
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eorrwpond,  and  are  prorided  with  hands,  the  axes  of  which  pasa  through 
pulleys  of  equal  diameter ;  a  wire  or  chain  extends  from  the  puuey  of  one  of 
them,  fixed  in  the  sitting  room,  to  another  fixed  in  the  kitchen^  or  servants'  hall. 
The  pulley  of  the  latter  contains  a  spring,  and  that  of  the  former  a  ratchet 
wheel  and  catch,  so  that  if  the  hand  of  the  sitting  room  index  he  turned,  it 
abo  turns  that  of  the  servants'  room  an  equal  portion  of  a  revolution,  and 
thereby  points  to  the  same  word.  The  pull  is  lifted  off*  the  ratchet  after  it  is 
used,  by  touching  a  pin,  when  the  spring  in  the  other  pulley  draws  the  chain  or 
wire  round  it,  and  so  returns  both  the  hands  to  their  original  place  at  o.  The 
attention  of  the  servant  is  called  by  the  ringing  of  a  hell. 

TELESCOPE.  An  optical  instrument,  employed  for  discovering  and  view- 
ing distant  objects ;  or  which  magnifies  their  natural  appearance,  by  represent- 
ing them  under  a  laiger  angle  than  that  under  which  they  appear  to  the  naked 
eye.  Telescopes  are  divided  into  two  general  kinds,  refracting  and  reflecting, 
A  refracting  telescope  consists  of  difierent  lenses,  through  which  the  objects  are 
seen  by  rays,  r^raeted  by  them  to  the  eye.  A  reflecting  telescope,  besides  lenses, 
has  a  metallic  speculum  within  its  tube,  by  which  the  rays  proceeding  from  an 
object  are  reflected  to  the  eye. 

The  principal  efiect  of  telescopes  depends  upon  this  rule,  that  objects  appear 
large  or  small,  in  proportion  to  the  angle  which  they  subtend  to  the  eye ;  and 
the  efiect  is  the  same,  whether  the  pencils  of  rays,  by  which  the  objects  are 
rendered  visible  to  us,  come  directly  from  the  objects  themselves,  or  from  any 
point  nearer  to  the  eye,  where  they  may  have  been  united,  so  as  to  form  an 
unage  of  the  object ;  because  they  issue  again  in  certain  directions  from  those 
points,  where  there  is  nothing  to  intercept  them,  in  the  same  manner  as  they 
did  from  the  corresponding  points,  in  the  objects  themselves.  In  fact,  there- 
fore, an  that  is  effected  by  a  telescope,  is,  first,  to  make  an  image  of  a  distant 
object,  by  means  of  a  lens  or  mirror,  and  then  to  give  the  eye  some  assistance 
for  viewing  that  image  as  near  as  possible ;  so  that  the  angle  which  it  shall 
snbtend  to  the  eye,  may  be  very  large,  compared  with  the  angle  which  the 
object  itself  would  subtend  in  the  same  situation  to  the  naked  eye.  This  is 
WNSted  by  means  of  an  eve-glass,  which  so  refracts  the  pencils  of  rays,  that 
they  may  afterwards  be  brought  to  Uieir  several  /oct,  by  the  humours  of 
tlia  eye. 

The  forms  of  refracting  and  reflecting  telescopes  have  been  frequently  varied, 
and  they  are  sometimes  distinguished  by  the  names  of  their  inventors,  as  the 
GaUieaM,  and  the  Newtonian  telescope ;  sometimes  by  the  particular  use  for 
which  they  are  best  adapted,  as  the  **  land  telescope,"  tlie  **  night  telescope," 
the  **  astronomical  telescope,"  &c. 

The  astronomical  telescope  consists  of  two  convex  lenses,  A  B,  K  M,  each 
1  at  the  extremity  of  a  different  tube.  One  of  the  tubes  is  very  short,  as  its 
b  merely  to  adjust  the  focus  in  proportion  to  the  distance  of  the  object 
red,  and  it  slides  within  the  other.  Contrary  to  the  arrangement  which 
takes  place  in  the  microscope,  the  glass  which  has  the  longest  focus,  is  presented 
to  the  object,  and  therefore  constitutes  the  object-glass.  F  R,  respresents  a  very 
diatant  object,  from  every  point  of  which  rays  come,  so  very  little  diverging  to 
the  object-lens  K  M  of  the  telescope,  as  to  be  nearly  parallel :  jp  r,  is  the  picture 
of  the  object  P  R,  which  would  be  formed  upon  a  screen  situated  at  that  place. 
Beyond  that  place,  the  rays  of  every  single  radiant  point  proceed  divergently  to 
the  eye-glass  A  B,  of  greater  convexity,  and  which  causes  the  rays  of  each  pencil 


to  become  parallel,  in  which  direction  they  enter  the  eye  at  O.    Tlie  axes  of  the 
two  lenses  are  coincident  in  the  direction  Q  L  O ;  L  9,  is  the  focal  distance  of 
the  object-glass,  and  £  ^,  is  the  focal  distance  of  the  eye  glass ;  consequently, 
•  yoL.  II.  5  x 


776  TELESCOPE. 

the  distance  between  the  two  glasses  b  equal  to  the  lum  of  thehr  focal  distance!. 
An  object  viewed  through  this  telescope,  by  an  eye  situated  at  O,  will  appear 
magniiied  and  distinct,  but  inverted.  The  object  seen  without  the  telescope, 
will  be,  to  its  appearance,  through  the  telescope,  as  9  E  to  ^  L  ;  that  is,  as  the 
focal  distance  of  the  eve-glass,  to  the  focal  distance  of  the  object-elass.  For  the 
pencils  of  rays,  which,  after  their  crossing  at  r  q  p,  proceed  divergently,  fall 
upon  the  lens  A  B,  in  the  same  manner  as  if  a  real  object  were  situated  at 
rqp;  and  consequently,  after  passing  through  that  lens,  the  rays  of  eadi 
pencil  proceed  parallel.  To  the  eye  at  O,  the  apparent  magnitude  of  the  object 
r  R,  is  measured  by  the  angle  BOA,  or  by  its  equal  p  £ ;  but,  to  the  naked 
eye  at  L,  when  the  glass  is  removed,  the  apparent  magnitude  of  the  object  is 
measured  by  the  angle  P  L  U,  or  by  its  equal  r  Lp;  therefore,  the  apparent 
magnitude  to  the  naked  eye,  is  to  the  apparent  magnitude  through  the  telescope, 
as  the  angle  r  L  p,  is  to  the  angle  pEr;  or,  as  the  distance  7  E,  it  to  the 
distance  q  L. 

If  the  angles  rLp,  and  c  E  r,  were  equal  to  each  other,  the  telescope  would 
not  magnify,  and  they  would  be  equal,  if  the  lenses  were  of  equal  focal  distance. 
Hence,  as  the  magnifying  power  of  the  telescope  is  produced  by  nuiking  the 
focal  distance  of  the  eye-glass  less  than  that  of  the  object-glass,  it  will  easuv  be 
perceived,  that  the  greater  the  difference  of  the  focal  lengths,  the  greater  will  be 
the  magnifying  power.  It  is  found,  however,  that  they  may  be  so  dispropor- 
tionate, that  the  increased  magnifying  power  is  overbalanced  by  the  indistinct- 
ness which  ensues.  In  order,  therefore,  to  obtain  a  great  magnifying  power 
with  the  preservation  of  just  proportion,  these  telescopes  have  sometimes  been 
made  one  hundred  feet,  or  upwards,  in  length ;  and,  as  they  were  mostly  used 
for  astronomical  purposes,  they  were  frequently  used  without  a  tube.  The  object 
lens  was  fixed  on  the  top  of  a  pole,  in  a  frame  capable  of  being  moved  by  a 
cord  or  wire,  in  any  required  direction,  and  the  eye-glass,  fixed  in  a  short  tube, 
was  held  in  the  hand,  or  fitted  to  another  frame,  about  the  height  of  the  observer, 
so  as  to  be  capable  of  a  simultaneous  movement.  A  telescope  of  this  descrip- 
tion was  called  an  atrial  telescope.  Its  use  was  evidently  very  incommodious ; 
but,  such  were  the  great  pains  taken  by  philosophers,  in  exploring  the  wonders 
which  even  the  imperfect  telescopes,  at  first  constructed,  promised  to  lay  open, 
that  with  such  an  instrument,  the  five  satellites  of  Saturn,  and  many  other 
remarkable  objects,  were  discovered. 

The  length  of  common  refracting  telescopes  must  be  increased  in  the  propor- 
tion of  the  square  of  the  increase  of  their  magnifying  power ;  so  that,  in  order 
to  magnify  twice  as  much  as  before,  with  the  same  degree  of  light  and  distinct- 
ness, the  telescope  must  be  lengthened  four  times ;  and  to  magnify  three  times 
as  much,  nine  times.  On  this  account,  their  unwieldy  leneth,  when  great 
powers  are  desired,  is  unavoidable.  The  breadth  of  an  object-glass  adds  notDing 
to  the  magnifying  power ;  for,  whatever  the  latter  may  be,  the  image  will  be 
equally  formea  at  the  distance  of  its  focal  length ;  but  the  brilliancy  of  the  image 
will  be  increased  by  the  breadth,  as  a  greater  number  of  rays  will  then  diverge 
from  every  point  of  the  image. 

The  magnifying  power,  and  the  field  of  view,  of  this  telescope  may  be  in- 
creased by  using  two  plano-convex  lenses,  combined  so  as  to  act  like  one  glass; 


and  such  a  combination  is  now  generally  employed.     If  two  plano-convexlenias 
be  used,  the  curvature  of  both  conjointly,  will  be  less  than  the  curvaturt  of  a  ^ 
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ainglB  leni  of  equal  magnifving  power ;  the  combination  therefore  improves 
the  eye-glass  of  a  telescope,  because  the  aberration  of  the  rays  passing  through 
iCy  wul  be  less  than  through  a  single  lens  of  the  same  focuii.  Suppose  I  K  to 
be  a  plano-convex  lens,  of  which  the  focus  is  at  F,  so  that  an  object  placed  at  F 
would  be  seen  magnified  through  it.  If  another  lens  L  M,  be  placed  between 
the  first  lens  and  its  focus,  the  focus  of  the  rays  passing  through  both  will  be 
shortened,  and  will  fall  at  about  the  distance/,  so  that,  when  thus  combined, 
they  will  act  like  a  single  lens  of  much  greater  curvature.  The  telescope 
called  a  nig/Ur^laUf  is  simply  a  common  astronomical  telescope  with  tubes,  and 
made  of  a  short  length,  with  a  small  magnifying  power.  It  generally  magni- 
fies firom  6  to  10  times.  It  is  used  by  navigators  at  night,  for  the  purpose  of 
discovering  objects  that  are  not  very  distinct,  such  as  vessels,  coasts,  rocks,  &c. 
From  the  smsllness  of  its  magnifvin?  power  it  admits  of  large  glasses  being 
used,  and  consequently  has  a  well-enlightened  field  of  view. 

The  astronomical  telescope,  bv  the  use  of  two  additional  eye-glasses,  shows 
objects  in  their  right  position,  and  becomes  a  terrestrial  or  land  telescope ;  and 
ia  sometimes  called  a.  perspective  glass.  This  telescope  is  shown  by  the  follow- 
ing cut    The  rays  of  each  pencil  coming  from  the  image  L  M,  of  the  object 


I  K,  emerge  parallel  from  the  lens  A  B,  and  having  crossed  at  its  focus  O,  they 
continue  in  that  direction  to  the  lens  £  F ;  in  consequence  of  which  they  form 
an  image  S  T,  at  the  focus  of  the  second  lens ;  and  again  diverging,  they  fall 
upon  the  third  lens  C  D,  in  the  same  manner  as  they  did  upon  the  the  lens  A  B ; 
therelbre  after  then:  emergence  from  this  last  lens,  they  fall  parallel  upon  the 
eye  at  6.  But  as  the  last  image  S  T,  is  not  inverted  as  at  L  M,  but  in  the  same 
position  as  the  object  I  R,  the  eye  sees  a  true  or  upright  picture,  as  if  the  rays 
bad  come  directly  from  the  object  The  last  lens,  or  the  one  nearest  the  eye, 
is  now  generally  made  of  two  plano-convex  lenses,  instead  of  a  double  convex 
one.  By  this  means,  all  the  best  terrestrial  telescopes  contain  four  lenses  in  the 
tube  next  the  eye. 

The  telescope  of  the  celebrated  Galileo  consists  of  a  conve]^  objectrglass,  and 
a  concave  eye-glass,  as  represented  by  the  following  cut  The  distance  be- 
tween the  two  lenses  is  less  than  the  focal  distance  of  the  object-glass ;  but  the 
concave  glass  is  situated  so  as  to  make  the  rays  of  each  pencil  fall  parallel  upon 
the  eye,  as  is  evident  by  conceiving  the  rays  to  go  back  again  through  the 
eye-glass  towards  O :  £  O  being  the  focal  length  of  the  eye-glass.  The  field 
of  view  of  the  Galilean  telescope  does  not  depend,  as  in  those  with  convex 
glasses,  upon  the  size  of  the  eye-glass,  but  upon  the  breadth  of  the  pupil  of  the 
•ye ;  because  the  lateral  pencils  of  rays  diverge  from  the  axis  of  the  eye-glass 
at  their  emergence  from  it  On  this  account,  the  eye  should  be  placed  as  near 
to  the  eye-glass  as  possible,  in  order  that  it  may  receive  the  greatest  number  of 


pencils.     No  nearness  of  the  eye,  however,  will  wholly  prevent  the  field  of  view 
from  being  more  confined  than  with  convex  eye-glasses  of  equal  curvature ;  but 
this  disadvantage  is  counterbalanced  by  the  valuable  property  of  superior  dis- 
tinctness. 
The  telescopes  which  we  have  hitherto  described  will  only  bear  a  small  aper- 
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tiire,  widiout  exhibiting  circular  prismatic  rinp  of  colour^  which  are  detrimental 
to  their  utUity.  Two  causes  coDtribute  to  this  efiect  1.  Spherical  surfiices  do 
not  refract  the  rays  of  light  accurately  to  a  point ;  and  2.  The  rays  of  compounded 
light  beinp  differently  refrangible,  come  to  their  respective  force  at  different 
distances  from  the  lens  ;  the  more  refrangible  rays  converging  sooner,  of  course, 
than  the  less  refrangible.  If  the  image  of  a  paper  painted  entirely  red,  be  cast, 
by  means  of  a  lens,  upon  a  screen,  it  will  be  formed  at  a  greater  distance  than 
the  image  of  a  blue  paper  cast  by  the  same  lens.  The  image  of  a  white  object 
is  composed  of  an  indefinite  number  of  coloured  images,  the  violet  being  the 
nearest,  and  the  red  the  farthest  from  the  lens;  and  the  images  of  intermediate 
colours  at  intermediate  distances.  The  whole  image  is  therefore  in  some  degree 
confused,  though  its  extremities  are  most  so ;  and  this  confusion  being  increased^ 
not  only  by  the  magnifying  power  of  the  eye-glass,  but  also  by  the  dispersive 
power  which  it  has  in  common  with  the  object-glass,  the  necessity  for  a  certain 
proportion  between  the  powers  of  the  object  and  the  eye-glass  becomes  indis- 
pensable 

The  late  Mr.  John  Dolland,  by  making  a  compound  lens  of  three  different 
substances,  of  different  refrangible  powers,  the  rays  of  light  which  were  too  macb 
dispersed  by  one  convex  lens,  were  brought  nearer  to  a  union  with  each* 
The  telescopes  made  with  an  object-glass  of  this  kind  are  now  commonly  used, 
and  are  distinguished  by  the  name  aS  achromatic  telescopes,  a  term  which  signifies 
colourlest.  The  object-glasses  of  Dolland's  telescopes  are  composed  of  three  dis- 
tinct lenses,  two  of  which  are  convex,  and  the  otner  concave.  The  achromatic 
effect  may  be  produced  by  the  union  of  one  convex  and  one  concave  lens,  but 
not  so  perfectly  as  with  three  lenses. 

The  impossibility,  however,  of  obtaining  perfectly  homogeneous  glass,  and  the 
consequent  failure  of  producing  that  complete  correction  of  the  aberration  of  the 
rays  of  light  in  the  telescopes  called  achromatic,  induced  Dr.  Blair  to  try  the 
effects  of  Jluid  mediums ;  and  his  success  was  such  as  to  induce  him  to  give 
the  term  aplanafiCf  or  free  from  error,  to  the  object  lenses  he  thus  constructed. 
He  made  a  compound  lens,  consisting  of  a  plano-convex  of  crown  glass,  with 
its  fiat  side  towards  the  object,  and  a  miniscus  of  the  same  material,  with  its 
convex  side  in  the  same  direction,  and  its  flatter  concave  next  the  eve;  and  the 
interval  between  the  lenses  he  filled  with  a  solution  of  antimony  m  a  certain 
proportion  of  muriatic  acid.  The  lens  thus  constructed  did  not  exhibit  the 
slightpst  vestige  of  any  extraneous  colour;  but  the  invention,  after  a  lapse  of 
more  than  twenty  years,  has  not  come  into  general  use,  probably  from  the  diffi- 
culty of  preserving  any  fluid  from  growing  turbid  in  the  course  of  time. 

Of  reflecting  telescopes,  the  Gregorian  is  the  one  most  generally  used.  The 
construction  of  this  instrument  is  represented  below. 


At  the  bottom  of  the  tube  A  B  C  D,  is  placed  the  large  concave  reflector  ih 
with  a  circular  hole  through  the  middle  of  it,  in  the  direction  of  its  axis. 
Within  the  tube  of  the  telescope,  and  directly  facing  the  perforatien,  is  placed 
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iSbm  mall  concave  ipccalani  jf  h,  tupported  by  the  arm  L  Two  leniet,  i  i  and  q  q, 
aro  contained  in  the  eye-tube  L  M  N  0»  and  the  obeenrer  appliei  his  eye  to  a 
•mall  hole  at/,  in  order  to  view  the  magnified  image  of  tlie  distant  obiect  Y  Z. 
The  lai^se  reflector  k  I  receives  the  rays  from  the  distant  object,  and  reflects 
them  to  Its  focus,  where  they  form  an  inverted  image  £  F.  Diverging  from  the 
points  of  union,  the  pencils  of  rays  proceed  onwards,  and  cross  each  other  a 
little  before  they  reacn  the  small  mirror  gh:  the  focus  of  which  is  at  n,  or  a 
little  further  from  the  large  speculum,  than  its  principal  focus.  From  the  small 
mirror,  the  rays  are  reflected  somewhat  convergently,  and  in  that  state  are 
received  before  they  meet  a  plain  convex  lens  t  L  By  the  action  of  this  lens, 
their  convergency  is  increased,  and  they  form  a  second  image,  a  b,  which  is 
erect  like  the  object  This  second  image  is  magnified  by  the  lens  q  q,  through 
which  the  rays  of  each  pencil  pass  ueany  in  a  parallel  direction  to  the  eye.  To 
exclude  all  extraneous  light,  the  eye  is  applied  to  a  small  hole,  and  sees  the 
image  under  the  angle  e/d.  If  the  lens  1 1  were  removed,  the  image  would  be 
formed  somewhat  larger  at  r,  but  the  area,  or  field  of  view,  would  be  smaller 
and  less  pleasant,  for  which  reason  it  is  not  usual  to  omit  the  second  lens.  In 
this,  and  other  reflecting  telescopes,  containing  two  curved  reflectors,  it  is 
necessary  to  have  the  power  of  altering  the  distance  between  the  two  mirrors. 
This  is  usually  done  by  a  wire,  e  «,  passing  along  the  outside  of  the  tube  and 
with  a  screw  at  the  end  of  it,  which  works  in  an  external  projection  w,  of  the 
arm  t,  within  the  tube.  The  other  end  of  the  wire  passes  through  a  small  stud 
aflixed  to  the  tube  of  the  telescope  at  m;  and  tne  observer,  while  looking 
through  the  hole  at /,  turns  the  milled  head  p,  of  the  wire,  which  is  near  him, 
and  thus  regulates  the  distance  of  the  small  speculum,  as  he  finds  requisite. 
A  section  of  the  Newtonian  Reflecting  Telescope  is  shown  below. 


I 


A  B  C  D,  is  the  tube,  which  is  open  at  the  end  A  B,  opposite  the  large 
speculum  n  o.  The  large  concave  speculum  n  o,  is  not  perforated  as  in  the 
Gregorian  telescope,  but  the  small  speculum  ^,  is  set  aslant,  so  as  to  direct  the 
rays  received  from  the  large  speculum,  through  an  aperture  ^,  at  the  side  of  the 
tube,  where  they  are  received  and  refracted  to  the  eye  by  a  lens  or  lenses  in  a 
tube  A.  The  speculum  q,  is  suspended  within  the  tube,  by  an  arm  p,  with  its 
centre  opposite  the  centre  of  the  speculum  no;  it  is  not  curved,  but  plane,  and 
has  therefore  no  other  effect  than  that  of  changing  the  direction  of  the  rays. 
Without  the  smidl  reflector,  the  rays  from  the  large  speculum  would  be 
converged  at  R,  and  the  observer  might  have  an  eve-glass  placed  to  view  the 
image  formed  there,  with  his  face  towards  the  speculum  no;  but  in  this  case  his 
head  would  intercept  the  greater  part  of  the  rays,  unless  the  instrument  were 
very  large.  The  Newtonian  telescope,  as  first  described,  is  very  convenient  for 
viewing  objects  in  the  zenith ;  as  they  may  be  seen  while  the  observer  retains 
his  ordinary  position  of  looking  forward  horizontally. 

The  best  and  most  powerful  reflecting  telescopes,  however,  which  have  ever 
been  constructed,  are  those  of  Dr.  Herschel,  who  is  so  well  known  by  his 
labours,  as  one  of  the  most  eminent  astronomers  of  the  present  day.  The 
largest  reflecting  telescope  made  by  Dr  Herschel,  is  forty  feet  in  length,  and 
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the  polished  surface  of  the  large  speculum  is  four  feet  in  diameter.  It  has  no 
second  reflector ;  a  circumstance  that  adds  much  to  the  brightness  of  the  objedi 
viewed  in  it  The  observer,  who  looks  through  an  e3'e-glass,  as  in  other 
telescopes,  has,  of  course,  his  back  to  the  object;  but  it  ia  so  contrived  thit 
little  or  no  light  is  intercepted  by  this  means.  We  may  use  the  foregoing 
diagram  of  the  Newtonian  telescope,  on  nage  773,  to  illustrate  the  podtion  (^dte 
observer,  by  this  telescope,  more  particularly.  Supposing  the  speculum  f,  and 
its  support  to  be  removed,  the  rays  n  o,  as  before  observed,  would  be  converged 
at  R ;  but  if  the  observer  were  placed  there,  he  would  intercept  a  large  portioo 
of  the  light,  even  when  facing  this  gigantic  telescope.  Supposing  Uie  upper 
part  ft,  of  the  speculum,  to  be  inclined  downwards,  that  ia,  to  be  set  at  an 
angle  to  the  axis  of  the  tube,  the  rays  may  be  directed  to  S,  or  any  other  poiot 
nearer  the  tube,  where  the  spectator  may  be  placed,  and  will  occasion  no  sensibk 
dimness  of  the  image  thrown  by  the  large  mirror.  In  Dr.  Herschers  hm 
telescope,  the  converging  rays  reflected  by  the  mirror  pasa  the  extremity  of  tne 
tube,  at  the  distance  of  four  inches  from  it,  and  come  into  the  air;  by  this 
means  the  observer  scarcely  at  all  interferes  with  the  incident  light,  as  tbe 
diameter  of  the  tube  exceeds  that  of  the  mirror,  by  about  ten  inches.  Tbe 
mirror  has  a  magnifying  power  of  six  thousand  times  the  diameter  of  an  object. 

TELLURIUM.  A  metal  discovered  by  Klaproth  in  1798,  in  an  ore  of  gold 
from  Transylvania.  It  has  a  silver-white  colour,  and  posseases  much  brilliaieT. 
Its  texture  is  laminated  like  antimony,  and  has  a  specific  gravity  of  6.115.  it 
is  very  brittle,  may  be  easily  reduced  to  powder,  and  melts  at  a  temperature  alittie 
higher  than  lead  does.  If  the  heat  be  increased  a  little  above  the  fusing  potst, 
it  boils  and  evaporates,  and  attaches  itself  in  brilliant  drops  on  the  upper  part 
of  the  retort  in  which  the  experiment  is  made  ;  it  is,  therefore,  next  iomettm, 
and  arsenic,  the  most  volatile  of  the  metals.  It  combines  with  oxygen  ooljin 
one  proportion,  forming  therewith  a  compound  possessing  acid  properties. 

TEMPERATURE.     Implies  that  degree  of  sensible  heat,  which  a  bod j 

Possesses  when  compared  with  other  bodies.  To  accurately  measure  sod 
etermine  such  degrees  of  heat,  so  as  to  be  readily  comprehended,  thermometen 
have  been  constructed  ;  in  which  some  universally  understood  degree  of  hest, 
as  that  of  boiling  water,  is  made  the  basis  of  the  calculation  for  all  oilier 
temperatures. 

TEMPERING.  The  art  of  altering  the  existing  degree  of  elasticity  in 
metals.     See  Iron. 

TENACITY.  A  term  derived  from  the  Latin,  implying  the  propeity  oi 
holding  fast,  firmness,  &c. ;  some  authors  restrict  its  application  to  that  force  by 
which  metals  resist  their  being  pulled,  or  torn  asunder ;  as  the  action  of  a  weifbt 
suspended  to  the  end  of  a  wire ;  and  make  a  distinction  between  it,  and  ue 
term  cohesion,  which  of  course  implies  that  force  by  which  the  parts  of  bodies 
cohere.  The  real  distinction,  if  any,  is  however  so  refined,  that  we  may 
without  much  impropriety  treat  them  here  as  the  same  force. 

The  tenacity  or  couesiou  of  solids  is  measured  by  the  force  renuire^  to  pofl 
them  asunder ;  and  authors  on  the  subject  in  general  agree,  tnat  it  may  be 
calculated  from  (he  transverse  strength  of  the  bar  or  rod,  aa  near,  or  penispi 
nearer  to  the  real  cohesion,  than  can  be  obtained  by  pulling  the  body  aaonder ; 
but  we  find  that  this  assertion,  however  correct  it  may  apppear  from  abstract 
reasoning,  is  at  variance  with  the  most  prominent  fiicta  derived  fitmi  actnil 
experiment,  and  given  by  the  same  authors.  By  the  experiments  of  Emenoo, 
it  is  stated  that  a  wire  of  iron,  one-tenth  of  an  inch  in  diameter,  requires  a  force 
of  450lbs.  to  pull  it  asunder ;  and  according  to  Rumford,  that  an  uich  cjhadcr 
or  rod  of  iron,  required  a  null  of  63,320lbs.  to  break  it.  Now  the  area,* 
transverse  section  of  the  incn  rod  is  785  ;  in  other  worda,  it  contains  78  wirei 
of  one-tenth  of  an  inch  in  diameter  ;  therefore  th^  aggregate  stieogtb 
of  the  78  wires,  ought  according  to  the  doctrine  laid  down,  to  be  e«Dil 
to  63,3201b8. ;  but  78  X  450,  make  only  35.100;  and  thus  it  appears  VM 
calculation  by  the  transverse  strength,  taking  the  wire  for  our  datum,  givei  a 
but  little  more  than  half  the  real  tenacity  of  the  inch  rod ;  and  if  we  were  10 
take  the  inch  rod  for  our  datum  of  calculation,  we  find  (78  t-  03.320  =  81  l£r; 
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liat  Mch  wire  ihould  lustain  a  force  of  8 11  lbs.  Indeed,  rather  more  than  this,  for 
ire  are  further  told,  (and  we  do  notdispute  its  general  accnracy,)  that  "the  cohesive 
force  of  metals  is  much  increased  by  wire>arawing,  roUing,  and  hammering." 
Such  Ulutiraiiom  of  the  correctness  of  a  theory,  we  have  thought  it  necessary  to 
lotice,  as  it  might  prove  of  very  serious  consequence,  were  an  engineer  (for 
Qstance)  to  construct  a  wire  bridge,  founded  upon  calculations  of  the  given 
Tansverse  strength  of  a  rod  of  iron.  His  only  security,  it  appears  to  us,  would 
>e  to  prove,  himself,  the  actual  tenacity  of  the  identical  material  he  employs, 
ind  not  place  much  dependance  upon  the  experiments  of  others ;  for,  however 
udiciously  the  latter  may  have  been  conducted,  or  faithfully  detailed,  there  is 
inch  a  wide  difference  in  the  results  of  experiments  made  upon  the  same 
lominal  material,  that  it  is  only  by  a  great  number  of  experiments  that  any 
laeful  approximation  to  the  truth  can  be  obtained.  Mr.  John  Rennie,  who  has 
nost  lauoably  and  ably  exerted  himself  in  this  field  of  inquiry,  found  many 
iuch  discordant  results  as  those  we  have  detected.  In  a  paper  furnished  to  the 
ioyal  Society,  that  engineer  states,  that  it  had  been  deduced  from  the  experi- 
nents  made  by  Reynolds,  that  the  power  required  to  crush  a  cubic  quarter  of 
in  inch  of  cast  iron  was  448,(K)01b8.  avoirdupois,  or  200  tons ;  whereas,  by  the 
iverage  of  thirteen  experiments  made  by  Mr.  Rennie,  in  cubes  of  the  same 
ise,  the  amount  never  exceeded  10,392Ibs.3=not  5  tons  I 

The  desire  of  obtaining  some  approximation,  which  could  only  be  accom- 
>ltahed  by  repeated  trials  on  the  substances  themselves,  induced  Mr.  Rennie  to 
indertake  the  following  experiments. 

The  apparatus  used  for  this  purpose  was  a  powerful  lever  of  the  second  class  ; 
t  consisted  of  a  flat  bar  of  the  best  English  iron,  about  ten  feet  long,  one  of  the 
ixtremities  being  formed  into  a  rule-ioint,  by  which  it  was  attached  to  a  stout 
ind  short  standard  of  wrought  iron,  that  was  bolted  to.  a  massive  bed-plate  of 
;ast  iron ;  the  hole  in  the  centre  of  the  joint,  and  the  pin  which  formed  the 
tilcrum,  were  accurately  turned,  so  as  to  move  slowly  and  freely.  1'he  lever 
ras  accurately  divided  on  its  lower  edge,  which  was  made  straight  in  a  line 
rith  the  fulcrum.  A  point  or  division  was  selected,  at  five  inches  from  the 
ulcrum,  at  which  place  was  let  in  a  piece  of  hardened  steel.  The  lever  was 
lalanced  by  a  weight,  and  in  this  state  it  was  ready  for  operation.  But,  in 
»rder  to  keep  it  as  level  as  possible,  a  hole  was  drilled  through  a  projection  on 
be  bed-plate,  large  enough  to  admit  a  stout  bolt  easily  through  it,  which  again 
rai  prevented  from  turning  in  the  hole  by  means  of  a  tongue  fitting  into  a 
orresponding  groove  in  the  hole,  so  that,  in  order  to  preserve  the  level,  it  was 
nly  necessary  to  move  the  nut,  to  elevate  or  depress  the  bolt,  according  to  the 
ize  of  the  specimen.  But  as  an  inequality  of  pressure  would  still  arise,  from 
be  nature  of  the  apparatus,  the  body  to  be  examined  was  placed  between  two 
ieces  of  steel,  the  pressure  being  communicated  through  the  medium  of  two 
ieces  of  thick  leather,  above  and  below  the  steel  pieces,  by  which  means  a 
lore  equal  contact  of  surfaces  was  obtained.  The  scale  was  hung  on  a  loop  of 
ron,  touching  the  lever  in  an  edge  only.  At  first  a  rope  was  used  for  the 
lalance  weight,  which  indicated  a  friction  of  four  pounds,  but  a  chain 
iminished  the  friction  one  half.     Every  movable  centre  was  well  oiled. 

In  Mr.  Rc^nie's  experiments  on  the  cohesive  strength  of  cast  iron,  to  resist 
ompression,  there  were  four  kinds  of  iron  used;  vk,  1.  Iron  taken  from  the 
entre  of  a  large  block,  whose  crystals  were  similar  in  appearance  and  mag- 
itude  to  those  evinced  in  the  fracture  of  what  is  usually  termed  gun-metal. 
.  Iron  taken  from  a  small  casting,  close-erained,  and  of  a  dull  grey  colour. 
.  Iron  cast  horizontally,  hi  bars  of  three-eighths  of  aninch  square,  eight  inches 
nkg,  4.  Iron  cast  vertically,  same  size  as  last.  These  castings  were  reduced 
qiially  on  every  side,  to  one  quarter  of  an  inch  square ;  thus,  removing  the 
ard  external  coat,  usually  surrounding  metal  castings.  They  were  all  subjected 
>  a  gauge  ;  the  bars  were  then  presumed  to  be  tolerably  uniform.  The  weights 
iod  were  of  the  best  kind  that  could  be  procured,  and,  as  the  experiment 
dvanced,  smaller  weights  were  used. 

As  we  have  not  space  for  detailine;  the  particulars  of  each  experiment,  we 
add  only  the  average  results  of  them. 
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The  experiments  on  cast  iron,  in  cubes  of  one-eighth  of  an  inch^-^Hipecific  graviiy 
7.033,  gave  14391bil.  avoirdupois,  as  the  average  foree  required  to  crush  them. 

On  specimens  of  the  same  nron,  one-eighth  of  an  inch  square,  and  one-fourth 
of  an  inch  long,  the  average  force  required  was  2116  lbs. 

On  specimens  of  the  same  thickness,  but  varying  in  length  from  one-half  of 
an  inch  to  one  inch,  the  average  result  was  1758  lbs. 

On  cubes  of  a  quarter  of  an  inch  of  the  same  metal,  gave  9773  Iba.  as  the 
average  result. 

On  one-fourth  of  an  inch  cubes,  made  from  horizontal  castings  of  specific 
gravity,  7.113  gave  10, 1 14  lbs.  as  the  average. 

On  one-fourth  of  an  inch  cubes,  vertical  castings,  specific  gravity  7.074,  the 
average  was  11,136  lbs. 

A  prism,  having  a  logarithmic  curve  for  iis  limits,  resembling  a  column,  (it 
was  one-fourth  of  an  inch  diameter,  by  one  inch  long,)  broke  with  6954  lbs. 

The  trials  on  prisms,  of  different  lengths,  one-fourth  and  one-half  horizontal, 
gave  9414  lbs. 

The  same,  vertical,  gave  9982  lbs. 

Horizontal  castings,  varying  from  three-eighths  to  six-eights  of  an  inch  X  j, 
gave  an  average  of  8738  lbs. 

Vertical  ditto,  gave  8536  lbs. 

Experiments  on  different  Mef^ls, 

lbs. 

^  X  i  cast  copper,  crumbled  with 7318 

fine  yellow  brass  reduced  ,-^  with  321 3A  lbs.  with  .     .     10304 

wrought  copper    .     .     •     i    •     •  3427} 6440 

cast  tin ^    *     *     ^^^i ^^^ 

cast  lead I 483 

The  experiments  on  the  different  metals  gave  no  satisfactory  results.  The 
difficulty  consists  in  assigning  a  value  to  the  different  degrees  of  diminution. 
When  compressed  beyond  a  certain  thickness,  the  resistance  becomes  enormous. 

Experiments  on  the  Suspension  of  Bars, 

llie  lever  was  used  as  in  the  former  case,  but  the  metab  were  held  by  nippers. 
They  were  made  of  wrought  iron,  and  their  ends  adapted  to  receive  the  bars, 
which,  by  being  tapered  at  both  extremities,  and  increasing  in  diameter  from 
the  actud  section,  and  the  jaws  of  the  nippers  being  confined  by  a  hoop,  con- 
fined both.  'Vhe  bars,  which  were  six  inches  long,  and  one  quarter  square, 
were  thus  fairly  and  firmly  grasped 


It 


inch  cast-iron,  horizontal 1166 

ditto   ditto,  vertical 1218 

ditto  cast-steel,  previously  tilted 8391 

ditto  blister  steel,  reduced  per  hammer    ....  8322 

ditto  shear  steel     •     .     ditto 7977 

ditto  Swedish  iron .    .    ditto 4504 

ditto  English  iron  .     .    ditto    .......  3492 

ditto  hara  gun-metal,  mean  of  two  trials ....  2273 

ditto  wrought  copper,  reduced  per  hammer  .     .    .  2112 

ditto  cast  copper 1192 

ditto  fine  yellow  brass 1123 

ditto  cast  tin 296 

ditto  cast  lead 1 14 

Experiments  on  the  Twist  of  \  inch  Bars^ 

To  effect  the  operation  of  twisting  off  a  bar,  another  apparatus  was  prepant?. 
It  consisted  of  a  wrought-iron  lever,  two  feet  long,  having  an  arched  head  about 
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tixih  of  a  circle,  of  four  feet  diameter,  of  which  the  lever  represented  the 
tia ;  the  centre,  round  which  it  moved,  had  a  square  hole  made  to  receive 
end  of  the  bar  to  be  twisted.  The  lever  was  balanced  as  before,  and  a  scale 
^  on  the  arched  head ;  the  other  end  of  the  bar  being  fixed  in  a  square  hole 
piece  of  iron,  and  that  again  in  a  vice.  By  this  apparatus,  quarter  of  an 
.  Vars,  from  horixontal  castmgs,  were  twisted  with  weights  in  the  scale,  avc- 
ng  9  lbs.  15  01.    The  vertical  castings  took  10  lbs.  lOoz.  as  an  average. 

On  differefU  Metals, 

lbs.  oz. 

Cast  steel 17     9  in  the  scale. 

Shear  steel 17     1 

Blister  steal 16  11 

English  iron,  wrought lO    2 

Swedish  iron,  wrought 9     8 

Hard  gun-metal 5     0 

Fine  yellow  brass 411 

Copper,  cast 4    5 

Tin 17 

Lead 10 

On  TwUU  of  different  Lengths, — Horizontal. 

lbs.  oz. 

I  by  I  long 7     3  weight  in  scale. 

}  l^  f  ditto 8     1 

I  by  1  inch  ditto 8     8 

Vertie(d, 

\  by  i  ditto 10     1 

\  by  f  ditto 8     9 

I  by  1  inch  ditto 8     5 

[orizontal  twists  of  quarter  of  an  inch  bars,  at  six  inches  from  the  bearing, 
I  an  average  of  9  lbs.  12oz.  in  the  scale. 

TwUts  of  \  inch  square  Bars,  east  horizontally, 

qrs.  lbs.  oz. 

I  close  to  the  hearing 3     9  1 2  end  of  the  bar  hard. 

\  ditto 2  18     0  middle  of  the  bar. 

I  at  10  inches  from  bearing,  lever  in 

the  middle 1  24     0 

On  Twists  of  different  Materials. 

hesc  experiments  were  made  close  to  the  bearing,  and  the  weights  were 
imulated  in  the  scale,  until  the  substances  were  wrenched  asunder. 

lbs.  oz. 

Cast  steel 19     9  weight  in  scale. 

Shear  steel 17     1 

Blister  steel 16  11 

English  iron.  No.  1 10    2 

Swedish  iron 9     8 

Hard  gun-metal 5     0 

Fine  yellow  brass 4  11 

Copper 4    5 

Tin 17 

Lead 10 

oa.  II.  5  r 
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MUceUafuout  ExperimenU  on  the  Cnuh  of  1  etMe  tncA. 

lbs.  avoir. 

Elm 1284 

American  pine 1606 

White  deal 1928 

English  oak,  mean  of  two  trials  ', 3860 

Ditto,  of  live  inches  long,  slipped  with 2572 

Ditto,  of  four  inches  long,  slipped  with 5147 

A  prism  of  Portland  stone,  two  inches  long 805 

Ditto,  statuary  marble 3216 

Craig  Leith 8688 

In  the  following  experimenU  on  stones,  the  pressure  was  commuRicated 
through  a  kind  of  pyramid,  the  base  of  which  rested  on  the  hide  leather,  and 
that  on  the  stone.  The  lever  pressed  upon  the  apex  of  the  pyramid.  The 
cubes  were  of  one  and  a  half  inch. 

Spec.  grav.  lbs.  av. 

Chalk '     1127 

Brick,  of  a  pale  red  colour 2.085  1265 

Roe-stone,  Gloucestershire 1449 

Ked  brick,  mean  of  two  trials 2.168  1817 

Yellow-faced  baked  Hammersmith    paviours  three 

times 22.'>4 

Burnt  ditto,  mean  of  two  trials 3243 

Stourbridge,  or  fire  brick 3864 

Derby  ent,  a  red  friable  sandstone 2.316  7076 

Ditto,  ^om  another  quarry 2.428  9776 

Killaly  white  freestone,  not  stratified 2.423  10264 

Portland 2.428  10284 

Craig  Leith,  white  freestone 2.452  12346 

Yorkshire  paving,  with  the  strata 2.085  12856 

Ditto,  against  the  strata 2.507  12856 

White  statuary  marble,  not  veined 2.760  13632 

Branley  Fail  sandstone,  near  Leeds,  with  strata   .     .  2.506  13632 

Ditto,  against  the  strata 2.506  13632 

Cornish  granite 2.662  14302 

Dundee  sandstone  or  brescia,  two  kinds     ....  2.530  14918 

A  two-inch  cube  of  Portland 2.423  14918 

Craig  Lieth,  with  the  strata 2.452  15560 

Devonshire  red  marble,  variegated 16712 

Compact  limestone 2.584  17354 

Peterhead  granite,  hard,  close-grained 18636 

Black  compact  limestone.  Limerick  ......  2.598  19924 

Purbeck 2.599  20610 

Black  Brabant  marble 2.697  20742 

Very  hard  freestone 2.528  21254 

White  Italian  veined  marble 2.726  21783 

Aberdeen  granite,  blue  kind 2.625  24556 

N.B. — The  specific  gravities  were  taken  with  a  delicate  balance,  made  by 
Creighton,  of  Glasgow,  all,  with  the  exception  of  two  specimens,  which  were  by 
accident  omitted. 

Remarks. — In  observing  the  results  presented  by  the  preceding  table,  it  will 
be  seen  that  little  dependence  can  be  placed  on  the  specific  gravities  of  stones, 
so  far  as  regards  their  cohesive  powers,  although  the  increase  is  certainly  in 
favour  of  their  specific  gravities.  But  there  would  appear  to  be  some  undefined 
law  in  the  connexion  of  bodies,  with  which  the  specific  gravity  has  little  to  do. 
Thus,  statuary  marble  has  a  specific  gravity  above  Aberdeen  granite^  yet  a 
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ihesive  power  not  much  above  half  the  latter.  Agaifii  hardness  is  not  altogether 
characteristic  of  strength,  inasmuch  as  the  limestones,  which  yield  readily  to 
te  scratch,  have  nevertheless  a  cohesive  power  approaching  to  granite  itself. 

JExperimenU  made  on  the  transverse  strain  of  Cast  Barsj  the  ends  loose. 

Weight  of    Distance  of 

the  bars         bearings 

lbs.  oz.             ft  in.  lbs.  av. 

Bar  of  1  inch  square 12  6               3     0  897 

Ditto  of  1  inch  ditto 9  8               2     8  1086 

Half  the  above  bar 14  2320 

Bar  of  1  inch  square  through  the  dia- 
gonal       2  8               2     8  851 

Half  the  above  bar 14  1587 

Bar  of  2  inches  deep,  by  i  inch  thick       9  5               2     8  2185 

Half  the  above  bar 14  4508 

Bars  3  inches  deep,  by  i  inch  thick      .     9  15               2     8  3588 

Half  the  above  bar 14  6854 

Bar  4  inches,  by  |  inch  thick     ...     9  7               28  3979 
Equilateral  triangles,  with  the  angles  up 
and 'down,  viz.,  with  the  edge  or 

angle  up 9  11               2     8  1437 

With  the  angle  down 9  7               2     8  840 

'    Halfthe  first  bar 14  3059 

Half  the  second  bar 14  1656 

A   feather-edged  bar  was  cast,  whose 
dimensions    were  2  inches  deep 

by  2  wide,  edge  up 10  0              2    8  3105 

N.B. — All  these  bars  contained  the  tame  area,  though  differently  distributed 
I  to  their  forms. 

JExperiments  made  on  the  Bar  of  \  inches  deep  by^  inch  thick,  by  giving  it 
different  forms,  the  hearings  at  2  feet  8  inches,  as  before, 

lbs. 

Bar  formed  Into  a  semi-ellipse,  weighed  7  lbs 4000 

Ditto  parabolic  on  its  lower  edge 3860 

Ditto  of  4  inches  deep  by  i  inch  thick 3979 

JSxperiments  on  the  transverse  strain  of  Bars,  one  end  made  fast,  the  weight 
being  suspended  at  the  other,  at  2  feet  8  inches  from  the  bear  ing. 

lbs. 

An  inch-square  bar  bore 280 

A  bar  2  inches  deep  by  i  an  inch  thick 539 

An  inch  bar,  the  ends  made  fast 1173 

The  paradoxical  experiment  of  Emerson  was  tried,  which  states,  that  by 
itting  off  a  portion  of  an  equilateral  triangle,  (see  page  114  of  Emerson's 
[echanics,)  the  bar  is  stronger  than  before ;  that  is,  a  part  stronger  than  the 
hole.  The  ends  were  loose  at  two  feet  eight  inches  apart,  as  before.  The 
\ge  from  which  the  part  was  intercepted  was  lowermost;  the  weiglit  was  ap- 
ied  on  the  base  above;  it  broke  with  1129  pounds,  whereas  in  the  other  case 

iKkre  only  840  pounds. 

lbs. 

.  wire  of  one-tenth  inch  diameter  of  Lead  breaks  with     .        29^  Emerson. 

Do.  do.  Tin  do.  49^        „ 

Do.  do.  Copper     do.  299(        „ 

Da  do.  Brass       do.  360         „ 
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lbs. 

A  wire  of  one-tenth  inch  diameter  of  Silver  breaks  with  370  Emerson. 

Do.  do.  Iron  do.  .       150  „ 

Hound  bar,  1  inch  do.  „  do.  .  63320  Rumford. 

The  relative  cohesive  strength  of  the  metals  are,  according  to  Sickengen,  at 
follow : — 

Gold 150,955 

Silver 190,771 

Platina 262,361 

Copper 304,696 

Soft  Iron 362,927 

Hard  Iron 559,880 

But  their  hardness,  according  to  Cavallo,  follows  this  order,  viz.,  Iron,  Pla- 
tinum, Copper,  Silver,  Gold,  Tin,  Lead. 

Banks  observes  that  iron  is  about  four  times  as  strong  as  oak,  and  six  times 
as  strong  as  deal.  Wood  is  from  seven  to  twenty  times  weaker  transversely 
than  longitudinally.     It  becomes  stronger  both  ways  when  dry. 

TENON.  The  end  of  a  bar  of  metal  or  piece  of  wood  reduced  in  its 
dimensions,  so  as  to  fit  a  hole  in  another  piece,  called  a  mortise,  and  thus 
joining  the  two  together. 

TENSION.  Is  the  state  of  a  thing  stretched;  this  term  is  much  used  by 
engineers  to  express  the  tenacity  of  metals  and  other  substances,  when  pulled  in 
the  direction  of  their  length  ;  thus  a  wire  of  one-tenth  of  an  inch  in  diameter, 
is  said  to  be  capable  of  resisting  a  tension  of  450  pounds. 

TENTER,  triery  or  prover^  a  machine  or  frame,  used  in  the  cloth  manufac- 
tory, to  stretch  out  the  pieces  of  cloth,  and  make  them  set  even  and  square.  It 
is  usually  about  4/  feet  high,  and  for  length  exceeds  thut  of  the  longest  piece  of 
cloth,  it  consists  of  several  long  square  pieces  of  wood,  placed  like  those 
which  form  the  barriers  of  a  menage;  so,   however,  as  that  the  lower   cross 

{>ieces  of  wood  may  be  raised  or  lowered,  as  is  found  requisite,  to  be  fixed  at  any 
leight,  by  means  of  pins.  Along  the  cross  pieces,  both  the  upper  and  tbo 
lower  one,  are  numerous  sharp  hooked  nails,  called  tenter-hooks,  on  which  the 
selvages  of  the  cloth  are  hooked. 

TESSELLA  TED  PAVEMENTS.  Pavements  of  different  coloured  stones, 
tiles,  or  brick,  laid  chequer-wise,  or  like  dice  (tessela?.)  The  term  tessellated  is, 
however,  extended  to  all  kinds  of  mosaic  patterns  or  designs. 

TEST.  Any  solid  or  fluid  body,  which,  added  to  a  substance,  teaches  us  to 
distinguish  its  chemical  nature  or  composition. 

THEATRE.  An  edifice  or  great  room  for  the  public  exhibition  of  scenic 
representations,  the  performance  of  the  drama,  of  concerts,  the  delivery  of  scien- 
tine  lectures  and  demonstrations,  &c.  Considering  that  the  description  of  a 
theatre  for  the  latter  purpose  will  not  be  out  of  place  in  this  work,  and  be  ac- 
ceptable to  our  readers,  we  shall  here  annex  an  account  of  the  lecture  theatre 
of  the  London  Mechanics'  Institution;  which  may  serve  the  purpose  of  a  model 
whereon  similar  undertakings  may  be  constructed  and  arranged,  making  such 
alterations  and  modifications  as  will  better  adapt  them  to  other  circumstances. 

The  front  of  this  institution  is  a  large  dwelling-house,  situated  in  Southamp- 
ton Buildings,  at  the  comer  of  Staple  s  Inn,  in  Hoi  born :  the  lower  rooms  of 
which  are  employed  for  the  library,  reading-rooms,  apparatus  rooms,  laboratory, 
&c.,  and  the  upper  is  the  private  apartments  of  the  Secretary.  The  theatre  is 
an  entirely  new  structure,  built  at  the  back  of,  and  in  connexion  with,  the 
house.  The  first  stone  of  the  theatre  was  laid  on  the  2d  December,  1824,  by 
Dr.  Birkbeck,  the  munificent  patron  and  enlightened  president  of  the  insti- 
tution, and  it  was  opened  for  use  on  the  8th  of  July,  1825. 

The  annexed  Fig,  1  exhibits  a  plan  of  the  ground  floor  of  the  whole  building, 
on  a  scale  of  1  inch  to  20  feet. 

The  doors  in  front  of  the  house  in  Southampton  Row  are  represented  at  D. 
O,  oflice.     H,  hall  and  principal  staircase.     R  R,  reading-room  for  theaccomv 


icre  all  the  boolu  in  the  library  may  be  perused.     L,  the  library,  cc 
wards  of  5000  volumei ;  iDcluding  olmoit  erery  work  of  reputatioD  on 
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science  and  literature,  trhich  may  either  be  consulted  in  the  reading-room,  or 
taken  home  by  the  members.  A  R,  ante-room  to  theatre.  £,  principal  entncn 
from  the  house  into  theatre,  e  e,  side-entrances  into  theatre.  T,  the  theatre, 
bounded  by  a  wall  to  u;  u;,  of  a  horse-shoe  form.  G  G  G  are  the  seats  appro- 
priated to  the  members  in  general.  C  are  those  allotted  exclusively  to  memben 
of  the  committee ;  and  V,  those  for  the  accommodation  of  honoraiy  memben, 
and  visitors.  N  is  the  entrance  into  the  theatre  from  Northumberland  Court; 
and  M  is  that  leading  from  Middle  Row,  Holbom.  S  S,  two  circular  spinl 
staircases,  which  proceed  from  the  basement  to  the  gallery.  /  <  is  the  lecturers' 
table,  behind  which,  at  P,  is  a  large  frame  for  the  exhibition  of  plans,  diagrami, 
charts,  drawings,  &c. ;  and  when  these  are  made  into  tranapcurencies,  they  are 
illuminated  by  a  series  of  gas  jets  arranged  behind  the  frame.  F  is  a  futnace,  em- 
ployed in  the  chemical  lectures.  This  furnace,  when  not  in  use,  is  closed  by 
two  folding-doors,  which  are  elegantly  painted  to  correspond  with  the  foldisg- 
doors  of  the  entrance  E.  The  six  black  spots  arranged  in  a  temi-circle,  show 
the  site  of  the  iron  pillars  that  support  the  principal  gallery,  which  is  alsooftiie 
horse-shoe  form,  as  shown  by  the  curved  dotted  line  of  that  figure,  (also  a- 
hibited  in  Fig,  2.) 

The  foregoing  plan,  although  only  descriptive  of  the  groundrfiaor  of  the  build- 
ing, will  enable  us  to  explain  the  appropriation  of  the  rooms  and  offices  of  the 
basement  undenieath  it 

Underneath  the  hall  H,  is  a  kitchen  and  store-room ;  underneath  the  reading- 
room  R  R,  are  the  porter's  rooms ;  and  underneath  the  library  L,  is  the  Isbon* 
tory  of  the  same  area,  containing  furnaces,  and  otlier  requisites  for  chemicil 
investigations.  In  this  room  a  class  of  the  members  meet  weekly  for  mutosl  is- 
struction  in  chemistry,  minerology,  &c.  Adjoining  to  the  laboratory  is  a  small 
workshop,  furnished  with  an  excellent  turning-lathe,  work-bench,  and  Tsriooi 
tools  for  the  construction  and  repair  of  apparatus. 

Under  the  theatre  is  an  extensive  class-room,  lighted  by  gaas,  where  practi- 
cal geometry,  perspective,  architectural,  mechanical,  and  ornamental  drawing 
are  regularly  taught 

The  annexed  figure  (2.)  exhibits  a  plan  oi  ^e  firH-Jloor  cf  the  ^wsf ,  tof^edier 
with  a  plan  of  the  gallery  of  the  theatre.  H  S  is  the  ascending  staircase  fioin  tbe 
hall  to  tne  first-floor ;  H  G,  the  gallery  leading  therefrom  to  the  several  apartmenU, 
all  the  doors  or  entrances  to  which  are  marked  with  ad,  C  R  is  the  committee- 
room,  furnished  with  a  large  table,  and  other  requisites,  to  accommodate  tbe 
meeting  of  the  committee  of  managers,  who  conduct  the  affairs  of  the  institih 
tion.  This  room  is  19  feet  by  21  feet,  and  one  of  the  side-walls  is  covered  wi^ 
a  glass  case,  furnished  with  a  splendid  collection  of  minerals.  A  R  is  the  apps- 
ratus-room,  or  museum,  furnished  with  glass  cases  around  it,  containing  aa 
extensive  assortment  of  mechanical,  pneumatical,  hydrostntical,  optical,  and  eke* 
trical  apparatus ;  besides  a  great  variety  of  very  large  diagrams,  for  the  flloa- 
tration  of  those  subjects ;  and  an  assortment  of  mineral  and  geological  spedmest 
This  room  is  open  for  the  accommodation  of  the  menooers  every  Tuesday 
evening,  from  eight  till  ten  o'clock,  to  afford  them  opportunities  of  inipeeh 
ing  the  apparatus,  conversing  together,  and  explaining  to  each  other  the  reralii 
of  their  experience  and  observations.  This  mutual  interchange  of  infomiatioB 
is  calculated  to  be  productive  of  important  advantages  to  the  members.  A  dan 
for  mutual  instruction  in  experimental  philosophy,  also  holds  a  weekly  meeuiig 
in  this  room.  M  R  is  another  room,  similarly  appropriated  to  the  last  smb- 
tioned ;  it  contains  various  models,  and  large  pieces  of  apparatus,  inconvedcat 
for  exhibition  in  the  museum,  (A  R,)  and  an  extensive  collection  of  trampa* 
rent  illustrations  of  various  sciences.  B  S,  the  staircase,  leading  to  the  upper 
floors  of  the  house.  The  room  over  the  committee-room  is  a  class-roosi,  ii 
which  writing,  drawing,  the  English  and  Latin  languages,  &c.,  and  occasioDBfir 
stenography,  are  taught  in  the  different  evenings  of  the  week  ;  and  the  torn 
over  the  museum  is  also  a  class-room,  where  mathematics  and  arithmetic  flt 
taught  The  other  rooms  in  the  upper  part  of  the  house  are  the  private  apart' 
ments  of  the  secretary,  who  resides  on  the  premises.  G  G  G,  show  the  seak 
in  the  gallerv  of  the  theatre,  rising  up  an  inclined  plane ;  |he  fron^  or  k)«^ 


row,  bong  upon  a  level  with  the  finl-Boor  t^  th«  house,  ud  the  highei^  or 
back  row,  bems  about  17  feet  above  the  lowast  N  S  is  the  top  of  the  cirralu 
itone  ttairease leadine  from  the  entrance  in  Northumberland  Court;  and  MS, 
■hit  ^pertaioing  to  Uta  entrance  from  Middle  How,  Holborn.     P  is  the  pit,  or 


1 

---T 

"'^    '^ 

'9 

1 

I 

;ij 

■tber  ground-floor,  of  Ihe  theatre,  the  plan  of  which  is  given  in  Ftg.  \.  hL 
re  two  jointed  branches  for  gas-lights,  ench  containing  threa  burners,  whiih 
■n  be  mored  in  various  positions,  (o  suit  the  object*  to  be  illuminated.     The 
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dotted  lines  ooo,  show  the  plan  of  a  lofty  rectangular  gallery,  even  with  the  top 
of  the  semi-circular  gallery  G,  from  which  there  are  two  entrances  at  the  extre- 
mities, and  another  in  the  middle. 

THEODOLITE.  A  mathematical  instrument  used  hy  land-surveyors,  for 
takinff  angles,  distances,  altitudes,  &c.  This  instrument  is  variously  made,  and 
provided  with  subordinate  apparatus,  according  to  the  price,  or  the  requirement! 
of  the  purchaser.  We  shall  describe  one  of  the  most  generally  useful.  This 
consists  of  two  concentric  horizontal  circles,  the  inner  of  which  naa,  at  the  ends 
of  one  of  its  diameters,  two  perpendicular  columns,  on  which  rests  the  horizontal 
axis  of  a  small  meridian  telescope.  The  vernier  of  the  inner  circle  is  made 
fast  to  an  arbitrary  division  line  of  the  outer  one,  and  both  circles  are  moved, 
together  with  the  telescope,  until  the  object  sought  for  appears  in  its  field.  The 
outer  circle  is  now  fixed,  and  the  inner  one  is  turned  round,  until  the  telescope 
strikes  the  second  object,  whose  angular  distance  from  the  first  is  to  be  mea- 
sured. The  inner  circle  is  now  fastened  to  the  outer,  and  by  means  of  a  mi- 
crometer screw,  the  thread  of  the  telescope  is  brought  exactly  upon  the  object. 
The  arc  which  the  vernier  of  the  inner  circle  has  described  on  the  outer  one 
measiu-es  the  angle  which  the  two  objects  make  at  the  common  centre  of  the 
two  circles. 

THEOREM.  A  proposition  which  terminates  in  theory,  and  which  con- 
siders the  properties  of  things  already  made  or  done.  Or,  theorem  is  a  specu- 
lative proposition,  deduced  fi*om  several  definitions  compared  together. 

THEORY.  A  doctrine  which  terminates  in  speculations,  without  any  view 
to  the  practice  or  application  of  it. 

THERMOMETER.  An  instrument  for  measuring  the  temperature  of  bodies ; 
founded  upon  the  principle  of  augmentation  in  volume  of  fluids,  in  proportion 
to  their  absorption  of  caloric ;  and  as  regards  aeriform  fluids,  the  principle  is 
probably  very  correct :  but  solids,  and  still  more  liquids,  expand  unequally,  by 
eoual  increments  of  heat.  Thermometers  were  invented  about  the  beginning 
of  the  seventeenth  century ;  but  a  knowledge  of  their  author  is  involved  in  some 
obscurity.  For  the  first  half  century,  after  their  introduction,  they  were  made  in 
a  very  rude  and  imperfect  manner ;  but  they  were  at  length  considerably  im- 
proved by  the  Florentine  academicians,  and  received  subsequent  ameliorations 
from  Mr.  Boyle,  Dr.  H alley,  and  Sir  Isaac  Newton,  as  well  as  from  contempo- 
raneous philosophers  on  the  continent.  The  changes  which  the  instrument 
underwent  in  their  hands,  (described  in  the  Oxford  Encyclopaedia,)  we  shall  not 
here  insert,  as  all  that  had  at  that  time  been  proposed,  were  liable  to  many 
conveniences,  and  could  not  be  considered  as  exact  standards  for  pointing  oat 
the  various  degrees  of  temperature. 

Tlie  thermometers  which  at  present  are  in  most  general  use,  are  Fahrenheit's, 
De  risle*s,  Reaumur's,  and  Celsius's.  Fahrenheit's  are  used  in  Britain,  De 
risle's  in  Russia,  Reaumur's,  and  the  thermometer  centrigade,  in  France,  and 
Celsius's,  the  same  as  the  last  named,  in  Sweden.  They  are  all  mercurial 
thermometers. 

Fahrenheit's  thermometer  consists  of  a  slender  cylindrical  tube,  and  a  small 
longitudinal  bulb.  To  the  side  of  the  tube  a,  is  annexed  a  scale  6,  whkk 
Fahrenheit  divided  into  600  parts,  beginning  with  that  of  the  severe  cold 
which  he  had  observed  inlceland  in  1709,  or  that  produced  by  surrouudine  the 
bulb  c  of  the  thermometer  with  a  mixture  of  snow  or  beaten  ice,  and  sil 
ammoniac,  or  sea  salt.  This  he  apprehended  to  be  the  greatest  degree  of  cold ; 
and  accordingly  he  marked  it,  as  the  beginning  of  his  scale,  with  0  ;  the  point 
at  which  mercury  begins  to  boil,  he  conceived  to  show  the  greatest  degree  of 
heat,  and  this  he  made  the  limit  of  hi^  scale.  The  distance  between  these  two 
points,  he  divided  into  600  equal  parts  or  degrees;  and  by  trials,  he  found  that 
the  mercury  stood  at  thirty-two  of  these  divisions,  when  water  just  begins  to 
freeze,  or  snow  or  ice  just  begins  to  thaw ;  it  was,  therefore,  called  the  degres 
of  the  freezing  point  When  the  tube  was  immersed  in  boiling  water,  the 
mercury  rose  to  212,  which,  therefore,  is  the  boiling  point,  and  is  just  180 
degrees  above  the  former,  or  freezing  point.  But  the  present  method  of 
making  the  scale  of  these  thermometers,  which  is  the  sort  in  most  common  use^ 
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is  first  to  imiDer^ge  tlie  bulb  of  the  thermometer  in  ice  or  snow  just  beginning  to 
thaw,  and  mark  the  place  wliere  the  mercury  stands,  with  number  32;  then  immerge 
it  in  boiling  water,  and  again  mark  the  place  where  the  mercury 
^         stands  in  the  tube  ;    which  mark,  with  the  number  212,  exceeding 
|-|      the  former    by    180,  dividing   therefore   the  intermediate    space 
I         into  180  equal  parts,  will  give  the  scale  of  the  thermometer,  and 
which  may  afterwards  be  continued  upwards  or   downwards    at 
pleasure.      Other  thermometers  of  a  similar   construction    have 
Deen  accommodated  to  common  use,  having  but  a  portion  of  the 
above  scale.   They  have  been  made  of  a  small  size  and  portable 
form,  and  adapted  with  appendages  to  particular  purposes ;  and 
the  tube,  with  its  annexed  scale,  has  often  been  inclosed  in  another 
thicker  glass  tube,  also  hermetically  sealed,  to  preserve  the  thermo- 
meter from  injury. 

In  1733,  M.  De  Tlsle,  of  Petersburgh,  constructed  a  mercurial 
thermometer,  on  the  principles  of  Keaumur's  spirit  thermometer. 
In  his  thermometer,  the  whole  bulk  of  quicksilver,  when  immerged 
in  boiling  water,  is  conceived  to  be  divided  into  100,000  parts ;  and, 
from  this  one  fixed  point,  the  various  degrees  of  heat,  either  above 
or  below  it,  are  marxed  in  these  parts  on  the  tube  or  scale,  by  the 
▼arious  expansion  or  contraction  of  the  quicksilver,  in  all 
imaginable  varieties  of  heat 

Ine  thermometer  at  present  used  in  France  is  called  Reaumur's, 
but  it  is  very  different  from  the  one  originally  invented  by 
Reaumur  in  1730,  in  which  spirits  of  wine  was  used  to  indicate 
the  degrees  of  expansion.  The  thermometer  now  in  use  in  France  is 
filled  with  mercury  ;  and  the  boiling-water,  which  is  at  80, 
corresponds  with  the  212th  degree  of  Fahrenheit.  The  scale,  indeed, 
commences  at  the  freezing  point,  as  the  old  one  did.  The  new  thermo- 
meter ought  more  properly  to  be  called  De  Luc*s  thermometer,  for  it  was  first  made 
b}'  De  Luc.  When  De  Luc  bad  finished  the  scale,  and  completed  an  account  of 
it,  he  showed  the  manuscript  \o  M.  De  la  Condamine.  Condamine  advised  him 
to  change  the  number  80 ;  remarking,  that  such  was  the  inattention  of  physi- 
cians, that  thev  would  probably  confound  it  with  Reaumur's.  Do  Luc's 
modesty,  as  well  as  a  predilection  for  the  number  80,  founded,  as  he  thought, 
on  philosc^liical  reasons,  made  him  decline  following  this  advice  ;  but  he  found 
hy  experience,  that  the  prediction  of  Condamine  was  too  well  founded.  The 
tbermometer  of  Celsius,  which  is  used  in  Sweden,  has  a  scale  of  100  degrees 
£rom  the  freezing  to  the  boiling-water  point. 

The  thermometer  centigrade^  now  used  in  France,  has  the  scale  divided  in  the 
Mune  way.  Many  other  thermometers  have  been  used  besides  these,  and 
consequently  observations  taken  by  them  ;  but  it  is  unnecessary  to  describe  any 
bi  these  more  minutely,  as  they  are  no  longer  used.  Those  who  wish  to  read  a 
more  particular  account  of  them  may  consult  Dr.  Martine's  Essays.  It  must 
be  admitted  that  disadvantages  attend  the  adoption  of  the  scales  o/^  each  of  the 
thermometers  we  have  described,  but  hitherto  the  sanction  of  long  usage  in  the 
countries  where  they  have  been  introduced,  has  prevented  their  being  super- 
seded by  any  other. 

A  aeif-registering  thermometer  has  been  invented  by  Mr.  Keith,  of  Ravel- 
done,  which  is  considered  as  most  ingenious  and  simple,  a  b,  in  the  annexed 
figure,  is  a  thin  fflass  tube,  about  fourteen  inches  long,  and  three-fourths  of 
an  inch  calibre,  close  or  hermetically  sealed  at  top.  To  the  lower  end,  which 
is  open,  there  is  joined  the  crooked  glass  tube  b  e,  seven  inches  long,  and  four- 
tentns  of  an  inch  calihre,  and  open  at  top.  The  tube  a  b  is  filled  with  tlie 
flivongest  spirit  of  wine,  and  the  tube  b  e  with  mercury.  This  is  properly  a 
epnit-ot-wiue  thermometer,  and  the  mercury  is  used  merely  to  support  a  piece 
of  ivoiy,  or  glass,  to  which  is  affixed  a  wire  for  raising  one  index,  or  depressing 
another,  according  as  the  mercury  rises  or  falls.  £  is  a  small  conical  piece  of 
Ivory  or  glass,  of  such  a  weight  as  to  float  on  the  surface  of  the  mercury.  To 
the  float  is  joined  a  wive,  called  the  float-wire,  which  reaches  upwards  to  H« 
VOL.  II.  5  a 
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CorreiponiUnce  a/the  Thtrmoiaelrrt  o^Fahkehiieit  and  Real'iiiik,  aadOnloj 
Celbiui,  or  Me  Cenligrade  Thenuometer  oflht  mojera  FriHck  CAmiib. 
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irhere  it  terminateB  in  a  knee  ben.  at  right  angles.    The  float-wire,  by  means  of 

fm  eye  at  A»  moves  easily  along  the  small   harpsichord  wire  g  h,     II  are  two 

indexes  made  of  thin  black  oiled  silk,  which  slide  upwards  or  down- 

,r\//'^        wards  with  a  force  of  not  more  than  two  grains.     The  one  placed 

above  the  knee  points  out  the  greatest  rise,  and  the  one  placed 

below  it  points  out  the  greatest  rail,  of  the  thermometer.     When 

the  instrument  is  to  be  prepared  for  an  observation,  both  indexes 

i,l      are  to  be  brought  close  to  the  knee  h.     It  is  evident,  that  when 

h     the  mercury  rises,  the  float  and  float-wire,  which  can  be  moved 

with  the  smallest  force,  will  be  pushed  upwards  till  the  mercury 

becomes  stationary.   As  the  knee  of  the  float-wire  moves  upwards, 

it  will  carry  along  with  it  the  upper  index  /.     When  the  mercury 

again  subsides,  it  leaves  the  index  at  the  highest  point  at  which 

it  was  raised,  for  it  will  not  descend  by  its  own  weight  :  as  the 

mercury  falls,  the  float-wire  does  the  same;  it  therefore  brings 

along  with  it  the  lower  index  /,  and  continues  to  depress  it  till  it 

again  becomes  stationary,  or  ascends  in  the  tube ;   in  which  case  it 

leaves  the  lower  index  beliind  it,  as  it  had  formerly  left  the  upper. 

The  scale  to  which  the  indexes  point  is  placed  parallel  to  the 

slender  harpsichord  wire.    That  tne  scale  and  indexes  may  not 

be  injured  by  the  wind  and  rain,  a  cylindrical  glass  cover,  close  at 

top,  and  made  so  as  exactly  to  fit  the  part  gj\  is  placed  over  it 

As  a  knowledge  of  the   correspondence  between  the  thermo- 

J     I  j         meters  of  Fahrenheit,  Reaumur,  and  Celsius,  are  indispensable  to 

V^^         the   comprehension    of   the    scientific    labours    of   the    French 

and  German  philosophers  and  authors,  whether  in  the  original 
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K%,  however,  higher  degrees  of  temperature  may  be  required  than  those  given  in 
the  table,  the  following  rules  are  given  for  changing  the  degrees  of  any  one  of 
the  scales  into  equivalent  degrees  of  another ;  viz.  each  degree  of  Fahrenheit 
b  equal  to  four^ninths  of  one  of  Reaumur ;  as  Reaumur,  however,  reckons  his 
iegrees  from  the  freezing  point,  and  Fahrenheit  32^  below  this  point,  we  must, 
vhen  the  number  of  Fahrenheit's  degrees  to  be  reduced  indicate  a  temperature 
shove  the  freezing-point,  first  deduct  32,  then  multiply  the  remainder  by  4,  and 
iiTide  the  product  by  9.  The  quotient  is  the  corresponding  number  of  degrees 
Ml  Reaumur's  scale.  If  the  temperature  indicated  was  less  than  the  freezing 
pcnnt,  we  must  also  be  careful  to  take  the  actual  number  of  degrees,  reckoning 
OtHn  the  freezing  point  Thus  4  degrees  above  Fahrenheit's  zero  is  28  below 
Ilia  freezing  point ;  and  this  is  the  number  to  be  reduced  to  Reaumur's  scale. 

Each  degree  of  Reaumur  b  equal  to  2|  of  one  of  Fahrenheit.  Multiply  the 
riven  number  of  degrees  of  Reaumur  by  9,  and  divide  the  product  by  4.  If  the 
Iegrees  of  Reaumur  were  minus,  the  quotient  must  be  deducted  from  32,  and 
the  remainder  will  be  the  equivalent  degrees  of  Fahrenheit  If  the  given  degrees 
verc  not  minus,  the  quotient  must  be  added  to  32  degrees,  and  the  sum  will  be 
he  equivalent  sought. 

Each  degree  of  Fahrenheit  is  equal  to  |  of  one  of  the  centigrade.  Proceed 
IS  in  the  case  of  Fahrenheit  and  Reaumur,  multiplying,  however,  by  5,  and 
lividing  by  9. 

E^ch  degree  of  Reaumur  is  equal  to  1^  of  the  centigrade.  Multiply  the 
^ven  number  of  degrees  by  5,  divide  the  product  by  4,  and  the  quotient  will 
>e  the  equivalent  number  of  degrees  on  the  centigrade  scale. 

Each  uegreeofthe  centigrade  scale  is  equal  to  four-fifths  of  Reaumur.  Multiply 
lie  given  number  of  degrees  of  the  centigrade  by  4,  and  divide  the  productby  5 ; 
he  quotient  will  be  the  equivalent  number  of  degrees  on  Reaumur's  scale. 

The  different  degrees  of  expansibility  of  dissimilar  metals  by  the  same 
ncrease  of  temperature,  is  well  known,  and  has  been  usefully  employed  to 
produce  compensation  in  the  regulators  of  time-keepers  ;  and  recently  a  very 
sensible  and  convenient  thermometer  has  been  made  on  the  same  principle. 
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The  one  from  which  we  made  the  diagram  on  the  next  page,  b  contained  in  a 
common-sized  pocket*watch,  and  indicates  the  temperature  from  30*  below 
aero  to  80o  Reaumur,  equal  to  the  extent  from  zero,  to  2I2<>  on  Fahrenheit's 
scale. 

It  consists  of  a  slip  of  steel  on  a  slip  of  brass  attached  together,  and  "bent 
wkh  the  brass  inwards,  into  a  circular  form  a  a,  and  fixed  to  we  frame  of  the 
watch  at  6,  immediately  behind  the  dial.  One  end  of  this  circular  piece  is  best 
inwards  at  c,  and  acts  upon  a  lever,  e  f,  of  the  third  order.  The  lever  mores 
upon  a  pivot  at/,  is  furnished  witli  an  adjusting  screw  d,  and  a  toothed  segment  e. 
The  teeth  of  this  segment  act  upon  the  teeth  of  a  small  pinion  ^r,  to  the 
projecting  pivot  of  which  an  index  n  is  attached. 

'file  action  of  this  little  instrument  is  obvious ;  for  as  the  interior  portion  of 
the  compound  circular  piece  is  of  brass,  which  is  more  expansible  than  the 
exterior,  which  is  of  steel,  an  increase  of-  heat  will  cause  the  ring  to  open ;  bat 
in  opening  it  acts  upon  tlie  lever,  and  by  that  means  turns  the  index,  which 
nuints  out  by  the  graduated  circle  on  the  face  of  the  watch  the  quantity  of 
mcrease.  On  the  contrary,  when  a  decrease  of  heat  takes  place,  the  ring  will 
have  a  tendency  to  close,  and  the  lever  being  kept  up  to  it  by  a  small  spring  on 
the  opposite  side,  acts  upon  the  index,  and  points  the  quanti^  of  decrease  in 
the  temperature.  This  thermometer  indicates  a  change  of  temperature  much 
quicker  than  the  common  mercurial  thermometer,  owing  to  tlM  metals  being 
better  conductors  of  caloric,  than  wood  or  glass,  the  sulwtancea  of  which  they 
are  usually  manufactured. 


A  Thermometer  of  CotUaei  has  lately  been  invented  by  M.  Fourrier.  "  it 
is  well  known,"  says  M.  Fourrier,  "  that  on  touching  different  substances 
maintained  at  the  same  temperature,  the  same  calorific  impression  is  not 
received  in  consequence  of  the  different  conductibility  of  those  bodies.  It  is 
even  sufficient  to  cover  Uiose  bodies  with  a  thin  sheet  of  paper,  sensibly  to 
change  the  effect  of  the  contact.     If,  then,  on  a  support  kept  at  a  constant 
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Icmparature,  for  example,  at  that  of  melting  ice,  thin  ilieeti  of  different 
nibetuicei  kre  luccensiTely  applied,  the  itmple  contact  of  tlie  naked  huid  wiU 
■ufficeto  olaoi  a  great  number  of  thetn  according  to  their  order  of  conductibility ; 
but  llii*  method  la  b;  no  moaai  accuratcv  and  Ja  liable  to  other  inconvenicncM. 
SI.  Fonrrier'i  inatrament  majr  be  considered  as  an  improTed  hand,  and  minutely 
cMabliahm  the  facta  to  irhich  the  application  of  the  band  only  makei  an 
appniximatian.  It  ii  extremely  aimple ;  it  coiui*t»  of  a  eoQe  of  very  thin  iron, 
filled  with  mercury,  and  terminated  at  ita  circular  baa«  bj  a  akin  of  moderate 
thickoMi.  A  tfaermometer  ia  placed  in  the  mercury;  it  ia  thia  akin  which  ia 
put «)  the  thin  iheet  applied  to  the  aupport  The  contact  It  very  intimate,  in 
cameqtwaee  of  ha  floxiltilitj ;  and  the  thermometer  indioatea  the  varialiona  of 
tempenture.  By  Ait  hittrunieat  many  curioua  facta  hars  already  been 
•acertained.  For  initance,  it  haa  been  ihoirn,  that  the  order  m  wbieb  thin 
■beafiaf  diffetant  tubttancei  are  placedonEuponanother,  influence!  the  quantity 
of  heat  which  paaaea  through  them  under  the  tame  external  circumataneei. 
TbtMi  the  intcrpoaition  of  a  theet  of  leather  facilitatea  the  tranaminion  of  heat 
Stem  akin  to  cloth,  and  it  obitnicta  it  from  cloth  to  marble. 

The  thermometer!  hitherto  de*ciibed  are  very  limited  in  tbeir  extetit ;  th«y 
indeed  point  out  to  ua  the  toweat  degree!  of  heat  which  are  commonly  obaerved 
even  in  cnid  climntea,  but  they  by  no  mean*  reach  to  thoae  degree*  of  heat 
which  are  very  familiar  to  ui.  The  mercurial  diermometn  extenda  no  lartber 
than  to  600  of  Fabrenheit'a  icale,  the  heat  of  boiling  mercury  i  but  we  are  rare 
that  the  heat  of  aolid  bodiea,  when  heated  to  ignitioD,  or  till  they  emit  light,  far 
.  exceed*  the  heat  of  boiling  mercury.  In  order  to  remedy  thia  defect.  Sir  Iiaac 
Newton  attempted,  by  an  ingeniou*  experiment,  to  extend  the  icale  to  any  degree 
required.  Hli  plan,  howeTcr,  waa  not  found  couTenient  forpractical  purpoae*. 
But  foUowing  the  idea  auggeated  by  Newton,  the  late  Mr.  Wedgwood  InTented 
a  very  aimple  thermometer,  which  mark*  witb  much  preciaion  the  different 
degreta  of  ignitioD  from  a  dull  red  heat  viaible  in  the  dark,  to  the  heat  of  an 
mir-fntnaee. 

a  A  c  4  in  the  annexed  figure,  is  a  amooth  flat  plate ;  on  which  ar*  fixed 
*wo  ruler*,  or  flat  piece*,  a  quarter  of  an  inch  thick,  lying  flat  upon  the  plalei 


I  a  long  c( 


anal,  which  ia  divided  oi 


I  number  of 


erging  ca  .  . 
email  equal  porta,  and  which  may  be  considared  a*  per- 
forming the  office*  both  of  the  tube  and  acaleof  the  common 
tbermemeter.  It  ia  obvioua,  that  if  a  body,  «o  a4j>'*ted  aato 
fit  aiactly  at  the  wider  end  of  thia  canal,  be  afterward*  di- 
miniahed  in  ita  hulk  by  fire,  a*  the  thermometer  piecee  are, 
it  will  then  paai  further  into  the  canal,  and  more  and  more 
ao  according  aa  the  diminution  ia  greater;  and  convenely, 
tbat  if  a  body  ao  adjuated  aa  to  pau  on  to  the  narrow  end, 
be  afterwardi  expanded  by  fire,  aa  it  the  cate  witb  metala, 
and  applied  in  that  expanded  atate  to  the  acale,  it  will  not 
pai*  10  far;  and  that  the  dlTiaiuna  on  the  nde  will  be  the 
meaaurea  <k  the  sxpanaioni  of  the  one,  aa  of  the  contrae- 
tion*  of  the  other,  reckoning  in  both  caaei  from  that  point 
to  which  the  bodv  waa  adjuated  at  firat.  ■  ii  the  body  whote 
alteration  of  bulk  ia  thua  to  be  meaaured.  Thi*  i*  to  be 
gently  puibed  or  alid  along  toward*  the  narrow  end  till  it  ia 
|o|M  ,,  atopped  by  the  converging  aidea  of  the  canal.     Mr.  Walker, 

lljlr'  to  whom  we   have   Jready  alluded,  luggeata  the  idea  of  a 

I H  metallic  thermometer  which  ahall  embrace  the  medium  be- 

ifl  [,  tween  the  higheat  pointof  the  mercurial  thermometer,  wbieb 

•^^^  terminatea  at  600  degree*,  and  the  loweat  of  Wed^oud'a, 

just  deacribed,  which  cammencea  at  1077  degree*  of  Fabrenr 
.^  compodtion  ia  formed,   not  liable  to  alteration  in  ita  quality 

«r  ouutitr  bT'repeated  eipoauro  to  beat,  the  melting  point  of  which  iaat  a  Uttle 
below  600  degreeTof  Fahrenheit,  and  it*  boiHng  point  at  1200  degree*.  Aewe 
raiembling  in  form  the  glaai  caae  for  the  ordbary  dicrmometer,  but  aomewtat 


|i«iL     A  metallic  < 
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larger,  contains  the  metallic  composition,  and  the  scale  consists  in  a  slender 
graduated  rod,  equal  hi  height  at  the  commencement  of  the  scale ;  thst  u, 
when  the  metaJlic  composition  is  just  liquid  to  the  top  of  the  tube,  the  graduated 
rod  terminating  at  the  bottom  in  a  thin,  circular,  flat  plate,  which  rests  or  flosb 
as  it  were  upon  the  liquid  metal ;  and  in  proportion  as  the  latter  expands  and 
rises  in  the  tube  by  heat,  the  graiduated  rod  is  buoyed  up,  or  raised  tbore  tlie 
top  of  the  tube,  passing  through  a  perforated  cover  to  the  maximum,  or  boiling 
point.  The  thermometer  case  and  graduated  rod  are  formed  of  pipe-maken' 
clay,  previously  prepared  by  having  been  exposed  to  a  sufficient  degree  of  best 
The  scale  of  this  new  thermometer  is  an  exact  continuation  of  the  scale  in  the 
mercurial  thermometers ;  the  lower  degrees  of  the  former  corireeponding  with, 
or  indicating  like,  temperatures  with  the  upper  degrees  of  the  msremiil 
thermometer. 

'*  The  same  principle,"  says  Mr.  Walker,  **  I  might  obsenre,  admits  of  beiiig 
extended,  for  the  purpose  or  ascertaining  the  variation  in  temperature,  op  to  the 
most  intense  heat,  perhaps,  that  can  be  required.  It  is  unnecessaiy  to  state  hert^ 
that  the  influence  of  the  incumbent  atmosphere  upon  the  surface  of  the  liquid 
metal  within  the  open  tube  is  too  inconsiaerable,  even  at  the  commeneeoMSt 
of  the  scale,  to  deserve  notice,  and  at  a  higher  temperature  diminishes  to  no- 
thing ;  especially  if  the  whole  of  the  liquid  contained  in  the  thermometer,  ss 
ought  to  be  the  case  in  every  thermometer,  be  completely  immersed,  or  sofajectcd 
to  the  temperature,  the  degree  of  which  it  is  intended  to  indicate.  A  method 
similar  to  the  above,  I  should  think,  might  be  applicable  to  the  purpose  of 
showing,  in  a  ready  way,  the  degree  of  expansion  in  metals  by  heat;  oat  the 
elongation  of  a  cylinder  of  any  metal,  by  increase  of  teinperatore,  is  much  too 
small  to  admit  of  its  being  a  convenient  measure  of  temperature.  I  should  not 
despair,  however,  availing  myself  of  every  advantage,  vix.,  increasing  the  Itngk 
of  a  metallic  wire,  by  giving  it  a  spiral  form,  in  order  to  comprise  a  oonsidertMe 
length  in  small  compass,  with  the  application  of  the  lever-index,  and  a  good 
magnifier,  upon  coustructiog  a  thermometer  upon  this  principle,  soaatonnder 
the  scale  apparent  even  to  single  degrees ;  usmg  silver  for  the  lower  tempcFir 
tures,  and  platina  for  the  hio^her,  or  employing  iron  wire,  only  up  to  its  olUniate 
point  of  expansion  in  a  solid  state. 

THERMOSTAT.  The  name  given  to  an  instrument  inrented  and  reoentlf 
patented  by  Dr.  Ure,  for  regulating  temperature  in  vaporization,  distiUatioB, 
and  other  processes,  in  which  the  agency  of  heat  is  required.  It  is  effected  bj  io- 
creasing  or  diminishing  the  size  of  the  apertures  through  which  the  calorific 
medium  is  transmitted.  The  nature  of  the  contrivance,  aod  its  mode  of  aetioB, 
will  be  understood  by  reference  to  the  annexed  diagram. 


a 
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a  6,  represent  a  compound  bar,  composed  of  two  flat  pieces  of  metal,  posseviof 
different  powers  of  expansibility  by  tne  same  increase  of  temperature,  luch  a 
iron  and  zinc,  firmly  rivitted  together.  Now,  suppose  the  most  expanvi))^ 
metal,  the  zinc,  placed  on  the  upper  side,  the  compound  bar  will  bend  downviidi 
to  the  position  represented  at  a  V ;  and  by  diminution  of  the  temperstoR, 
below  that  at  wVucVi  tVie  mtUU  wer^  rivetted  together,  a  flexure  in  the  coo- 
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tmry  direction  would  take  place ;  and  thus  a  motion  is  obtained  from  any  change 
of  temperature,  which  may  be  made,  through  the  medium  of  levers,  available  in 
checking  the  cause  of  change,  by  altering  the  size  of  the  opening  through  which 
the  change  was  effected.  Let  c  represent  a  stop-cock,  through  which  steam,  hot 
water,  or  other  fluid  enters,  to  communicate  heat  to  the  vessel  cpntaining  the 
thermostat  a  b,  and  let  c  dhe  a  lever  or  handle,  by  which  the  cock  is  turned, 
joined  to  the  compound  bar,  by  the  connecting-rod  d  b;  also,,  let  the  plug  or 
the  cock  be  so  adjusted,  that  it  shall  be  partially  open  when  the  lever  is  in  the 
position  represented  by  cd;  and  less  open  when  in  the  position  represented  by 
e  tf  ;  then  it  is  evident,  that  any  increase  of  temperature,  beyond  that  to  whicn 
the  instrument  may  have  been  adjusted,  would,  by  causing  the  instrument  to 
bend  downwards,  immediately  dimmish  the  passage,  and  consequently  the  sup- 
ply of  steam,  hot  water,  or  whatever  fluid  may  be  used  for  communicating  heat 
While,  on  the  contrary,  a  diminution  in  the  temperature  would  cause  the  bar  to 
bend  upwards,  and  thus  increase  the  passage  for  the  admission  of  a  greater  quan- 
tity of  the  heating  vapour  or  fluid. 

The  patentee  gives  a  variety  of  examples,  of  the  application  of  his  thermo- 
■tat  for  regulating  the  admission  of  heating  fluids,  as  well  as  for  regulating 
the  ventilation  of  rooms,  public  buildings,  &c*,  some  of  them  displaying  con- 
siderable ingenuity ;  but  they  all  depend  upon  the  principle  above  explained, 
and  therefore  we  have  not  deemed  it  necessary  to  describe  them. 

THIMBLE.  A  metallic  case,  worn  by  tailors  and  sempstresses  upon  the. 
finger,  for  the  purpose  of  pressing  needles  through  the  stuff  in  sewing.  An  in- 
strument, answering  the  same  purpose,  is  worn  by  sailors  and  sail-makers  in  the 
palms  of  their  hands  by  straps  wliich  fasten  it  thereto;  they  are  technically 
called  palms,  and  are  small  circular  plates  of  cast  iron,  indented  ou  the  surface. 
Thimble  is  the  name  also  given  to  circular  rings  of  iron,  hollow  on  the  ouUide, 
lor  a  rope  which  envelopes  it  to  be  securely  imbedded  therein  ;  a  metallic  eye  is 
thus  formed,  for  passing  another  rope  through,  or  hanging  on  to  it  by  a  hook,  a 
tackle  block,  &c. 

THRESHING-MACHINE.  An  apparatus  for  separatmg  the  grain  from  the 
straw.  Machines  for  this  purpose  were  contrived  as  far  back  as  1732 ;  these  were 
considerably  improved  by  Mr.  Andrew  Meikle,  in  1785,  who  took  a  patent  for  his 
improvements,  which  are  described  in  the  "  Repertory  of  Arts."  Since  that  time 
they  have  undergone  various  ameliorations ;  and  the  construction  of  those  which 
Are  mostly  employed  at  the  farm-houses,  may  be  brieflv  described  as  consisting 
of  three  rotatative  drums  or  cylinders ;  around  the  first  which  comes  into  operation 
are  a  series  of  arms,  or  beaters,  which  are  made  to  revolve,  and  thereby  strike 
the  com  (supplied  underneath  them  by  feeding  rollers,)  with  great  rapidity. 
Hence  the  thereshed  com  is  carried  on  by  the  motion  of  the  feed  rollers,  to  two 
successive  straw  shakers,  which  consist  (as  before  mentioned)  of  a  rotative  frame, 
armed  with  numerous  spikes,  that  lift  up  and  shake  the  straw,  so  as  to  force  from 
amongst  it  the  grain,  and  allow  it  to  fall  through  a  grated  floor,  into  a  large  hop- 
per beneath.  From  this  hopper  the  com  is  conducted  to  another  receptacle,  and 
m  its  passage  winnowed  by  umners  driven  with  great  velocity,  that  separate  the 
chftflT,  by  blowing  it  away  into  another  receptacle.  Of  course  the  power  by 
which  such  machines  are  driven  depends  upon  local  circumstances  ;  but  in 
general  a  horse-wheel  is  employed,  worked  by  the  united  force  of  three  horses ; 
the  horse- wheel  is  mounted  with  a  large  horizontal  wheel,  which  drives  a  pinion 
on  the  main  shall  of  the  threshing-machine ;  and  the  main  shaft,  by  suitable 
gear,  gives  motion  at  the  requisite  velocities  to  the  parts  we  have  described. 

TIDE.  A  regular  periodical  current  of  water,  setting  alternately  in  a  flux 
and  reflux,  and  generally  considered  to  be  prdduced  by  the  influence  of  the 
moon.  The  sagacious  Locke,  in  describing  the  theor}'  of  the  tides,  observes, 
*'  that  motion  of  the  water  called  the  tides,  is  a  rising  and  falling  of  the  sea  ; 
the  cause  of  this  is  the  attraction  of  the  moon,  whereby  the  part  of  the  water 
in  the  great  ocean,  which  is  nearest  the  moon,  being  most  strongly  attracted,  is 
raised  higher  than  the  rest ;  and  these  two  opposite  elevations  of  the  surface  of 
the  water  in  the  great  ocean,  following  the  motion  of  the  moon  from  east  to 
west,  and  striking  against  the  large  coasts  of  the  continents,  from  thence 
rebound  back  again,  and  so  make  floods  and  ebbs  in  narrows,  seas,  and  rivers. 
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TIDE-MILLS.  Are  mill*  or  uit  kind  or  machineiy  movad  hj  th«  ebbing 
and  flowing  of  tbe  Lde.  Mills  of  thii  kind  are  not  veiy  common,  on  account 
of  the  great  expeme  of  their  conitniction ;  but  in  ■iliutioni  wliere  the  tide 
riiei  to  a  coniiderable  height,  and  where  (be  fuel  required  for  a  steam-eDgina 
i«  high,  end  the  liiit  cott  can  be  me^  tide-milU  nu;  be  veiy  advantageouiij 
conetructed. 

'  "Hie  origin  of  tide-milli  in  thii  countrjr  doei  not  appear  to  be  recorded ;  bat 
the  able  Belidor  aicrihea  the  invention  to  a  matter-carpenter,  at  Dunkirk,  of 
the  name  of  Fene.  Milll  to  be  worked  bj  the  rinng  or  falling  of  the  tide, 
admit  of  great  variety  in  the  csiential  parti  of  their  conitructiou  ;  but  thii 
variety,  Dr.  Oregary  obierrei,  may  be  reduced  to  four  genera]  headi,  according 
to  the  manner  of  action  of  the  water-wheel,  lit,  tbe  water-wheel  may  turn 
one  way  when  the  tide  riset,  and  the  contcvcy  when  it  falli.  2d,  the  water- 
wheel  maj'  be  made  to  turn  alwayi  in  one  direction.  3d,  the  watet^wheei  may 
riie  and  fill,  ai  the  tide  ebbs  and  flow].  4th,  the  axle  of  the  vaier-wbeel  may 
be  ao  filed  ai  (hat  it  shall  neither  rise  nor  full,  though  the  totaiy  motion  ihaU 
be  given  to  the  wheel,  while  at  one  time  it  is  only  partly, at  anouier  completely 
immened  in  (he  fluid. 

Some  very  ingenious  suggestions  for  the  construction  of  a  tide-mill  appeared 
■ome  time  since  in  a  scientific  journal,  in  which  the  arrangement*  differ  in  some 
etteniiol  respects  from  those  apparently  contemplated  in  Dr.  Grei;orj's  clauiG' 
cation.     We  shall  insert  the  deaciiption  in  the  author's  own  words. 


In  this  plan,  "  the  water  is  compelled  to  flow  in  and  out  of  a  basin,  in  nich 
•  manner,  (hat  the  greatest  force  aball  be  obtained  from  iti  enrrent,  and  the 
annexed  diagrams  in  introduced  to  illustrate  the  following  explanation." 

Fig.  1  repreMttts  a  perpendicular  projection  of  the  principal  uarta  on  a  plane, 
■opposed  to  he  drawn  longitudinally  and  vertically  through  the  centre  of  the 
work,  h  V  ibow  the  reipectire  heights  of  tbe  water,  on  each  side  of  the  flood- 
gate (  /  tha  fiusbes,  i  on  b'l  nide,  and  k  on  c't,  are  suppoied  to  be  o^n,  and 
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the  parta,  tbe  w&ter  u  flowing  ftom  the  basin 

F^.  2  npreienta  &  perpnidicular  prqjectioD  of  the  priDcipat  narli  on  a  planr, 
ippoMd  to  be  drawn  Utitudhiall;  and  vertically  throngn  ue  centre  of  the 

ftg.  2- 


into  the  MB. 

Fff.  2  repreienta  a  perpendicular  projection  of  the 


work.    Jt  ibow*  the  \e'nA  of  die  wtt«r  when  flowing  iVom  tbe  represeatad  side ; 


...e  »e«n,  ■  beinf  closed,  and  k  open.     An  objection  may  ariie  horn  the 

Tuiation  of  the  quaotitT  of  water  at  the  ipring  and  neap  tides.  To  connteract 
thi*,  Uia  Hnab  I  a  Introdiieed  Into  the  flood-gata  i,  whicn  mnr  be  opened  and 
closed  according  a«  there  i«  a  redundancy  or  deficiency  of  water:  ihii  may 
eitber  be  tfllBcted  by  centrifugal  balli,  or  by  the  attention  of  the  individual  wbo 
takae  car*  at  the  work*.    It  ibouU  be  entirdy  opened  when  the  mill  ie  not 

AJlhoDgh  thia  plan  ie  more  particularly  adapted  for  harbonrt  and  the  tideway 
of  riven,  yet  there  are  few  parti  of  the  coaat  on  which  tuch  a  mill  miglit  not  be 
eonatmcted.  If  it  b«  on  a  laady  beach,  a  large  wooden  tunnel  should  be  laid 
down  at  tbe  loweit  tide  level,  in  order  to  introduce  water  upon  the  flood-gate. 
The  baain  had  better  be  eoMtrneted  of  wood,  ai  then  the  lidei  of  it  may  be 
Teitic*l,  which  is  of  great  advantage,  to  produce  a  H*%  variable  current ;  but  it 
■u^  be  excavated,  and  lined  with  ctsy,  which  thould  be  covered  over  with 
shingles,  in  order  to  prevent  the  clay  from  being  washed  off.  If  it  be  on  arocfcy 
tomi,  and  as  bsKire  exposed  to  a  turf,  there  sfaonld  be  a  small  tunnel  excavate^ 
(■•  ^own  ^  dotted  hnee  at  (.)  lie  basin  in  this  case  ie  easily  formed ;  I 
•OBJeetura  that  an  excavation  of  the  capacity  of  one  of  our  (jrat-rale  thipe,  and 
about  12  feet  deep,  would  contain  water  enough  to  two  pair  of  stones  for  a 
grist-niU. 

a  a  is  tbe  floating  mill,  of  which  tbe  form  of  a  ground  plan  ia  as  Fig  i.     It 
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has  angular  ends  for  two  reasons ;  let,  because  the  building  may  be  more  ettfly 

constructed  in  this  manner,  to  bear  the  pressure  on  the 

sheaves  yy;  and  2dly,  in  order  to  ^ve  a  proper  direction 

to  the  water,  b  is  the  excavated  basin  ;  c  the  sea  or  harbour ; 

«  the  soil ;    9  the  flood-gate  attached   to  the   mill,  and 

moving  up  and  down  with  the  tide ;  j,  the  watei^wheel ; 

f  t  flushes  for  introducing  water  on  the  wheel ;  k  k  ditto,  for 

letting  it  off;  /  ditto,  for  regulating  tlie  influx   of  water 

according  to  the  strength  of  tne  tide  ;  </,  the  channel  cut  in 

the  sides  of  the  wall,  and  sunk  below  low-water  mark, 

according  to  the  rise  and  faU  of  tlie  tide  above,  into  which  are  inserted  small 

sheaves  working  on  an  iron  plate  placed  on  the  flood-gate,  in  order  to  reduce 

the  friction ;  //  are  vertical  beams  of  timber,  supported  by  pieces  o  o,  thrown 

across  the  passage  horizontally  and  diagonally,  with  respect  to  the  beam  itself, 

for  the   purpose   of  bearing  the  horizontal  pressure  of  the  building  on   the 

sheaves  g  g^  which  pressure  takes  place  on  each  beam  alternately,  wiui  the  rise 

and  fall  of  the  tide ;  «  e  are  doors,  the  upper  one   may  receive  the  com  or 

materials  when  the  mill  is  at  a  proper  level,  and  the  lower  one  discharge  the 

same  when  in  a  convenient  situation  ;  leather  is  placed  in  the  joints,  in  such  a 

manner  as  to  prevent  the  water  from  getting  through  between  the  slide  and 

flood-gate.  There  are  two  water-wheels,  in  order  that  the  pressure  dn  the  grooves 

d  d  may  be  less  partial. 

A  tide-mill  was  erected  at  East  Greenwich,  on  the  right  bank  of  the 
Thames,  under  the  direction  of  Mr.  John  Lloyd,  an  engineer  of  Westminster, 
of  which  the  following  will  convey  an  idea :  the  details  are  given  by  Dr.  Gregory 
in  his  Mechanics^  vol.  ii. 

This  mill  is  intended  to  grind  corn,  and  works  eight  pair  of  stones.  The 
side  of  the  mill-house  parallel  to  the  course  of  the  river,  measures  40  feet 
within ;  and  as  the  whole  of  this  may  be  opened  to  the  river  by  sluice- 
gates, which  are  carried  down  to  the  low-water  mark  in  the  river,  there  is  a  40 
feet  water-way  to  the  mill ;  through  the  water-way  the  water  presses  during 
the  rising  tide  into  a  large  reservoir,  which  occupies  about  four  acres  of  land  ; 
and  beyond  this  reservoir  is  a  smaller  one,  in  whicn  water  is  kept,  for  the  purpose 
of  being  let  out  occasionally  at  low  water  to  cleanse  the  whole  works  from  mud 
and  sediment,  which  would  otherwise,  in  time,  clog  the  machinery. 

The  water-wheel  has  its  axle  in  a  position  parallel  to  the  side  of  the  river, 
that  is,  parallel  to  the  sluice-gates  which  admit  water  from  the  river ;  the  length 
of  this  wheel  is  26  feet,  its  diameter  1 1  feet,  and  its  number  of  float-boards  32. 
These  boards  do  not  each  run  on  in  one  plane  from  one  end  of  the  wheel  to  the 
other,  but  the  whole  length  of  the  wheel  is  divided  into  four  equal  portioni,  and 
the  parts  of  the  float-boards  belonging  to  each  of  these  portions  fall  midually 
one  lower  than  another,  each  by  one-fourth  of  the  distance,  from  one  DOard  to 
another,  measuring  on  the  circumference  of  the  wheel. 

This  contrivance  is  intended  to  equalize  the  action  of  water  upon  the  wheel, 
and  prevent  its  moving  by  jerks.  The  wheel,  with  its  incumbent  apparatus, 
weighs  about  20  tons,  the  whole  of  which  is  raised  by  the  impulse  of  the  flowing 
tide,  when  admitted  through  the  sluice-gates.  It  is  placed  in  the  middle  of  the 
watei^way,  leaving  a  passage  on  each  side  of  about  six  feet,  for  the  water  to 
flow  into  the  reservoir,  besides  that  which,  in  its  motion,  turns  the  wheel  round. 
Soon  after  the  tide  has  risen  to  the  highest,  (which  at  Uiis  mill  is  often  20  feet 
above  the  low  water-mark,)  the  water  is  permitted  to  run  back  again  from  the 
reservoir  into  the  river,  and  by  this  means  it  eives  a  rotary  motion  to  the 
water-wheel  in  a  contrary  direction  to  that  with  which  it  moyed  when  impelled 
by  the  rising  tide. 

TILES.  Plates  of  red  earthenware,  used  for  the  coverings  of  buildings,  alio 
for  paving  and  other  purposes.  They  are  made  of  the  better  kind  of  brick- 
maker's  clay,  washed  ftte  nota  stones  and  other  foreign  matter ;  then  moulded 
of  various  forms  according  to  the  purposes  required,  and  baked  in  kihis. 

TILLER.  The  bar  or  lever  employed  to  turn  the  rudder  in  floating  veiad^ 
for  the  purpose  of  steering. 
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TILT.  The  awning  or  canopy  spread  over  boats,  waggoni,  and  other 
equipages. 

TiLT-HAMMER.  A  large  heavy  hammer,  worked  by  machinery.  See 
Ieon. 

TIME.  According  to  Mr.  Locke,  is  **  the  measure  Of  duration.**  "  We  acquire 
our  notions  of  time,"  says  Dr.  Robison,  "  by  our  faculty  of  memory,  in  observing 
the  succession  of  events.  Time  is  conceived  by  us  as  unbounded^  continuous, 
homogeneous,  unchangeable  in  the  order  of  its  parts,  and  divisible  without  end. 
The  boundaries  between  successive  portions  of  time  may  be  called  instants,  and 
minute  portions  of  it  may  be  called  moments.  Time  is  conceived  as  a  proper 
quantity,  made  up  of,  and  measured  by,  its  own  parts.  In  our  actual  measure- 
ments we  employ  some  event,  which  we  imagine  always  to  require  an  equal 
time  for  its  accomplishment;  and  this  time  is  employed  as  a  unit  of  time 
or  duration,  in  the  same  manner  as  we  employ  a  foot-rule  as  a  unit  of  exten- 
•ion.  As  often  as  this  event  is  accomplished  during  some  observed  operation, 
so  often  do  we  imagine  that  the  time  of  the  operation  contains  this  unit  It  is 
thus  that  we  affirm  that  the  time  of  a  heavy  Dody  falling  144  feet  is  thrice  as 
great  as  the  time  of  falling  16  feet ;  because  a  pendulum,  39A  inches  long,  makes 
three  vibrations  in  the  first  case,  and  one  in  the  last."  "  1  nere  is  an  analogy," 
says  our  learned  author,  "  between  the  affections  of  space  and  time,  so  obvious, 
that  in  most  languages  the  same  words  are  used  to  express  the  affections  of 
both.  Hence  it  is  that  time  may  be  represented  by  lines,  and  measured  by  mo- 
tion ;  for  uniform  motion  is  the  simplest  succession  of  events  that  can  be  con- 
ceived." This  further  analogy  also  occurs  between  time  and  space,  namely, 
that  as  in  space  all  things  are  placed  in  the  order  of  situation,  so  in  time  all 
events  occur  in  the  order  of  succession.  (See  Elements  of  Mechanical  Philo- 
sophy, by  John  Robison,  LL.D.,  Vol.  I.)  Like  place,  time  may  also  be  dis- 
tinguished into  absolute  and  relative.  Abtolute  time  is  time  considered  in  itself, 
without  any  relation  to  bodies  or  their  motions.  Relative,  or  apparent  time,  is 
the  sensible  measure  of  any  duration  by  means  of  motion.  Time  is  also  astro- 
nomical, or  civil.  Astronomical  time  is  that  of  which  the  computation  and 
measure  depend  solely  on  the  motion  of  the  heavenly  bodies.  Civil  time  is 
astronomical  time  modified,  and  accommodated  to  the  purposes  of  civil  life. 

TIME-KEEPER.     An  instrument  for  measuring  time.     See  Horology. 

TIN.  A  metal  of  a  white  colour,  intermediate  between  silver  and  lead.  It 
is  considerably  harder  than  lead ;  scarcely  at  all  sonorous ;  very  malleable,  being 
capable  of  extension,  under  the  hammer,  to  about  a  two-thousandth  part  of  an 
inch  in  thickness.  The  ordinary  tinfoil  is  about  a  one-thousandth  part  of  an 
inch  thick.  Tin  has  a  slight  unpleasant  taste,  and  emits  a  peculiar  smell  when 
rubbed.  Specific  gravity^  7.291.  It  is  very  flexible,  producing  a  remarkable  crack- 
ling noise  when  bendea^  the  loudness  of'^which  is  a  common,  though  not  very  ac- 
curate test  of  its  purity.  Tin  melts  at  442^  Fahr. ;  when  fresh  cast,  or  fresh 
scraped,  it  is  very  brilliant,  but  it  gradually  loses  its  lustre  by  exposure  to  the  air, 
and  acquires  a  grevish-white  tint,  which'  does  not  sensibly  change.  Like  lead, 
when  heated  nearly  to  fusion,  it  is  brittle,  and  may  be  easily  broken  up  by  a 
hammer,  when  it  exhibits  a  grained  or  fibrous  texture.  It  may  also  be  reduced 
to  powder  by  agitation,  at  the  period  of  its  transition  from  the  solid  to  Uie  fluid 
sUte. 

There  are  several  kinds  or  qualities  of  tin.  The  Cornish  block  tin  is  usually 
in  blocks  of  about  three  cwt  each ;  which  are,  however,  run  into  smaller  masses, 
of  30  or  40  lbs.  each,  for  the  convenience  of  trade.  The  common  block  tin  is 
eontaminated  with  a  minute  quantity  of  other  metals,  generally  copper,  to  *he 
extent  of  about  a  thousandtn  part  "  Refined  block-tin  "  is  in  blocks  of  tin 
melted  mto  long  narrow  sticks,  of  a  few  ounces  each.  The  "  grain  tin"  is  the 
purest  of  the  several  English  kinds,  being  obtained  from  the  pure  oxide  of  tin 
of  the  steam-works  of  Cornwall.  It  is  first  cast  into  blocks  of  about  1 20  lbs.  each, 
and  afterwards  melted,  so  as  to  separate  it  into  fragments  resembling  rocks ; 
which  is  produced  by  letting  the  metal  fall,  when  barely  fluid,  from  a  great 
height.  The  tin  imported  ftom  the  East  Indies,  particularly  Malacca,  is  es- 
teemed very  pure,  and  considered  the  best  for  organ  pipes,  and  some  other  uses. 
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The  tin  ore  of  Cornwall,  obtained  from  the  minet,  u  atampftd  to  redqee  it 
into  fragments,  then  washed,  to  separate* the  earthy  matter,  and  afterwards 
roasted  in  a  reverberating  furnace  ;  which  process  is  repeated  until  the  assay 
shows  it  to  contain  at  least  half  of  its  weight  of  metal,  when  it  is  sold  to  the 
smelters.  In  this  state  it  is  mixed  with  culm  and  slaked  lime,  well  moistened, 
and  then  smelted  in  a  reverberating  furnace,  capable  of  reducing  about  7  ewt. 
at  a  time.  A  dven  weight  of  tin,  produced  from  Cornish  ore,  consumes  about 
double  its  weight  of  coal  in  the  operations  of  roasting  and  smelting.  Between 
three  and  four  thousand  tons  of  tin  are  produced  annuaBy  from  the  miaef  of  Corn- 
wall. Chaptal  savs,  that  if  tin  be  kept  in  fusion  in  a  lined  cmoibley  and  the 
surface  be  covered  with  a  quantity  of  charcoal,  to  prevent  its  calcinatioii,  the 
metal  becomes  whiter,  more  sonorous,  and  harder,  provided  the  fire  be  kept  up 
for  eight  or  ten  hours. 

Mercury  dissolves  tin  with  great  facility,  and  in  all  proportions.  To  make 
this  combination,  heated  mercury  is  poured  on  melted  tin ;  the  consistence  of 
the  amalgam  differs  according  to  the  relative  proportions  of  the  two  metals. 

Nickel,  united  to  tin,  forms  a  white  and  brilliant  mass.  Half  a  part  of  tin, 
melted  with  two  parts  of  cobalt,  and  the  same  quantity  of  muriate  or  soda,  fiu^ 
nished  Beaume  with  an  alloy  in  small  close  grams  of  a  light  violet  colour.  Equal 
parts  of  tin  and  bismuth  form  a  brittle  alloy,  of  a  medium  colour  between  the 
two  metals,  and  the  fracture  of  which  presents  cubical  facets. 

Zinc  unites  perfectly  with  tin,  and  produces  a  hard  metal,  of  a  dose-grained 
fracture ;  its  ductility  mcreases  with  the  proportion  of  tin. 

Antimony  and  tin  form  a  white  and  briUiant  alloy,  which  is  distinguished 
from  other  alloys  of  tin  by  its  possessing  a  less  specific  gravity  than  either  of 
the  two  metals  by  which  it  is  formed. 

In  combining  arsenic  with  tin,  precautions  must  be  taken  to  prevent  the 
arsenic  from  escaping  by  volatilization.  Three  parts  of  tin  may  be  put  into  a 
retort,  with  one-eighth  part  of  arsenic  in  powder ;  fit  on  a  receiver,  and  make 
the  retort  red  hot ;  very  little  arsenic  rises,  and  a  metallic  lump  is  found  at  the 
bottom,  containing  about  one-fifteenth  part  of  arsenic ;  it  crystallizes  in  large 
facets,  is  very  brittle,  and  hard  to  melt 

If  tin  be  kept  in  fusion  with  access  of  air,  ite  surface  is  speedily  covered  with 
a  ffreyish  pellicle,  which  is  renewed  as  fast  as  it  is  removed.  If  this  grey 
oxide  be  pulverized  and  sifted,  to  separate  the  uncalcined  tin,  and  calcined  again 
for  several  hours,  under  a  mufile,  it  becomes  the  yellow  oxide  of  tin,  called  among 
artizans^n^y  oftirif  and  extensively  used  in  polishing  of  glass,  steel,  and  other 
hard  bodies. 

A  white  oxide  of  tin  is  used  in  forming  the  opaque  kind  of  glass  caUed  enamel 
This  composition  is  made  by  calcining  100  parts  of  lead  and  30  parts  of  tin,  in 
a  furnace,  and  then  fluxing  these  oxides  with  100  parts  of  sand,  and  20  of  potass. 
This  enamel  is  white,  and  is  coloured  with  metallic  oxides. 

All  the  mineral  acids  dissolve  tin,  and  it  may  be  precipitated  from  its  solu- 
tions by  potass  ;  but  an  excess  of  potass  will  re-disiBolve  the  metal.  Nitro- 
muriate  of  gold  is  a  test  of  tin  in  solution,  with  which  it  forms  a  fine  piu|de 
precipitate,  ^ 

The  sulphuric  acid  dissolves  tin,  whether  concentrated  or  diluted  with  water; 
part  of  the  acid  is  decomposed,  and  flies  off  in  the  form  of  sulphurous  acid  eta. 
Heat  accelerates  the  effect  of  the  acid.  Tin,  dissolved  in  the  sulphiuic  aeid,  is 
very  caustic. 

The  solution  of  tin  in  the  nitric  acid  is  performed  with  astonishing  rapidity, 
and  the  metiJ  is  precipitated  almost  instantly  in  the  form  of  a  white  oxioe.  If 
this  acid  be  loaded  with  all  the  tin  it  is  capable  of  c^cining,  and  tlie  oxide  be 
washed  with  a  considerable  quantity  of  distilled  water,  a  salt  may  be^obtained 
by  evaporation,  which  detonates  alone  in  a  crucible  well  heated,  and  bums  with 
a  white  and  thick  flame,  like  that  of  phosphorus.  The  nitric  acid  holds  but  a 
very  small  quantity  of  tin  in  solution,  and  when  evaporated  for  the  purpose  ef 
obtaining  crystals,  the  dissolved  portion  quioklv  precipitates,  and  the  acid 
remains  nearlv  in  a  sUte  of  purity.  Nitric  acid,  much  diluted,  holds  rather 
more  tin  in  solution,  but  lets  it  fall  by  standing,  or  by  the  application  ef  heat 
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Tbe  muriatic  acid  ditiolvet  tin.  whether  cold  or  hot,  dikttd  or  concentrated. 
If  fuming,  and  aasisted  by  a  gentle  heat,  the  addition  of  the  tin  instantly  eauies 
it  to  lose  its  colour  and  property  of  emitting  fumes,  and  a  slight  effervescence 
takes  place.  The  acid  dissoives  more  than  half  its  weight  of  tin ;  the  solution 
is  yellowishy  of  a  fetid  smeU,  and  afibrds  no  precipitate  of  oxide,  like  the  sul- 
phuric and  nitric  acids. 

The  ozv-muriatic  acid  dissolves  tin  very  readily,  and  without  effervescence, 
because  the  metal  quickly  absorbs  the  superabundant  oxygen  from  the  acid^  and 
reauires'oo  decomposition  of  the  water  to  effect  its  oxidation. 

Nitro-muriatic  acid,  made  with  two  parts  of  nitric  acid,  and  one  of  muriatic 
add,  dissolves  tin  with  effervescence.  It  is  the  solution  of  tin  in  this  acid  which 
tlie  dvers  employ  to  heighten  the  colour  of  their  scarlet  dyes.  It  is  prepared 
by  aoding  small  portions  at  a  time,  of  tin,  to  the  common  aquafortis  of  com- 
merce :  when  the  appearance  of  oxide  is  observed  at  the  bottom  of  the  jar, 
muriate  of  soda  is  added,  by  which  its  solution  is  effected.  If  the  colour  un- 
parted  by  this  solution  is  not  bright,  a  little  nitrate  of  potass  is  added  to  it 

The  acetous,  and  most  other  vegetable  acids,  have  some  action  upon  tin,  par- 
ticulariy  when  aided  by  a  gentle  heat;  but  the  solutions  thus  obtamed  are  not 
used  in  the  arts.  Tin  decomposes  the  corrosive  muriate  of  mercury.  It  is  for 
this  purpose  amalgamated  witn  a  small  portion  of  mercury  and  this  amalgam, 
beii^  first  triturated  in  a  mortar  with  the  corrosive  muriate,  the  mixture  is  then 
distmed  by  a  gentle  heat  A  colourless  liquor  first  passes  over,  and  is  followed 
by  a  thick  white  vapour,  which  issues  with  a  kind  of  explosion,  and  covers  the 
internal  surface  of^the  receiver  with  a  very  thin  white  crust  The  vapour 
becomes  condensed  into  a  transparent  liquor,  which  continually  emits  a  thick, 
white,  and  very  abundant  fume.  It  was  formerly  called  the  juminff  Ufuor  tf 
JLibavuiMf  and  is  the  combination  of  the  muriatic  acid  and  tin. 

Tin  has  a  strong  affinity  for.  sulphur ;  the  sulphuret  of  tin  may  be  formed  by 
fusing  the  two  sulMtances  together :  it  is  brittle,  tieavier  than  tin,  and  not  fusible. 
It  has  a  blueish  colour,  a  lamellated  texture,  and  is  capable  of  crystallizing. 

The  white  oxide  of  tin  combines  with  sulphur,  and  forms  a  compound  called 
iturum  tnunmimf  or  mosaic  gold,  which  is  much  used  for  giving  to  plaster-of- 
Paris  the  resemblance  of  bronze,  and  improving  the  appearance  of  bronze  itself. 
It  is  also  occasionally  used  to  increase  the  effects  of  electrical  machines.  See 
AuauM  MusivuM. 

Tin  possesses  the  property  in  a  remarkable  degree  of  promoting  the  fusibility 
of  other  metals^  with  which  it  is  mixed.  Two  parts  of  lead,  and  one  of  tin, 
which  forms  the  best  plumber's  solder,  melt  at  a  temperature  of  little  more  than 
300*  Fahr. ;  although  the  melting  point  of  tin  alone  is  440*,  and  that  of  lead 
612**  One  part  ol  tin,  and  two  of  lead,  which  forms  the  inferior  plumber's 
solder,  melt  at  a  lower  temperature  than  the  first-mentioned  proportions,  not- 
withstandiuff  the  increased  quantity  of  the  less  fusible  metal.  Eight  parts  of 
bismuth,  (which  melts  per  se  at  480o,)  five  of  lead,  and  three  of  tin,  fuse  at  a 
heat  below  that  of  boHing  water.  It  is  this  alloy  of  which  tea-spoons  are  some- 
times made,  to  surprise  uose  who  are  ignorant  of  their  nature,  by  their  meltiug 
in  a  cup  of  hot  tea. 

The  uses  of  tin  are  so  very  numerous,  and  so  well  known,  as  not  to  need 
detailing.  We  shall  advert  to  only  a  few ;  viz.  the  fabrication  of  boilers  and 
kettles  rar  dyers'  use ;  the  worms  of  stills ;  the  drawing  of  pipes,  (erroneously 
called  pewter)  for  gas  conduits,  for  beer,  wine»  vinegar,  and  other  acetous  liquids, 
which  nave  no  action  upon  pure  tin:  if  the  tin  were  alloyed,  it  could  not  be 
drawn  into  sound  pipes.  Tm  forms  the  principal  ingredient  in  pewter  of  all 
qualities,  and  enters  largely  into  the  greater  part  of  the  white  alloys  in  sudi 
extausive  use.  Immense  quantities  of  tin  are  used  in  the  fabrication  of  tinned 
iron  plates^  improperly  called  tin-plates.  We  may  also  here  notice  a  new  and  most 
important  application  of  this  pure  metal,  (under  a  patent  granted  to  Mr.  John 
Warner,  jun.  founder,  &c.,  of  Cripplegate,  London,)  whicli  is  that  of  giving  a 
perfect  and  beautiful  coat  of  tin  to  lead  pipes,  which  thus  possess  tlie  valus^le 
qualities  of  both  metals;  viz.  the  cheapness  and  flexibility  of  lead,  and  the 
purity  and  indestructibili^  of  tin. 
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TINNING.  The  art  of  covering  any  metal  with  a  thin  coating  of  tin. 
Copper  and  iron  are  the  metals  most  commonly  tinned.  The  use  of  tinning 
these  metals  is  to  prevent  them  from  being  corroded  by  rust,  as  tin  is  not  lo 
easily  acted  upon  by  the  air  or  water,  as  iron  and  copper  are.  What  are  com- 
monly called  tin-plates,  or  sheets,  so  much  used  for  utensils  of  vanoos  kinds, 
are,  in  fact,  iron  plates  coated  with  tin.  The  principal  circumstance  in  tfie  sit 
of  tinning  is,  to  have  the  surfaces  of  the  metal  to  be  tinned  perfectihr  dein  and 
free  from  rust,  and  also  that  the  melted  tin  may  be  perfectly  meteJDue,  and  not 
covered  with  any  ashes  or  calx  of  tin.  When  iron  plates  are  to  be  tinned,  dkey 
are  first  scoured,  and  then  put  into  what  is  called  a  pickle,  which  is  solphorie 
acid  diluted  with  water;  this  dissolves  the  rust  or  oxide  that  was  left  after 
scouring,  and  renders  the  surface  perfectly  clean.  They  are  then  again  waslted 
and  scoured.  They  are  now  dipped  in  a  vessel  full  of  melted  tin,  the  surface  of 
which  is  covered  with  fat  or  oil,  to  defend  it  from  the  action  of  the  air.  By  thb 
means,  the  iron  coming  into  contact  with  the  melted  tin  in  a  perfectly  metallic 
state,  it  comes  out  completely  coated.  When  a  small  quantity  of  iron  only  it  to 
be  tinned,  it  is  heated,  and  the  tin  rubbed  on  with  a  piece  of  doth,  or  some 
tow,  having  first  sprinkled  the  iron  with  some  powdered  resin,  the  use  of  vhidi 
is  to  reduce  the  tin  that  may  be  oxidated.  Any  inflammable  substance,  as  oil 
for  instance,  will  have  in  some  degroe  the  same  effect,  which  is  owing  to  their 
attraction  for  oxygen.  Sheets  of  copper  may  be  tinned  in  the  same  manner  ai 
iron.  Copper  boners,  saucepans,  ana  other  kitchen  utensilg,  are  tinned  sfUr 
they  are  made.  They  aro  first  scoured,  then  made  hot,  and  the  tin  rubbed  oa 
as  before  with  resin.  Nothing  ought  to  be  used  for  this  purpose  but  pure  gnm 
tin ;  but  lead  is  frequently  mixed  with  the  tin,  both  to  adulterate  its  onalirf, 
and  make  it  lie  on  more  easily ;  but  it  is  a  very  pernicious  practice,  ana  ooglit 
to  be  severely  reprobated. 

TITANIUM.  A  new  metal  discovered  by  the  Rev.  Mr.  Gregor,  in  the 
beginning  of  the  present  century,  in  Cornwall.  Klaproth  subsequenUy  found  it 
in  the  red-shorl  of  Himgary,  and  gave  it  the  name  of  titanium.  Lampadim 
was  the  first  who  completely  reduced  it,  which  he  effected  by  charcoal  only. 
The  metal  was  of  a  dark  copper  colour,  with  much  brilliancy,  brittle,  and  in 
small  scales  considerably  elastic.  It  tarnishes  in  the  air,  and  is  easily  oxidised 
by  heat :  it  then  acouires  a  purple  tint  It  detonates  with  nitre,  and  is  infusible. 
All  the  mineral  acios  act  upon  it  with  great  energy.  According  to  VauqneHn, 
it  is  volatilized  by  intense  heat. 

TOBACCO.  The  dried  leaves  of  a  foreign  poisonous  plant,  most  exten- 
sively cultivated  in  many  parts  of  the  world,  to  ramish  a  speciet  of  aliment  to 
the  depraved  tastes  of  a  large  portion  of  the  human  race. 

Tobacco  is  a  potent  narcotic,  and  also  a  strong  stimulus,  and  in  small  doses  prorei 
violently  emetic  and  purgative.  The  oil  is  remarkable  for  its  extreme  mal^ 
nancy,  and  when  applied  to  a  wound,  is  said,  by  Redi,  to  be  aa  fiital  astbe  poisoD 
of  a  viper.  The  decoction,  smoke,  and  powder  are  used  in  agriccdture  to  destro? 
insects. 

Tobacco  being  cultivated  for  the  leaves,  it  is  an  object  to  render  diete  as  large 
and  also  as  numerous  as  possible,  and  therefore  the  most  fertile  aoil  b  pfeferrcd. 
It  is  very  sensible  to  frost  The  plants  are  raised  on  beds,  emrlj  in  snring,  and 
when  they  have  acquired  four  leaves,  they  are  planlted  in  the  fields,  in  veil 
prepared  earth,  about  three  feet  distant  every  way.  Every  mnmiit|r  md  eveniag 
the  plants  require  to  be  looked  over,  in  order  to  destroy  a  worm  iduch  sofoe- 
times  invades  the  bud.  When  four  or  five  inches  hif h,  they  are  moulded  up. 
As  soon  as  they  have  eight  or  nine  leaves,  and  are  ready  to  put  forth  a  stalk,  the 
top  is  nipped  off,  in  order  to  make  the  leaves  larger  and  thicker.  After  this 
the  buds^  which  sprout  f^om  the  axils  of  the  leaves,  are  all  plucked;  and  not  a 
day  is  suffered  to  pass  without  examining  the  leaves,  to  destroy  a  large  cate^ 
pillar,  which  is  sometimes  very  destructive  to  them.  When  they  are  fit  for 
cutting,  which  is  known  by  the  brittleness  of  the  leaves,  they  are  cut  with  a 
knife,  close  to  the  grouna;  and,  after  laying  some  time,  are  carried  to  the 
drying  shed,  where  the  plants  are  hung  up  by  pairs,  upon  Hues,  having  a  tfta 
between,  that  they  may  not  touch  one  another.     In  tnia  atate  they  remato  tp 
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■WBMt  uid  dry  {  when  [wrfectty  dry,  the  leaves  are  itripped  fVom  the  lUlka,  and 
nude  into  imaJl  bundlei,  lied  with  one  of  the  leavea.  These  hundles  are  laid 
in  beapa,  and  covered  with  blankets.  Care  ia  taken  not  to  overheat  them,  for 
which  reason  the  heaps  are  laid  open  to  the  air  from  time  to  time,  and  spread 
abroad.  This  operation  is  repeated  till  no  more  heat  is  perceived  in  the  heapa, 
■nd  the  tobacco  is  then  stowed  in  casks  for  exportation. 

In  the  manufacture  of  tobacco,  the  leaves  are  first  cleansed  of  any  earth, 
dirt,  or  decayed  parts;  next,  they  are  slightly  moistened  with  saltand  water,  or 
water  in  which  salt  and  other  ingredients  have  been  diasolved  according  to  the 
taate  of  the  fabricator.     This  liquor  is  called  tobacco  lauci. 

The  next  operation  is  to  remove  the  mid-rib  of  the  leaves,  which  is  reserved 
to  be  dried  and  ground  for  snuSl     The  leaves  are  then  manufactured  into  a 


•moking  with  pipes,  or  chewing.  The  machine  by  which  the  latter  operation 
ia  conducted  is  a  very  cfTective  instrument,  a  knife  being  made  to  alternate 
vertically  between  grooves,  with  very  great  rapidity,  while  the  tobacco  leaves, 
confined  in  a  channel,  are  gradually  moved  forward  by  a  regulated  quanti^  of 
■notion  under  the  operation  of  the  knife,  by  which  the  shreds  are  uniformly  cut 
of  any  required  thickness. 

A  patent  for  an  improvement  in  the  machines  used  forthispuniase,  was  taken 
taken  out  by  Mr.  Samuel  Wellinan  Wright,  in  1828.  Instead  of  the  alter- 
nating; action  of  a  single  knife,  Mr.  Wright  has  introduced  a  series  of  knives,  placed 
aa  luii  to  a  wheel,  wliich.  as  they  revolve,  cut  the  tobacco  into  shreds  j  much 
rMcmbling  in  its  action  the  chafi^culting  machine  in  general  use,  except  that 
the  knives  in  the  latter  have  a  curvature  given  to  them,  in  order  that  they  may 

fig.  1. 


cut  with  a  slicing  action,  and  not  with  a  chop,  aa  in  the  machine  we  are  aboul 

to  dMcrilw,  whidi  may,  howarer,  be  aaaily  altered  according  to  our  suggestion. 

fig,  1,  (above)  and  F^.  2  atuicxcd,  represent  two  skvations  or  views  of  the 
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michine,  one  being  it  right  angle*  to  tha  odiet.  a  U  the  main  utU,  Mt  ia 
motion  by  the  drum  (;  e  e  is  a  fly-irhMl  haring  hingn  ili^  to  vhich  iha 
euttence  are  attached  bj  sere*],  (theie  are  beat  Hen  in /l^  1;)  other  aeivira// 
are  emploved  lo  odjiut  and  ift  the  hinge*  d  d,  ao  that  the  euttera  Bh«U  prcM 
eloia  to  the  front  of  the  box  g,  in  i*hich  the  tobacco  k  nlared ;  A  A  are  tn 
terew*  far  pressing  (he  lobacco  down  ;  and  t  a  screw,  bj  the  tumii^  of  vhidt 
it  is  puahed  forwa^  tovardi  the  catlen.  This  Krtw  is  supported  in  plummcr 
blocks  1 1,  and  work)  in  a  nut  fixed  in  a  munre  block  m,  from  which  tw«  Htom 
bars  proceed  lo  another  block  in  the  box  g,  which  priaiea  the  tobaeeo  farwarS 
by  [be  revolution  of  the  screir.  On  the  axis  of  the  screw  ia  a  treU*  puIleTi 
uiven  by  a  cat-gut  band  from  another  puUey  o,  on  th*  axis  of  t^  wUeh  admit* 


.  _.>ing  varied  according  as  tha  tobaeee  M  required  to 

be  cut  ftne  or' coarse.     The  treble  pnllej  fi  made  to  carry  round  a  screw  by  a 


of  the  vaiodty  of  the  s< 

be  cut  ftne  or  coarse.  -  ,        , 

sliding  ehitch  p  in  the  axis  of  the  screw,  which  i*  kept  prened  by  a  fork  lying 

in  groova  hi  the  clutch. 

Whea  the  box  requires  a  fresh  supply  of  tobaceo,  the  fork  ii  tunwl  back  from 
the  cluteb,  and  a  weight  t,  which  has  been  wound  upon  tlie  axi>  of  a  winch  I 


le  direction,  brings  badt  the  block 
if  prims,  by  eittdBf  off  aoeb 


descend^  ai 

to  the  other  end  of  the  box  g. 

TODDY,  A  juice  drawn  irom  varioui  kind*  o;  ,  _  , 
branches  sa  nature  intended  lo  bear  fhiic,  and  receiving  fromUM  w 
designed  far  Am  nourishment  of  the  future  crop.  This  Juioa  beii^  fbrmentae 
and  distilled  with  some  other  ingredients,  fornii  tha  oabbialBd  ipiriliuma  liquor 
called  arratk  or  rvci. 

TOMBAC.  An  tSoy  of  copper,  with  about  one-aixA  part  of  xiao. 
TOPAZ,  A  precious  stone  found  in  Saxony,  Bohemia,  Siberia,  mi  Bratil, 
mixed  with  other  miiierali,  tn  granitfa  rockt.  11m  yellow  topaa  of  Braiil 
becomes  red  when  exposed  to  a  strong  heat  in  a  onidble ;  that  tt  Saxon; 
becomea  white  by  the  aame  process,  shoving  that  the  colouring  matter  of  each 
is  not  the  same. 

TOPOGftAPHY.     A  description  or  draft  of  some  tract  of  land,  a*  tW  of* 
tity,  town,  villa,  field,  fee.  a*  set  out  bj 
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TORMENTOR.  An  instrument  much  used  in  tillage,  sometimes  for  breaking 
own  the  stiff  clods,  and  at  other  times  for  skimming  the  surface  turf,  for  the 
urpose  of  burning,  it  resembles  a  harrow  in  its  general  appearance,  but  runs 
pon  wheels,  and  each  tire  is  furnished  with  a  hoe  or  share  that  enters  and  cuts 
p  the  ground. 

TORPEDO.  A  sub-marine  apparatus,  invented  by  Robert  Fulton  for  the 
nrpote  of  destroying  ships.  It  consisted  of  a  vessel  or  case,  charged  with 
ombustible  matter,  which  he  proposed  to  transfix  by  a  harpoon  to  the  bottom 
f  a  ship,  by  diving  underneath  it  in  his  '*  nautilus,"  in  which  he  sometimes 
emained  under  water  for  an  hour  at  a  time.     Buonaparte  employed  him  to 

SAy  his  "  infernal  machine  "  to  some  British  ships  in  the  Channel ;  but  Fulton 
ed  in  his  attempts  to  fix  his  torpedoes ;  whereupon  the  impatient  consul  of 
be  French  republic  regarded  him  as  a  quack,  and  dismissed  him,  unjustly 
bserving,  "  Get  Americain  ctait  un  charlatan,  un  escroc  qui  voulait  seule- 
lent  attraper  del'argent." 

TORTOISESHELL.  The  shell  of  the  tortoise,  a  testaceous  animal,  used  in 
\ie  fabrication  of  many  articles  of  ornament  and  utility.  The  comb-makera 
nd  horn-turners  of  France,  Holland,  and  Germany,  make  use  of  the  parings 
nd  clippings  of  horn  and  tortoiseshell,  in  the  manufacture  of  snufi^boxes,  and 

variety  of  elegant  articles  and  toys.  I'hey  first  soflen  the  material  in  boiling 
rater,  so  as  to  be  able  to  press  it  into  iron  moulds,  and  then,  by  means  of  heat^ 
uite  them  intimately  into  one  mass.  Care  must  be  taken  that'  the  heat  be  not 
o  powerful  as  to  scorch  the  material ;  and  grease  must  be  carefully  avoided,  as 
bat  prevents  their  union. 

TOURNIQUET.     A  surgical  instrument  employed  to  stop  bleeding. 

TOW.   Coarse  undressed  hemp,  or  old  rope  reduced  to  the  filamentous  state. 

TRAGACANTH.  A  gum,  also  called  gum  adracant,  and  gum  dragon,  is 
be  produce  of  the  above,  and  some  other  shrubs.  The  gum  is  brought  to  us  in 
>ng  and  slender  pieces,'of  a  flatted  figure  more  or  less ;  and  these  not  straight, 
r  rarely  so,  but  commonly  twisted  or  contorted  various  ways,  so  as  to  resemble 
rorms.  We  sometimes  meet  with  it,  like  the  other  vegetable  exudations,  in 
oundish  drops,  but  these  are  much  more  rare.  It  is  moderately  heavy,  of  a  firm 
onsistence,  and,  properly  speaking,  very  tough  rather  than  hard,  and  is  extremely 
ifficult  to  powder,  unless  first  carefully  dried,  and  the  mortar  and  pestle  kept 
xy.  Its  natural  colour  is  a  pale  white,  and  in  the  cleanest  pieces  it  is  something 
ransparent.  It  is  oflen,  however,  met  with  of  a  brownish  tinge,  and  of  other 
clours  still  more  opaque.  It  has  no  smell,  and  very  little  taste,  but  what  it 
las  is  disagreeable.  Taken  into  the  mouth,  it  does  not  grow  clammy, 
nd  stick  to  the  teeth,  as  gum  arabic  does,  but  melts  into  a  kind  of  very  soft 
Qucilagc.  It  dissolves  in  water  but  slowly,  and  communicates  its  mucilaginous 
[Uality  to  a  great  quantity  of  that  fluid.  It  is  by  no  means  soluble  in  oily  or 
pirituous  liquors,  nor  is  it  inflammable.  It  is  brought  to  us  from  the  island  of 
^rete,  and  from  several  parts  of  Asia.  It  is  to  be  chosen  in  long  twisted  pieces 
f  a  whitish  colour,  free  from  all  other  colours,  which  must  be  rejected. 

TRAMMEL.  An  instrument  employed  by  artificers  and  draftsmen  for 
Irawing  ellipses.  It  consists  of  a  cross  with  two  grooves  at  right  angles  to  each 
^er,  and  a  beam  containing  two  pins  that  are  made  to  traverse  in  the  grooves 
>y  the  revolution  of  the  bar ;  the  bar  carries  a  pencil  that  describes  an  ellipse. 

TRANSFERRING  of  engravings  and  lithogi*aphic  drawings  from  the 
Aper,  on  to  wood,  or  other  material,  is  thus  performed.  The  print  is  first 
»laced  in  a  vessel  of  water,  until  it  is  completely  saturated,  which  will  be  in 
,b<Mit  five  or  ten  minutes,  and  then  placed  between  blotting  paper  to  remove 
he  superabundant  water  from  its  surface.  It  is  then  varnished  by  a  brush,  and 
ipplied  immediately  to  the  wood,  which  has  been  previously  varnished  and 
Ilowed  to  dry.  The  print,  thus  applied,  may  be  subjected  to  the  pressure 
lecessary  to  effect  its  complete  adhesion,  by  spreading  over  it  a  sheet  of  paper, 
nd  rubbing  this  with  the  hand-  The  paper  on  which  the  print  was  made  may 
ben  be  peeled  oft*  by  rubbing  it  cautiously  with  the  moistened  fingers,  and  when 
rholly  removed,  a  coat  of  varnish  mnst  be  applied  to  the  print.  When  coloured 
prints  are  to  be  transferred,  an  acid  solution  must  be  used  instead  of  water,  to 
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destroy  tlie  siec  which  exists  in  the  paper.  This  solution  may  be  composed  of 
two-thirds  of  vinegar  and  one-third  of  water,  and  is  to  be  applied  only  to  the 
back  of  the  print  If  the  article  is  to  be  polished,  apply  several  coals  of 
varnish,  allowing  each  to  dry  before  the  application  of  another ;  and  then  rub 
the  surface  with  a  piece  ot  woollen  cloth  and  pumice  stone  reduced  to  im- 
palpable powder.  When  the  surface  becomes  smooth,  the  process  may  be  con- 
tinued with  a  fine  cloth,  and  the  finest  tripoli  with  olive  oil. 

TRANSPARENCIES.  Is  a  term  ordinarily  applied  to  pictures,  prepared 
with  semi-transparent  or  translucent  materials,  and  illuminated  at  the  back,  so 
as  to  exhibit  them  at  night.    The  art  of  preparing  them  is  as  follows : — 

The  paper  (or  other  material)  must  be  fixed  m  a  straining  frame,  in  order 
to  place  it  between  the  eye  and  the  light,  when  required.  After  tracing  the 
design,  the  colour  must  be  laid  on,  in  the  usual  method  of  stained  drawings. 
When  the  tints  are  got  in,  place  the  picture  against  the  window  on  a  pane  of 
glass  framed  for  the  purpose,  and  begin  to  strengthen  the  shadows  with  Indian 
ink,  or  with  colours,  according  as  the  effect  requires ;  laying  the  colours  some- 
times on  both  sides  of  the  paper,  to  give  greater  force  and  depth  of  colour.  The 
last  touches  for  giving  final  strength  to  shadows  and  forms,  are  to  be  done  with 
ivory-black  or  lamp-black  prepared  with  gum-water,  as  there  is  no  pigment  so 
opaaue  and  capable  of  giving  strength  and  decision.  When  the  drawing  is 
finished,  and  every  part  has  got  its  depth  of  colour  and  brilliancy,  beine  perfectly 
dry,  touch  very  carefully  with  spirits  of  turpentine,  on  both  sides,  those  parts 
which  are  to  be  the  brightest,  such  as  the  moon  and  fire ;  and  those  parts 
requiring  less  brightness,  only  on  one  side.  Then  lay  on  immediately,  with  a 
pencil,  a  varnish,  made  by  dissolving  one  ounce  of  Canada  balsam  in  an  equal 
quantity  of  spirit  of  turpentine.  Be  cautious  with  the  varnish,  as  it  is  apt  to 
spread.  When  the  varnish  is  dry,  tinge  the  flame  with  red  lead  and  gamboge, 
slightly  touching  the  smoke  next  the  flame.  The  moon  must  not  be  tinted  with 
colour.  Much  depends  upon  the  choice  of  the  subject.  The  great  point  to  be 
attained  is  a  happy  coincidence  between  the  subject  and  the  effect  produced. 
The  fine  light  should  not  be  too  near  the  moon,  as  its  glare  would  tend  to  injure 
her  pale  silver  light ;  those  parts  which  are  not  interesting  should  be  kept  in  an 
undistinguishable  gloom;  and  where  the  principal  light  is,  they  should  be 
marked  with  precision.  Groups  of  figures  should  be  well  contrasted  ;  those  in 
shadow  crossing  those  that  are  in  light,  by  which  means  the  opposition  of  light 
against  shade  is  eflected, 

TREAD-MILL.  Is  a  mill  worked  by  the  weight  of  persons  treading  upon 
the  first  movement,  which  is  usually  a  wide  cylindrical  wheel,  having  upon  its 
periphery  a  series  of  projecting  steps  or  boards,  resembling  those  of  a  water- 
wheel.  The  weight  of  the  individuals  continually  climbing  these  steps,  causes 
it  to  turn  round,  and  put  in  motion  any  other  machiner}',  by  means  of  ordinary 
gear.  Tread-mills  are  now  resorted  to  pretty  generally  in  this  country,  as  a 
means  of  prison  discipline  ;  and  the  result  has  been,  that  men  cannot  be  found 
to  work  this  species  of  machine  out  of  prison,  conceiving  the  emp1o3rment  to  be 
degrading.     The  Chinese  raise  water  by  a  similar  contrivance  fbr  irrigation. 

rRE&NAILS.  Are  cylindrical  wooden  pins  or  bolts,  used  to  fasten  planks 
to  timbers,  especially  in  ship-building. 

TREPANNING.  Is  a  surgical  operation  for  opening  the  skull  in  cases  of 
fracture ;  a  description  of  which  does  not  form  a  part  of  the  plan  of  this  work, 
and  we  only  introduce  the  subject,  in  order  to  describe  the  instrument  by  which 
it  is  performed,  as  the  principle  of  its  construction  may  be  advantageously 
applied  to  other  purposes,  a  represents  a  thin  steel  tube,  the  edge  of  which  is 
serrated  into  fine  sharp  teeth,  forming  thereby  an  annular  saw;  it  is  fixed  in  a 
stout  brass  collar  6,  which  is  adjusted  to  the  end  of  the  axis  c,  and  revolves 
therewith,  when  turned  by  the  winch  d.  There  are  three  screw  supports,  e  e,  to 
the  upper  and  lower  plates,  which  form  the  frame,  and  the  distance  of  the 
plates  from  each  other  is  adjustable  by  the  screws  e  e.  The  end  of  the  axis  c 
IS  formed  into  a  pointed  drill,  and  extends  a  little  beyond  it* 

The  case  which  contains  this  instrument  is  providea  with  several  sised  atiTitilMr 
laws,  drills,  and  screws.  Thie  surgeons,  in  using  this  instrument,  (after  ttmoring 


a  portion  of  the  Eca1[>,)  cut  out  a  circular  piece  of  bone,  the  central  n 
preventing  it  fcoui  slipping,  and  Ihc  pcrforatioD  thus  made  by  tbe  d 


t^^^f^ 


afterwatds  for  the  imertion  of  a  screw,  by  vhich  the  removal  of  the  circular 
piece  of  bone  ia  ensured,  Acccm  ii  ihiii  gained  under  llic  nrch  of  Ihe  ekiill 
for  removing  the  iplinlera  or  raising  tbe  depressed  parts,  ocraiiotied  by  ilie 
fracture.  Circular  lows  of  this  description  bave  already  been  applied  for 
cutting  out  ptllara  and  concentric  cylinder*  fiom  aotid  bfocki  of  Etnne ;  and 
our  ineelianical  readers  will  find  out  many  otlicr  valuable  met  for  the  applica- 
tion of  a  iimilar  instrument. 

TRIANGLE.  In  geomelry,  a  figure  bounded  or  contained  by  three  lines  or 
■ides,  Mid  which  consequently  lins  llireo  angles,  from  whence  the  figure  takes 
its  name. 

TRIANGULAR-COMPASSES.     Are  compnsies  will.  Ibrec  legs,  whereby 


1  of  mupf. 


ichines,  would 


to  take  off  any  triangle  at  once;  much  u^ed  in  the 
globes.  &c. 

TRUCK.  A  small  wbeel  carriage  lo  be  moved  by  hand  ;  a 
with  two  wbeels;  lliey  are  made  in  a  great  variety  of  forms, 
iheir  peculiar  objects,  such  as  tlie  moving  of  sacks,  bag),  casks, 
copper,  stone,  &c.  &c.  To  describe  those  simple,  well-known 
be  of  little  utility  1  we  therefore  confine  our  attention  to  a  very  ingeniously 
contrived  track,  invented  by  Mr,  S.  W.  Wright,  and  wbich  is  employed  at  the 
West  India  Dock  Company's  warehouses,  for  moving  and  slacking  the  sugar 
bogabeads  in  tiers ;  an  (uieration  previously  performed  by  other  ni^chauical 
means,  and  technically  called  "  riding  the  bogshenda." 

a  aa  shows  tbeframe  of  the  truck,  mounted  upon  four  wheels,  on  which  it 
runs ;  fr  i  is  the  skid  upon  which  the  hogshead  is  raised  into  the  position  repre- 
sented ;  e  c dd bie  levers  supporting  the  skid, and  lurning  upon fulcnims at  o o, 
to  wbich  arc  allached  two  toothed  sectors  «  c,  that  are  acted  upon  by  two 
pinions  fixed  near  to  the  ends  of  the  axis  /:  this  axis  carries  a  click-box  g, 
which  is  worked  by  a  lever  h  attached  to  it:  i  is  a  ratchet-wheel  on/,  I  a  Dail. 
acting  on  the  same  to  prevent  it  receding;  in  a  bent  lever,  for  lifting  by 
mediate  chains,  tbe  palls,  and  click,  which  allows  the  skid  '     '  •       - 

of  the  upper  side  of  the  frame  a  a;  n  is  a  handle  for  m 
There  are  two  ratchet  wheels,  and  (teo  palLi,  though  only  i 
perspective  view  given. 

A  crane  is  employed  to  lift  the  hogsheads  upon  (be  truck ;  the  latter  is  then 
wheeled  oflP  to  the  pile,  where  ibe  hogshead  is  raised  by  nltcrnately  raising  and 
depressing  tbe  lever  A,  wbich  lurning  round  the  axis  /,  causes  the  pinions  fixed 
Upon  it  to  raise  the  toothed  sectors  end  levers  ibat  support  the  skid  ;  a  reaclion 
being  pravented  by  the  pallt  falling  into  the  teeth  of  the  ratchet-wheels  as  they 
turn  round.  We  object  generally  to  an  intermitting  motion,  where  a  continuous 
one  can  be  applied ;  and  we  can  tee  no  difficulty  in  applying  it  in  the  present 
instance  by  the  introduction  of  winches  in  the  usual  way.  Notwithstandmg  tbi 
slight  iraperfeclionH  that  may  at  present  attach  to  this  machine,  it  must  be  pro- 
nounced an  original  and  effective  contrivance ;  and  so  sensible  (it  was  reported) 
were  Ihe  directors  of  the  establishment  before  mentioned  of  the  advantagef 
attending  the  use  of  the  new  truck  in  their  warehouses,  as  to  present  3w 
ulTeotar  with  tlic  sum  of  a  Ihouiaiid  poundt,  over  and  above  the  amount  of  tbeil 
fofittaet  for  «  great  many  of  the  mBchinea  I 


to  descend  to  the  level 
:n  to  draw  Ihe  truck. 
ine  can  be  seen  in  the 


TRUMPET.  The  loudcat  of  all  portable  wind  iiittiumenti ;  of  which  then 
are  Tariuug  kinds.  In  Iheir  most  simple  form,  they  contiit  of  a  melallie  tube, 
with  a  large  bell-sbapcd  aperture  at  one  end  for  the  eininian  of  tlie  Muud,  and 
a  mouth-piece  at  the  other,  adapted  for  blowing  into  it  by  the  lips.  See  the 
words  EAa-TBuKPEt  and  SpEUKmo-Tauvpar. 

TRUNDLE.  A  imall  wheel  with  stofT  teeth;  also  called  a  lantern  or 
wallower.  This  term'  is  likewise  given  to  the  little  carriages  more  g«nenllj 
called  Trucks,  which  see. 

TRUNNIONS.  Tlie  short  arm)  which  project  Trom  the  oppoait«  sidci  of  a 
piece  of  artillery,  on  which  it  is  wippoited  in  its  carriage,  and  becomea  tbt 
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centre  of  motion  upon  altering  its  inclination.  Trunnions  are'also  employed  in 
a  similar  manner  to  vibrating  steam-engines,  and  in  a  great  variety  of  other 
mechanism. 

TRUSS.  A  term  applied  to  many  different  things.  In  surgery,  it  is  the 
bandage  worn  round  the  bodies  of  persons  afflicted  with  hernia,  or  rupture.  In 
sea  affairs,  it  is  a  certain  combination  of  pulleys,  ''to  bowse  the  truss-pendants 
taught."  In  agricultural  affairs,  it  is  a  certain  bundle  of  hay,  or  straw,  &c. 
The  truss  of  hay  weighs  56  lbs.,  and  36  trusses  make  a  load.  In  commerce, 
there  are  trusses  of  other  articles,  in  which  the  quantities  vary. 

TUBE.  A  hollow  cylindrical  body,  made  of  metal,  wood,  or  any  other  sub- 
stance ;  the  term  is  synonymous  with  Pipe  ;  which  see. 

TUN.  A  large  cask  or  barrel,  which  has  probably  derived  its  name  from  its 
capability  to  hold  about  a  ton  weight  of  ordinary  liquids ;  or  the  measure  of 
weight  might  be  derived  from  that  of  capacity.  A  tun  of  vegetable  oil  is  236 
gallons ;  of  animal  oil,  252  gallons ;  of  wine,  252  gallons. 

TUNGST£N.  A  mineral  found  in  Sweden,  of  an  opaque  white  colour,  and 
great  weight;  whence  its  name, — tungsten,  or  ponderous  stone.  This  ore  was 
analyzed  by  Schule,  who  found  that  it  was  composed  of  lime,  and  a  peculiar 
earthy-like  substance,  which,  from  its  properties,  he  called  tungstic  acid.  The 
basis  of  the  acid  was  found  to  contain  a  metal,  which  was  named  tungsten, 
and  was  obtained  from  the  acid  by  charcoal. 

TUNNEL.  An  artificial  arch  or  passage  under  ground.  They  are  employed 
as  the  means  of  conducting  canals  under  elevated  epround ;  for  the  formation  of 
roads  under  rivers  and  canals,  and  in  the  construction  of  sewers  and  drains,  &c., 
&c.  Tunnels  are  now  almost  as  common  as  canals  and  bridges.  Amongst  the 
many  important  works  of  this  kind,  may  be  mentioned,  the  catial  tunnel  under 
Standidge,  between  Manchester  and  Huddersfield,  which  extends  under  ground 
upwards  of  three  miles,  and  is  220  yards  below  the  surface.  The  raUivay  tunnel 
under  Liverpool.  The  road  tunnel  under  the  Thames,  at  Rotherhithe,  which, 
although  completed  only  half-way,  is  an  undertaking  of  great  national  interest, 
and  will,  whenever  finished,  prove  of  great  public  utility.  It  is  thirty-eight  feet 
in  width,  and  in  the  style  of  a  double  arcade,  as  shown  in  a  sectional  representa- 
tion, which  we  shall  have  shortly  to  introduce.  The  work  was  commenced  in 
1825,  by  the  building  on  the  surface  of  the  ground  a  circular  brick  tower,  fif^ 
feet  in  diameter,  and  three  feet  thick ;  this  tower  was  gradually  undermined  all 
round,  and  sunk,  until  it  rested  on  clay,  forty  feet  below  the  surface ;  a  wall 
was  then  built  from  beneath,  to  meet  the  kirb  on  which  it  stood,  till  from  tlie 
depth  of  sixty-four  feet,  the  shaft  was  completed,  and  a  well  formed  seventeen 
feet  deep,  and  twenty-five  feet  diameter,  in  the  centre  of  Uie  area,  to  serve  as  a 
receptacle  for  any  water  that  might  collect  in  the  works,  and  which  always 
brings  it  under  the  command  of  the  steam-engine  pumps.  The  shaft  was  then 
broken  through,  to  commence  the  tunnel,  in  which,  it  is  said,  considerable  difii- 
culty  was  experienced.  To  give  security  and  confidence  to  the  men  in  exca- 
vating, Mr.  Brunei  invented  a  cast-iron  shield  or  frame,  of  great  solidity,  so  as  to 
be  capable  of  withstanding  an  immense  pressure.  Its  extreme  dimensions  were 
thirty-seven  feet  in  width,  twenty-one  feet  six  inches  in  height,  and  seven  feet 
in  depth,  horizontally.  This  shield  was  divided  into  twelve  perpendicular 
frames,  and  each  frame  subdivided  into  three  stories,  called  cells  or  boxes.  The 
utility  of  the  framing  consisted  in  its  supporting  the  superincumbent  weight,  and 
in  protecting  and  shielding  the  workmen  employed  from  accident.  One  miner 
worked  in  each  of  the  stories  or  cells,  consequently,  thirty-six  men  were  enabled 
to  pursue  their  operations  at  the  same  time.  Each  division  had  a  roof  of  cast- 
iron  plates,  polished  on  the  upper  surface,  so  as  to  slip  easily  over  the  stratum 
of  clay  which  rested  upon  it ;  and  was  supported  by  two  strong  cast-iron  plates, 
called  shoes,  and  which  rest  upon  gravel  at  the  base.  The  motion  of  each  divi- 
^on  was  thus  effected: — Each  of  the  miners  in  the  three  cells  excavated  the 
ground  in  front  of  him,  to  the  depth  of  nine  inches,  until  the  perpendicular 
height  of  the  soil  in  front  of  the  division,  which  was  to  be  advanced,  was  exca- 
vated. He  then  supported  the  face  of  the  soil  by  means  of  small  planks  called 
polings,  and  shut  them  with  screws  to  the  adjoming  divisions,  which  were  at 
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TMt.  Tlie  next  operstion  canauted  in  UDicrFning  and  lUckeDUU  one  of  the 
legi,  while  ihe  other  eupportfd  the  weight  of  llie  machine.  The  uackeaed  Ifg 
wna  then  advanced  at  two  ac|)arale  liinee  to  tlic  length  of  nine  inche*,  ud  then 
Mrcved  lip  light.  When  properly  secured,  the  other  leg  woa  «dTUiced,  togttha 
witli  the  Bliocr,  in  the  inme  manoer ;  and  tbe  division  waa  then  moved  funnrd 
nine  inchci,  by  means  of  two  lioriiojilal  tcrewa  and  levera,  one  at  the  top  ud 
the  otlicr  at  the  lower  part  of  ihe  divi^on.  Oi:e  end  of  thete  screws  wis  titi 
in  the  frame,  and  the  other  abutted  on  the  brickwork.  Each  of  the  divitioni 
was  moved  in  a  similar  manner,  until  the  wliole  twelve  wen  adTuieed  nlnt 
inches,  when  the  bricklayera  immediately  followed  up  with  tbe  brick«ork  ud 
sement,  building  one  hijck  in  length  in  straight  jointt.  Thli  brickwork  uua 
fonued  an  abutment  fur  the  horizontal  screws;  tints  the  work  piDCCeded,  aItt^ 
nately  moving  the  machinery  forward  nine  incliei,  and  foUowing  it  up  widi  t 
course  of  brickwork  in  cement. 

Notwithilanding  these  ingenious  contrivances  for  rnniring  the  pngress  of  iht 
work  (which  reHect  great  credit  upon  the  talents  of  the  engineer),  an  irruptinn 
of  water  took  place  on  tbe  ISth  of  ftfay,  1S37:  and  a*  aama  account  of  ibedi- 
cum^tances  attending  it  may  prove  of  importance  to  pereona  engaged  in,  «t 
about  to  undertake,  similar  works,  wc  shall  iMre  give  it  from  the  pages  of*  pe- 
riodical journal  published  at  the  time. 

For  several  weeks  previous  to  the  irruption  of  the  water,  it  wu  discovered,  bj 
the  frequent  descent  uC  pieces  of  bone,  brickbat*,  coala,&iL,  fran  the  bed  of  tiK 
river  to  the  norki,  that  the  eartli,  or  rather  the  mud  between  the  water  sad  lU 
tunnel,  was  exceedingly  loose,  and  even  at  time*  in  motiini.  Although  muck 
water  had  ocrasionally  penetrated  tbe  works,  the  engine  waa  found  sufficienl  t* 
remove  it,  nnd  the  work  proceeded  with  rrrv  little  interniptioti,  till  that  linu 
when  the  imiption  of  water  between  the  shield  and  the  brickwork  waa  sogieal. 
a*  to  oblige  tbe  men  to  make  a  hasty  retreat,  which  they  all  did  in  laTe^.  Hit 
irruDtiuii,  which  toon  filled  the  tunnel,  wa*  much  augmented  by  the  actio 
of  the  water  on  the  last  row  of  brickwork,  before  it  was  eampletcd,  and  ihc 
cement  bad  had  time  to  set.  On  examining  the  bed  of  the  river,  aftM  thewc-^ 
dent,  with  the  diving-bell,  a  spacious  cavity  wai  diieorered  over  the  spot,  whid 
terminated  in  a  imdl  hole,  descending  into  the  tunnel  between  tlw  shieU  saJ 
the  brickwork,  as  represented  in  the  annexed  seclional  •ketch.     This  hob,  si 


well  as  a  second,  which  subiequently  broke  out  in  another  part  of  ihe  earin 
«avel   lilt       f  "*  "P  "■'']?  ^"^  "f  "'"''*  ""-^  l«rgeqnantili«  of  loose  cUysi; 

SXa  t^r^;,°  V  ""  ^^'^"^  "'■  ""•  '^^'-  It  "  "f^  lUirty-fivc  feet  ««^fiL« 
With  a  tarpaulin,  covering,  in  all,  about's.SOO  iquare'feet     Afte? iTwhile,  tW 
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artificial  covering  hiiviii|r  giifficieDlly  lettled,  the  water  wai  drown  off  b;  the 
eneine,  and  the  vorkinga  recomniciicGcl :  after  clearing  anay  all  obstruction! 
before  the  sliield,  tliat  piece  of  meclianism  vas  found  to  be  quite  uninjured. 

Thi«  rnagnificeiitutidertaiiingiTas,  however,  doomed  to  a  iecondmiitbrtune,  of 
amorediaastrou9cliaractcr,wliich  took  place  in  January  1828,  andnas  attended 


wilh  the  lamentable  lass  of  six  Uvea.  "  The  tide  had  justhegan  to  flow,"  say*  Mr. 
Brunei,  jun.,  "  and  finding  the  ground  tolerably  quiet,  we  proceeded  by  iiegin- 
if^At  the  top,  and  bad  worked  about  a  foot  downwards,  when,  on  exposing  th< 
next  us  inchea,  &ie  ground  swelled  suddenly,  and  a  large  quantity  burst  throu^ 
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the  opening  thus  made.  This  was  followed  instantly  by  a  large  body  of  inter. 
The  rush  *n«  ao  violent  a«  to  force  the  men  on  the  ipot  where  the  bunt  toiA 
place,  out  of  the  frame  or  cell,  on  to  the  timber  stage  behind  ibe  fromei."  A 
general  retrent  insUnlly  took  place ;  hut  the  sgitation  of  tbe  air,  by  the  nuli  of 
water,  having  extinguished  all  the  lights,  confuiion  eniued ;  the  limber  itue 
was  thrown  o»er  by  the  torrent,  knocking  down  nnder  it  Bevernl  men,  and  ua 
tunnel  rapidly  filled.  Those  who  could  get  Lo  the  eastern  arch  effected  thdt 
escape,  wtiile  others  were  carried  by  the  force  of  the  current  to  the  end  of  tba 
shaft.  Of  eighteen  men,  besides  Mr.  Brunei,  jun.,  who  were  tints  placed  *t  tbc 
mercy  of  the  torrent  in  utter  darkness,  six  were  drowned,  and  the  remainder, 
more  or  leas  injured,  were  taken  out  of  the  water  for  the  most  part  in  a  state  of 
extreme  exhaustion.  The  foregoing  wood  cut,  which  efibrda  a  correct  represen- 
tation of  the  lamentable  occurrence,  is  inserted  principally  on  account  of  it« 

111 


embracing  an  accurate  long  t  d  nal  sect  on  of  the  tunnel  and  of  the  it 

of  the  movable  ah  eld  ou  the  left  hand    through  the  upper  part  of  wliieh  tk< 


TUNNEL.  809 

water  found  entrance ;  the*arched  passages  delineated  in  the  back-ground,  repre- 
sent three  of  the  entrances  into  tlic  eastern  arch,  which  is  a  parallel  tunnel ; 
these  arched  passages  are  continued  at  uniform  distances  throughout  the  whole 
length  of  the  work.  One  of  the  tunnels  was  intended  for  the  traffic  from  the 
north  to  the  south  shore  of  the  Thames,  and  the  other  for  the  traffic  from  the 
•outh  to  the  north,  to  prevent  interruptions  ;  a  flagged  foot-path,  as  well  as  a 
paTed  carriage  road,  being  made  in  both  the  east  and  west  tunnels,  as  shown  in 
the  cross  section  of  the  work  in  the  lower  part  of  the  preceding  cut,  which  we 
shall  presently  explain. 

Such  was  the  deep  interest  taken  by  ingenious  and  scientific  men  for  the  pro- 
secution of  this  tunnel,  that  soon  after  the  firti  irruption,  Mr.  Brunei  received, 
(according  to  report,)  no  less  than  2G0  written  plans,  which,  together  with  ver- 
bal communications,  made  altogether  400  proposed  remedies  for  the  disaster. 
Amongst  these  there  were  some  which  displayed  considerable  ingenuity ;  and 
the  best,  according{to  our  information,  was  the  following,  which  we  insert,  as  the 
application  of  the  principle  of  its  construction  may  hereafter  prove  of  eminent 
utility  in  tunnelling  under  a  body  of  water.  The  inventor  was  a  Mr.  Garvey, 
a  'modeller,  and  an]  active  member  of  the  London  Mechanics'  Institution, 
and  who,  we  regret  to  add,  fell  an  early  victim  to  the  cholera  in  1832.  Mr. 
Garvey's  plan,  as  stated  by  himself,  "  consists  in  placing  at  the  bottom  of  the 
river,  directly  over  the  part  undergoing  excavation,  a  large  platform  or  raft, 
with  ledges  proceeding  downwards  to  fix  into  the  soO,  to  prevent  the  water  from 
entering  the  excavation." 

The  nature  and  operation  of  this  will  be  understood  by  reference  to  the 
drawing  on  page  808,  where  S  S  represents  a  section  of  the  tunnel ;  R  the  mud, 
gravel,  &c.,  constituting  the  bed  of  the  river ;  A  B,  the  square  platform,  about  twice 
the  width  of  the  tunnel,  consisting  of  two  layers  of  planks,  crossing  each  other 
at  right  angles,  and  made  water  and  air-tight  by  a  stratum  of  artificial  leather, 
tarpauling,  or  other  elastic  waterproof  material,  between  the  layers ;  G  G,  and 
H  H,  represent  sections  of  the  ledges  or  rims,  which  may  be  made  of  iron,  or 
wood  pomted  with  iron ;  the  platform  must  be  loaded  sufficiently  to  sink  in  water. 
F  is  apipe  for  the  escape  of  the  air  while  the  platform  is  descenaing  in  tiie  water ; 
and  £  is  a  pump  to  draw  ofi*  the  water  from  under  it,  when  it  reaches  the  bot- 
tom ;  V  V  are  sliding  valves,  to  be  opened  or  shut  at  pleasure,  bv  the  cords  pass- 
ing over  the  pulleys  m  m  and  nn;  the  bent  pipes  1 1  are  for  the  escape  or  the 
air  or  water,  nom  the  space  between  the  ledges  G  and  H.  When  the  apparatus 
is  put  down  to  the  bottom  of  the  river,  the  water  is  to  be  removed  from  under- 
neath by  the  pump  £,  which  will  produce  a  very  great  hydrostatic  and  pneu* 
matie  pressure  on  its  surface,  and  cause  the  points  of  the  ledges,  G  and  II,  to 
Mietrate  the  bed  of  the  river,  and  the  whole  to^become  firmly  fixed  in  its  place. 
TIm  eavi^  M,  which  extends  of  conrse  all  round  the  raft,  is  made  coniciu,  for 
til*  purpose  of  compressing  the  soil  between  the  rims  as  they  are  forced  down, 
aiid  thus  preventing  the  entrance  of  the  water  at  the  edges. 

Whtn  Uie  apparatus  is  to  be  moved  forward  to  a  new  station,  the  pump  £  is 
to  ba  eoaverted  into  a  condensing  air-pump,  by  channng  the  valves ;  ana  air  is 
to  ba  Ibicad  under  the  raft  till  it  is  disengaged  from  tne  bottom,  frAen  ii  can  with 
fmeSBig  he  mwoed  forward  in  the  tcaUr,  and  »unk  as  hrfore, 

Wmu  the  bed  of  the  river  is  very  irregular  and  gravelly,  it  may  be  necessary 
to  drsdge  it,  and  put  down  clay  in  some  parts  before  the  platform  is  brought  to 
its  jpteet. 

Having  described  that  which  is  stated  to  have  been  the  best  of  the 
reiccttd  plans,  (as  acknowledged  by  Mr.  Brunei  to  the  inventor  of  it,  the  late 
Mr.  Oaxycy,)  we  shall  proceed  to  notice  that  which  was  unfortunately  adopted 
in  preference.  The  concavity  in  [the  bed  of  the  river,  and  the  hole  through 
which  the  water  rushed  info  the  tunnel  on  the  18th  of  May,  was  first  filled  with 
clay,  bags  of  clay  and  gravel ;  a  large  flat  wooden  raft,  (mihout  ledyetf)  was 
then  sunk  over  the  new-made  sround,  to  prevent  any  sudden  displacement  of  it, 
and  by  that  means  aflbrd  a  full  protection  to  the  workmen,  when  they  might 
recommence  excavating  underneath.  The  water,  however,  found  its  way  under 
the  raft,  and  the  powerful  engine  and  pumps  wera  employed  for  a  considerable 
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period  without  lowering  the  lerel  of  it  in  the  tunnel.  The  works  were  about 
naif  emptied  of  the  water,  when  the  force  of  the  tide  raised  up  one  side  of  the 
raft,  tlirew  off  the  weights  which  had  kept  it  down,  when  it  floated  up  to  the 
surface  of  the  river.  The  ground  in  another  part  contiguous  to  the  former  hole 
now  gave  way,  and  the  tunnel  was  again  filled  with  water.  Fresh  quantities  of 
clay  and  bags  of  clay  were  then  employed  to  fill  up  the  second  hole ;  and  the 
enlarged  dimensions  of  the  former,  occasioned  by  a  settling  or  morement  of  the 
artificial  ground,  wai  also  filled  up  to  a  level  with  the  natural  bed  of  the  river. 
The  clay  was  covered  with  a  stratum  of  gravel,  and  this  by  a  large  and  very 
thick  tarpauling,  which  was  kept  down  by  cast-iron  kintledge ;  another  layer 
was  thrown  over  the  whole,  to  keep  it  as  closely  together  as  possible.  Although 
this  plan  has  proved  an  effectual  remedy  as  far  as  it  has  been  applied,  the  repetition 
of  such  remedies,  whenever  quicksand  may  be  met  with,  or  irruptions  formed  in 
the  future  progress  of  the  work,  must  be  attended  with  a  wasteful  expense:  we 
therefore  submit  that  Mr.  Garvey's  plan  deserves  the  preference,  as  it  may  be 
shifted  from  place  to  place,  as  the  work  proceeds. 

The  lamentable  accident  which  we  described  was  also  productive  of  an 
excellent  plan  from  an  eminent  member  of  the  London  Mechanics'  Institution, 
which  consists  in  introducing,  a  few  yards  behind  the  workmen,  flood-gates,  so 
constructed,  that  the  lower  parts  of  the  gates  will  be  first  shut  by  the  water 
issuing  in  at  the  place  where  the  work  is  carried  on ;  and  when  the  waters  rise 
nearly  half  way  up,  then  to  shut  the  middle  parts  of  the  gates ;  and  when  it  rises 
near  to  the  top,  to  shut  the  top  parts  of  the  gutes.  This  arrangement  would 
afford  all  the  workmen  time,  who  could  reach  so  far  as  the  flood-gates,  to  get  safe 
out,  and  prevent  the  tunnel  from  being  filled  with  water.  This  plan  would  not 
only  tend  to  obviate  much  of  the  danger  to  be  apprehended  by  the  workmen, 
but  greatly  diminish  the  enormous  expense  consequent  from  such  an  accident. 
The  small  siwce  between  the  shield  and  the  flood-^ates  would  soon  become  filled 
with  mud  and  sand,  and  the  bed  of  the  river  might  then  be  soon  made  good 
from  above,  as  then  there  would  be  no  liability  of  the  materials  put  down  for 
that  purpose  being  loosened,  and  removed,  by  the  periodical  ingress  and  egress 
of  the  water  during  the  rise  and  fall  of  the  tide.  The  cut  on  the  next  page 
exhibits  a  transverse  section  of  the  tunnel,  with  the  gates,  &c. 

Fiff,  I  represents  a  front  view  of  the  gates,  with  those  on  the  right  hand 
or  eastern  arch  entirelv  closed,  those  in  the  other  arch  having  been  kept 
open  for  taking  through  the  clay  and  building  materials,  as  the  excavation 
proceeds.  In  order  to  make  the  plan  better  understood,  the  water  is  repre- 
sented as  coming  in,  which,  having  just  closed  the  lower  pair  of  gates,  is  in 
the  act  of  shutting  the  middle  pair,  while  the  upper  pair  is  represented  as  stand- 
ing open. 

The  lower  pair  of  gates  are  beveled  off  to  an  acute  angle,  which  termi- 
nates at  the  outside  of  the  upper  edge ;  and  to  correspond  with  this,  Uie  lower 
edges  of  the  middle  gates  are  beveled  off  in  a  contrary  way,  to  lap  over  the 
others,  as  exhibited  in  the  drawing.  From  this  arrangement,  it  will  be 
perceived  that  the  middle  gates  will  be  partly  in  the  water  before  it  runs 
over  the  lower  gates ;  and  hence,  the  second  gates  will  be  shut  as  soon  as  the 
water  begins  to  run  over  the  first  The  same  arrangement  is  made  with  respect 
to  the  middle  and  upper  gates,  except  that  the  upper  edges  of  the  latter  are 
beveled  to  an  angle  on  the  inside,  to  fit  a  contrarv  bevel  on  the  top  of  the 
gateway.  It  may  be  here  observed  that  none  of  the  flood-eates  are  made  to 
open  so  far  back  as  to  become  parallel  with  the  side  of  tne  tunnel,  coDse- 
quentlv  thcv  are  always  in  a  situation  to  be  acted  upon  by  the  water ;  and, 
that  the  whole  of  the  eates,  as  well  as  the  framework  in  each  arch,  meet 
in  the  middle  of  the  arch,  as  flood-gates  on  canals  do,  at  such  an  angle  as  to 
afford  the  matest  resistance  to  the  nressure  of  the  fluid.  To  prevent  the  out- 
ward lateral  pressure  of  the  sides  of  the  framing  against  the  brickwork,  and  the 
injury  it  might  thereby  sustain,  the  opposite  sides  of  the  framing  in  each  arch 
•re  connected  by  tie-beams,  similar  to  those  used  in  roofing. 

It  will  not  be  necessary  to  make  the  whole  area  of  the  arch  to  open,  as  a 
comparatively  small  openmg  will  be  sufficient  for  conductuig  the  openUioii  of 
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ha  minw*.     Tbc  openine  gttei  arc  thenbn  nprtKnted  u  eeeapjri 
mtJI  portion  in  the  middis  of  the  ftrong  framing  wbicb  fillj  up  the  ai 

r,,.t. 


'  It  win  of  coune  be  of  tlie  ercBteit  importance  that  tliB  Umdiold,  ec  cdk, 
■gaiait  which  the  bottoms  of  3xe  lint  gates  shut,  and  for  tliat  purpcae  tbt  por- 
tion of  Ihe  rood-waj  which  passes  through  the  gates,  is  so  balanced  and  rap- 
ported,  that  a  very  imall  portion  of  water  accumulated  under  it  will  distsg^ 
Its  supports,  and  project  part  of  the  road-way  or  platform  outwde  of  the  gilo. 
The  threshold  tnaj-  be  nirtber  secured,  if  necessary,  by  a  covering  of  cuiai^ 
M  attached  to  the  gatei  ai  to  be  rolled  off  by  tkem  in  the  act  of  ^uttii^ 

The  joinings  between  the  frame  and  brick-wurk,  as  well  as  the  jinningsnnai 
the  gates,  ate  made  air  and  nater-tight,  by  triangular  packings  of  leatiertr 
other  soft  materia],  which  arc  drawn  into  the  crerices  by  a  aerie*  of  scrcw-kcltt 
through  to  the  outside  of  the  gates,  where  the  workmen  can,  at  their  Maut, 
•crew  the  packing  up  aAer  all  the  gates  are  shut. 

The  method  of  moving  the  gate*  forward,  and  of  Mcuring  them  is  IImb 
places,  it  shown  in  Fig.  2,  where  I  represents  a  vertical  lectioa  of  a  set  of  floei- 
gates,  supported  in  its  place  by  three  pair  of  strong  beams,  represented  si  i, 
bitened  together  at  r;  the  other  ends  of  these  beams  ar«  attacked  to  thcfleoi-    i 


gates,  three  on  each  tide,  at  a  small  distance  from  the  «dge.  Tbe  piece  r 
rest*  upon  a  nriction-roUer  or  small  wheel,  and  agaiiut  a  poverAil  siiea  jmI  <^ 
which  IS  supported  by  the  abutment  p,  fixed  into  the  bottom  of  tbe  «"""-!_  m^ 
kept  in  its  place  by  the  vertical  beam  q. 

When  the  gates  are  to  be  moved  forward,  the  triangular  packing  roand  Ac 
ed^a  of  the  frame  must  be  released,  and  moved  backgliy  UDscrewing  tbehdl^ 
which  keep  it  in  its  place,  and  then  the  gates  are  forrad  forward  on  the  sir"** 
■upports,  on  which  they  rest,  by  tbe  screw  o;  and  when  tfaey  hare  been  n 
to  Ineir  assigned  place,  the  screw  is  relumed  into  its  box,  and  the  al  ' 
are  brought  up,  and  the  whole  apparatus  sgain  properly  secured. 

The  box  represented  to  the  left  o(  the  eastern  arch  is  sufBcienll*  eaMdMi 
to  hold  two  or  three  men ;  it  is  provided  with  two  doora,  one  of  which  sa^ 
into  the  bos,  and  the  other  into  that  part  of  the  tunnel  which  would  be  fi^sf 
water  when  the  flood-gates  are  all  closed.  The  use  of  this  box  is  for  a  ^m, 
harnessed  in  James's  diving  apparatus,  to  enter  tbe  part  filled  with  water,  k 
the  purpose  of  exploring  and  examining  the  works,  and  bringing  oat  any  tkof 
of  importance,  requiring  to  be  removed  from  the  water.  "Hie  man,  haviif  ne- 
vided  in  his  diving  apparatus  a  sufficient  supply  of  air  fra  tbe  time  be  kOmk 
to  remain  in  the  water,  enters  the  box,  and  closes  the  door ;  he  then.  In  nusw 
of  a  stop-cock,  admits  the  water  into  the  box,  when  the  door  between  Ike  ksi 
and  the  interior  can  bs  easily  opened  to  admit  hira.  In  cotning  out,  be  ^ 
only  to  re-enter  the  box,  shut  the  communication  between  the  box  and  tbe  mtf 
rior,  and  then,  by  a  stop-cock,  let  the  water  contained  in  the  box  iMue  iale  ik 
open  part  of  the  tunnel. 

This  may   be  repeated  as  oflcn  as   occasion  ma^  require,  wiUi  mj  Mt 
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escape  of  water,  and  with  perfect  safety  to  the  direr;  for  the  inmss  of  tlie 
water  being  entirely  prevented  by  the  flood-gates,  it  will  be  perfectly  quiescent 
within  them,  and  no  danger  is  to  be  apprehended  from  a  cnange  or  derange- 
ment of  any  part  of  the  works  taking  place  during  the  miner's  inspection.  Ae 
■mall  space  between  the  shield  and  flood-gates  would  soon  be  filled,  when  all 
would  become  stationary ;  and  consequently  the  principal  cause  of  damage  to 
the  works,  the  rushing  of  a  large  quantity  of  water  witn  great  violence,  would 
be  removed.  If  it  should  be  objected,  that  the  time  occupied  in  filling  the  space 
between  the  gates  and  the  shield  woidd  be  too  short  to  allow  the  workmen  to 
efcape ;  it  may  be  answered,  that  very  little  time  would  be  reouired  for  all  the 
workmen  to  get  outside,  where  they  would  be  perfectly  safe,  ana  might  leisurely 
▼lew  the  progress  of  the  water  in  filling  the  space,  and  closing  the  gates :  besides, 
an  hruption  of  the  water,  under  such  circumstances,  would  be  of  so  little  conse- 
qaence,  that  there  would  be  no  occasion  for  detaining  the  men  in  attempting  to 
•(op  the  torrent,  till  their  lives  are  in  danger.  The  water  within  being  perfectly 
atillt  the  bed  of  the  river  might  be  made  good,  the  water  pumped  out,  and  the 
work  might  be  going  on  again,  in  the  course  of  a  day  or  two  after  an  irruption, 
if  checked  by  such  means  as  are  herein  described. 

At  the  period  we  are  writing,  (February  1835,)  the  work  at  the  Thames 
tannel  is  si  a  stand.  A  brick  wall  has  been  completed  at  the  further  extremity 
of  the  excavation,  which  is  made  water-tight,  and  the  interior  of  the  tunnel  is 
M  pn&ct  ai  though  no  accidents  had  happened. 

TURF.  A  mixture  of  earth  with  the  roots  and  leaves  of  plants,  partially 
deeompoeed ;  it  is  used  as  fuel  in  many  parts  of  the  country.  See  Peat. 
•  TUttMERIC,  or  Indian  Saffron.  A  root  brought  from  the  East  Indies, 
and  employed  in  making  a  vellow  dye.  The  colouring  matter  it  yields  is  very 
abondant,  and  of  great  brilliancy  of  tint ;  but  it  possesses  no  durability,  nor 
have  any  mordants  yet  been  discovered  suflSciently  powerful  to  fix  it.  Common 
salt  and  ammonia  have  been  recommended  for  this  purpose;  but  they  are 
found  to  deepen  the  colour,  and  incline  it  to  brown. 

TURNING.  The  art  of  giving  circular  and  other  forms  to  solid  substances, 
in  the  fabrication  of  innumerable  articles,  by  the  aid  of  a  machine  called  a 
latlie.  There  is  perhaps  no  contrivance  with  which  human  ingenuity  has  aided 
the  dexterity  of  tne  mechanic  more  entitled  to  our  admiration  than  the  lathe ; 
especially  when  we  take  into  the  account  all  the  improvements  it  has  undergone, 
from  its  simplest  and  most  ancient  form  in  the  potter's  wheel,  to  that  adaptation 
of  varied  ana  complex  mechanism,  by  which  not  merely  circular  turning  of  the 
roost  beautiful  ana  accurate  description,  but  exquisite  figure- work,  and  compli- 
cated geometrical  designs,  depending  upon  the  eccentric  and  cycloidal 
inoveinents,  are  dailv  produced. 

The  operation  of  turning  differs  very  essentially  from  most  others,  in  the 
circumstance,  that  the  matter  operated  upon  is  put  in  motion  by  the  machine, 
and  is  wrought  by  means  of  edge  tools,  presented  to  it,  and  held  fast;  whilst  in 
moat  others  the  work  is  fixed,  and  tne  tool  put  in  motion.  In  ordinary 
turning,  the  work  is  made  to  revolve  on  a  stationary  straight  line  as  an  axis, 
while  an  edge  tool,  set  steady  to  the  outside  of  the  substance  in  a  circumvolution 
lliereof,  cuts  off  all  the  parts  which  lie  farthest  from  the  axis,  and  makes  the 
outside  of  that  substance  concentric  with  the  axis.  In  this  case,  any  section  of 
tlie  work  made  at  right  angles  to  the  work  will  be  of  a  circular  figure;  but  there 
are  methods  of  turning  ellipses  and  various  other  ciurves,  dutinguished^by  the 
name  of  engine-turning. 

Lathes  are  made  in  a  great  variety  of  forms,  and  put  in  motion  by  different 
means :  they  are  called  centre  lathes  where  the  work  is  supported  at  both  ends ; 
wmdrel,  tpindle,  or  chuck  lathes  when  the  work  is  fixed  at  the  projecting 
extremity  of  a  spindle.  From  different  methods  of  putting  them  in  motion, 
tliey  are  called  j^o^^-lathes,  and  hand-wheel  lathes,  or  /ooMathes ;  for  great 
works  they  are  turned  by  horses,  and  water-wheels,  but  more  generally  by  steam- 
engines.  The  lathes  used  by  wood-turners  are  usually  made  of  wood,  in  a 
aimple  form,  and  are  called  6ec^lathes ;  the  same  kind  will  serve  for  turning 
iron  and  brass :  but  the  best  work  in  metal  is  always  done  in  iron-lathes,  which 
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are  usually  made  with  a  triangular  bar,  and  are  called  ftar-laihes.  Small  ones, 
for  the  use  ot  watch-makers,  are  denominated  iumrbenchet ;  but  there^  it  no 
essential  distinction  between  these  and  the  centre  lathes,  except  in  regard  to 
size,  and  that  they  are  made  in  metal  instead  of  wood,  and  the  workmanship 
being  more  accurate  and  better  finished. 

The  centre  lathe  is  now  very  little  used  but  by  country  turners,  to  make 
articles  of  household  furniture  in  soft  wood,  as  table-legs,  staircase-rails,  bed- 
posts, &c.  It  consists  of  the  following  parts :  1st  The  hed^  which  is  composed 
of  two  beams  bolted  together  at  a  small  distance  asunder,  and  parallel  to  each 
other ;  it  is  supported  horizontally  on  legs  at  the  ends,'and  forms  the  support^of 
the  whole ;  the  groove  is  the  narrow  opening  between  the  two  halves  or  chucks 
of  the  bed,  to  receive  the  tenons  of  the  puppett,  which  are  two  short  upright 
posts  fastened  down  upon  the  bed  at  any  place  by  means  of  wedges,  ariven 
through  mortices  in  the  tenons  of  the  puppets  beneath  the  bed ;  one  of  the 
puppets  hatf  a  pike  or  pin  of  iron  fixed  into  it,  and  the  other  one  has  at  the  same 
level  the  centre-screio,  working  through  a  nut  fastened  in  the'puppet ;  both  the 
screw  and  the  pike  have  sharp  points  made  of  steel,  ana  nardened  and 
tempered  that  they  may  not  wear  away  ;  they  must  be  exactly  opposite,  and  in 
a  line  with  each  other.  The  piece  of  wood  which  is  to  be  turned,  suppose,  for 
instance,  a  pole  of  wood,  is  supported  by  its  ends  between  the  points  of  the 
pike  and  the  screw,  that  it  may  turn  round  freely,  and  the  screw  is  screwed  up, 
till  it  has  no  shake.  The  puppets  can  be  placed  at  any  distance  asunderi 
according  to  the  length. 

The  rest  is  a  rail  or  bar,  extending  from  one  puppet  to  the  other,  for  the 
support  of  the  tool ;  it  lays  in  hooks  projecting  from  tne  faces  of  the  puppets ; 
the  work  is  put  in  motion  by  means  of  the  trecuiUe,  which  is  worked  by  the 
turner's  foot ;  the  string  or  cat-gut  is  fastened  to  the  treadle,  and  passing  two  or 
three  times  round  the  work,  it  is  fastened  to  the  end  of  an  elastic  pole,  fixed  to 
the  ceiling  over  the  turner's  head :  now  as  the  turner  presses  the  treadle  down 
by  his  foot,  the  string  turns  the  work  round,  and  a  sharp  chisel  or  gou^,  being 
held  against  the  wood  upon  the  rest,  will  cut  the  wood  to  a  circular  form. 
When  he  has  brought  the  treadle  to  tlie  ground,  he  releases  the  weight  of  his 
foot,  and  the  elasticity  of  the  pole  draws  up  the  treadles,  turning  the  work  back 
again  ;  during  which  retrograde  motion  he  withdraws  the  chisel  from  the  work, 
«s  it  would  not  cut  in  this  direction  through  it,  and  might  impede  the  motion 
of  the  wood ;  and  the  pole  is  fastened  to  the  ceiling  of  the  room,  where  the 
lathe  is  placed  by  a  pin,  upon  which  it  can  be  turned  about  as  a  centre,  and  it 
rests  upon  a  horizontal  bar  fixed  at  some  distance  from  the  centre :  it  is  placed 
in  a  position  nearly  perpendicular  to  the  axis  of  the  work,  so  that,  when  it  is 
turned  upon  its  centre  pin,  the  string  at  the  other  end  may  be  brought  over  any 
part  of  the  length  of  the  work  where  it  will  be  most  convenient  for  the  turner 
to  have  the  string  put  round  it :  in  the  same  manner  the  end  of  the  tre«dle  is 
placed,  with  one  end  over  a  centre  pin  in  the  floor,  that  its  opposite  end  may  be 
moved  under  the  work  to  the  proper  place  for  the  string.  It  is  held  in 
this  position  y  while  moving  up  and  dowh,  by  a  second  treadle,  perpendicttlar 
to  the  firsty  which  moves  in  a  loose  centre  on  the  floor  at  one  end,  and  the  other 
is !  perforated  with  a  number  of  holes  to  receive  a  pin  fixed  in  the  first 
treadle,  and  thus  to  confine  the  treadle  to  move  up  and  down  imder  any 
place  it  is  set  to :  the  end  of  the  principal  treadle  is  turned  in  the  lathe,  and 
made  like  a  pulley,  to  hold  the  line  or  string  whidi  is  wound  upon  it,  and 
the  turner  wmds  the  string  on  or  off  this  end  of  the  te«adle,  to  adjust  its 
length  to  the  diameter  of  the  work  round  which  the  string  passes ;  the  string 
is  fastened  to  the  end  of  the  spring-pole  in  a  similar  manner.  The  workman 
stands,  or  is  seated  before  his  lathe,  having  one  of  his  feet  on  the  treadle,  to 
give  the  motion  ;  it  must  be  very  moderate  and  equal ;  he  places  his  tool  on 
the  rest,  and  approaches  the  head  of  it  gently  to  the  piece,  performing  his  work 
gradually  without  leaving  any  ridges,  and  when  he  meets  with  a  knot,  lie  most 
go  on  still  more  gently,  otherwise  he  would  be  in  danger  both  of  splittHig  his 
work,  and  breaking  the  edge  of  his  tool.  For  turning  light  work,  a  bow,  wtA 
as  is  used  for  shooting  arrows,  is  suspended  by  its  Bud<ue  over  tfM  hi^ ;  the 
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string  if  then  tied  to  the  middle  of  the  bow-string  instead  of  the  poTf ,  and  acts 
in  the  same  manner.  The  continued  rotary  motion  given  by  a  wheel  is  so 
much  superior  for  turning  to  the  reciprocating  motion  of  a  treadle  and  string, 
that  regular  turners  seldom  make  use  of  the  latter ;  yet  the  simplicity  and 
cheapness  of  the  whole  is  a  great  recommendation,  especially  among  country 
workmen,  who  are  not  so  careful  of  their  time  as^  in  the  towns,  where 
competition  obliges  every  one  to  use  the  best  and  quickest  means  of  despatch-* 
ingnis  work. 

The  common  centre-lathe  becomes  a  powerful  machine  when  worked  by 
means  of  a  large  wheel,  turned  by  one  or  more  laboiurers ;  the  wheel  should  be 
heavy,  that  its  momentum  may  be  sufficient  to  overcome  any  trifling  obstacle  in 
the  work,  and  the  frame  in  which  it  is  mounted  must  be  of  sufficient  weight  to 
stand  steady,  and  not  be  liable  to  move  by  the  exertions  of  the  man  turning  it. 
An  endless  line  is  used  to  communicate  the  motion  [of  the  wheel  to  the  work ; 
it  passes  round  a  groove  in  the  circumference  of  the  wheel,  and,  after 
crossing  like  a  figure  of  8,  goes  round  a  small  pulley  fixed  upon  the  work ;  by 
this  means,  when  the  great  wlieel  is  turned,  it  gives  a  rapid  rotary  motion 
to  the  matter  to  be  turned,  and  with  a  much  greater  power  than  can  be 
obtained  from  the  treadle,  with  the  additional  advantage  of  the  work  turning 
always  the  same  way  round,  so  that  the  turner  has  no  need  to  take  his  tool  off 
the  work ;  the  small  pulley  is  perforated  with  a  square  hole,  to  receive  a  square 
made  on  the  end  of  tfie  work,  and  the  turner  has  many  different  pulleys,  each 
with  a  different  sized  hole  through  it,  to  suit  work  of  different  diameters ;  but 
there  is  an  mconvenience  attending  this  method,  for  if  the  four  comers  of  the 
square  on  which  the  pulley  is  fitted  be  not  all  equally  distant  from  the  centre 
of  the  work,  the  pulley  will  not  turn  round  truly,  and  the  band  will  be  liable  to 
slip  round  upon  it.    To  obviate  thi."!,  the  pulley  in  the  annexed  figure  is  often 


used  ;  it  has  a  square  hole  through  it  to  receive  the  work,  and  is  made  to  fit  upon 
it  by  means  of  four  screws  a  a  a  a,  passing  through  a  part  of  the  wood  by  the 
side  of  the  pulley,  and  their  point  pressing  into  the  work ;  in  this  manner  one  or 
tvo  pulleys  can  be  made  to  serve  work  of  any  dimensions,  and  can  always  be 
act  truly  upon  it ;  it  has,  as  shown  in  the  edge  view,  two  different  sized  grooves, 
in  either  or  which  the  band  may  be  worked  when  required 

There  is  a  kind  of  centre-lathe,  which  is  generally  employed  by  millwrights 
and  iron-founders,  in  turning  heavy  metal  work,  such  as  the  gudgeons  of  milU 
ahafls,  rollers  for  sugar  or  rolling-mills,  pump-rods,  which  are  to  pass  through 
atnfiing-boxes,  or,  in  short,  any  work  whicn  wul  admit  of  having  both  its  ends 
supported  on  centres ;  it  is  in  many  respects  similar  to  that  we  have  described, 
but  is  adapted  to  give  a  continued  rotary  motion  to  the  work  ;  it  has  legs  which 
support  it  from  the  floor,  and  the  bed  is  formed  by  two  parallel  beams  or  cheeks, 
bolted  to  the  legs;  one  of  the  legs  stand  up  above  the  bed  to  support  the  main, 
or  left-hand  centre  point,  instead  of  having  a  puppet  on  purpose.  The  centre 
pin  is  fastened  into  it,  by  a  nut  and  screw  behind,  and  upon  this  pin  two  wooden 
pulleys  are  fitted  side  by  side,  close  to  each  other,  so  that  they  appear  but  one ; 
either  of  these,  at  pleasure,  is  caused  to  turn  round  by  means  of  an  endless  strap, 
going  round  a  drum,  extending  over  head  or  under  the  floor,  and  which  is 
turned  by  horses,  or  a  steam-engine ;  the  strap  being  only  the  breadth  of  one  of 
tbe  pulleys,  will  turn  but  one  of  them  at  a  time,  but  it  can  easily  be  shiflted 
from  one  to  the  other  at  pleasure,  and  then  the  other  will  stand  still.  The  front 
«fia  of  these  pulleys  gives  motion  to  the  work. 
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The  back  puppet  is  fixed  upon  the  bed  of  the  lathe,  by  a  tenon  proteetiiig 
downwards,  and  entering  the  space  between  the  two  chucks  of  the  bed ;  it  is  fixed 
at  any  place,  by  means  of  a  screw-bolt,  which  passes  down  through  the  puppet, 
and  goes  through  a  piece  of  iron,  which  takes  its  bearing  on  the  under  side  of  the 
bed ;  a  nut  is  fitted  in  this  screw,  and  thereby  the  whole  puppet  can  be  drawn 
down  upon  the  cheeks  so  firmly  that  it  will  not  move  by  any  strain  the  work 
may  occasion :  the  back  puppet  has  a  back  centre  screw,  whicn  has  a  steel  point 
to  support  the  work. 

The  work  is  turned  about  in  this  lathe  by  means  of  an  iron  pin,  projecting 
some  inches  from  the  flat  surface  of  the  front  pulley,  which,  as  before  mentioned, 
is  fitted  on  the  centre  point :  a  piece  of  iron,  called  a  driver,  is  screwed  upon 
the  work  near  its  letl  hand  end,  so  as  to  project  perpendicularly  from  it,  and  the 
pin  in  the  pulley  intercepts  this  as  it  turns,  carrying  the  work  round  with  it 

The  other  pulley,  which  is  fitted  on  the  centre  pin,  is  only  of  use  when  the 
lathe  is  wanted  to  stand  still,  in  the  same  manner  as  the  live  and  dead  pulleys 
used  in  cotton-mills.  When  the  workman  wbhes  to  put  the  lathe  in  motion, 
he  presses  the  handle  of  his  tool,  or  any  other  smooth  piece  of  wood,  against  the 
edge  of  the  endless  strap  while  it  is  in  motion,  and  pushes  it  towards  the  front 
pulley ;  in  a  very  short  time  the  strap  will  get  completely  on  the  pulley,  and 
shift  itself  to  a  fresh  place  on  the  drum  corresponding  to  the  pulley ;  this  causes 
the  pulley  to  turn  round,  and  by  the  pin  pushing  round  the  end  of  the  driver 
screwed  on  the  work,  communicates  its  motion  to  the  work  to  be  turned.  When 
he  wishes  the  motion  to  cease,  for  the  purpose  of  examining  his  work,  he  pushes 
the  strap  back  again  on  to  the  other  pulley,  which  has  no  communication  with 
the  work,  as  it  slips  freely  on  the  centre  pin :  the  driver  is  simply  an  iron  ring, 
having  a  screw  tapped  through  one  end  of  it,  to  pinch  the  work  so  fast  as  to 
prevent  its  slipping. 

Tlie  side  opposite  the  screw  should  be  angular,  that  it  mav  fit  any  sized 
work ;  this  driver  may  be  fixed  on  either  end  of  the  work,  while  the  other  is 
turning,  but  when  it  is  necessary  to  fix  the  driver  on  that  part  of  the  work 
which  is  finished,  the  end  of  the  screw  is  apt  to  pinch  and  bruise  it ;  it  is 
therefore  proper  to  use  a  driver  composed  of  two  bars  of  iron  screwed  together 
by  two  screws,  passing  through  one  bar  tapped  into  the  other ;  both  bars  are 
somewhat  hollowed  out  in  the  middle,  that  tney  niay  encompass  the  work.  If 
this  should  be  found  to  injure  the  work,  a  piece  of  sheet-lead  wrapped  round  it 
before  |the  driver  is  put  on,  will  prevent  the  possibility  of  its  damaging  the 
work,  and  if  the  screws  of  the  driver  are  drawn  very  tight,  it  will  carry  the 
work  about  with  sufficient  force  to  beai*  turning. 

The*manner  of  mounting  and  giving  motion  to  a  piece  of  work  in  the  centre 
lathe  is  thus : — the  back  puppet  is  first  fastened  on  the  bed  of  the  lathe,  at  the 
proper  length  to  receive  the  work ;  the  workman  tlien  places  one  of  its  ends 
against  the  points  of  the  front  centre,  with  the  points  as  near  the  centre  of  the 
work  as  he  can  guess ;  he  then  brings  the  centre  of  the  other  end  of  the  work 
opposite  the  point  of  the  centre  screw,  and  screws  it  up  so  as  to  bold  the  work 
just  tight  enough  to  prevent  its  falling  down.  In  this  state  by  turning  it  round 
by  one  hand,  while  he  holds  a  piece  of  chalk  against  it  with  the  other,  be  finds 
whether  it  is  pitched  nearly  concentric  on  the  points ;  and  if  it  varies  much  any 
points,  he  turns  back  the  screw  and  tries  again,  observing  to  shifl  the  centre-point 
nearer  towards  that  side  which  appears  to  project  farthest  in  revolving,  and  there- 
fore gets  marked  with  the  chalk.  When  he  has  found  the  true  centre,  he  screws 
up  the  point  so  hard  that  it  may  mark  the  end  of  the  work  ;  Uien,  taking  ^tbe 
work  out  of  the  lathe,  he  punches  or  drills  holes  in  the  end,  where  the  smw 
and  centre  points  have  marked,  and  when  the  work  is  returned  into  the  lathe 
it  will  run  nearly  concentric ;  the  driver  being  screwed  fast  on  either  end  of  the 
work  as  is  most  convenient,  the  work  will  be  turned  round  by  the  pin  pro- 
jecting from  the  pulley  as  before  described.  The  turning  of  heavy  iron-w<»k, 
for  which  these  lathes  are  used,  is  performed  by  various  tools  chiefly  called 
hooks,  but  these  will  be  further  described. 

The  centre  lathe  will  perform  any  kind  of  work  which  can  be  turned  upon 
centres  made  in  the  ends  of  it ;  but  a  great  portion  of  the  articles  formed  in  tiM 


lalli*,  miut  lurr*  «»•  of  their  n>di''Bt  liberty,  to  be  operated  upon  wbile  ihey  ire 
mntlnf,  M  cups,  boxe*,  and  all  kinds  at  hollow  nrticlti ;  iheu  tie  turned  m 

Th*  fiat  laUit,  utlk  mandrU  and  coUar.—A  lathe  of  this  kind  leTTe*  eouaDy 
well  for  centre  work;  therefore  il"  the  profeised  turner  it  without  anundril  lathe, 
one  of  iheie  conuructed  in  the  Bimpleat  and  most  economical  manner,  and  chieBj 
of  wood,  that  the  artificer  may  be  enabled  to  make  it  himself,  is  thown  in  the 
rffigrtre. 


It  ii  put  in  motion  bj  a  foot-wheel  and  treadle,  to  that  the  turner  bu  boili 
liaiida  at  liberty  for  directing  the  tool*.  A  it  the  bed  of  the  lathe,  coniiatiiig 
of  two  beams  or  cbeeki,  fixed  parallel  to  each  other,  and  IsBving  a  tmtll  ipaca 


between  them,  as  shown  in  f^.  3.  The  bed  is  tupported  by  three'uprlgfat  leg^ 
■•  ihown  in  tbe  figure  ;  one  cd  these  projects  aboTa  the  bed  a  luffident  height 
of  the  puppets  C,  for  tbe  support  of  the  extremity  of  the  spindle  or 
i ;  the  other  end  is  supported  in  a  collar  fixed  in  an  iron  ttandard 
, ,  1,  which  it  screwed  down  upon  the  bed,  by  two  botti  marked  1 1.  The 
puppet  D  hat  a  tenon  which  it  received  through  the  bed,  by  which  it  caa 
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be  fastened  at  any  place  ;  /  if  the  back  centre  pin,  fitted  Uureagh  th«  poppet ; 
and  ^  is  a  screw  situated  behind  it,  to  advance  and  keep  it  up  to  his  work.  The 
mandril  is  turned  round  by  a  band  of  cat-gut  passing  round  the  pulley  c,  and 
also  round  the  large  foot-wheel  G,  which  is  made  of  cast  iron,  and  fixed  on  the 
end  of  the  axisH ;  this  is  bent  as  in  the  figure,  to  form  two  cranks,  united  by  two 
iron  links  to  the  treadle  I,  on  which  the  workman  presses  his  foot ;  this  treadle 
is  affixed  by  two  short  boards  to  an  axis  on  which  the  treadle  I  mores.  The 
wheel  G  is  of  considerable  weight  in  the  rim,  and  being  wedged  fast  on  the  axis, 
turns  round  with  it ;  it  is  the  momentum  of  this  wheel  that  continues  to  turn  the 
work  while  the  crank  and  treadle  are  rising,  and  consequently  while  the  work- 
man exerts  no  power  upon  them.  When  the  crank  has  passed  the  vertical  po- 
sition, and  begins  to  descend,  he  presses  his  foot  upon  the  treadle,  to  give  the 
wheel  a  sufficient  impetus  to  continue  its  motion  until  it  arrives  at  the  same 
position  again. 

The  length  of  the  iron  links,  which  connect  the  cranks  with  the  treadle  I, 
must  be  such  that  when  the  cranks  are  at  the  lowest,  the  board  I  of  the  treadle, 
to  which  the  links  are  hooked,  should  han^  about  two  or  three  inches  from  the 
floor.  The  turner  giv^s  the  wheel  a  small  turn  with  his  hands,  till  the  crank 
rise  to  the  highest,  and  pass  a  little  beyond  it,  then  by  a  quick^ tread  he  brings 
the  cranks  down  again,  putting  the  wheel  in  motion  with  a  velocity  that  will 
carry  it  several  revolutions;  he  must  observe  to  begin  his  next  tread  just  when 
the  cranks  pass  the  highest  point,  and  then  it  will  continue  running  the  same 
way  with  a  tolerably  regular  motion,  if  he  is  punctual  in  the  time  of  his  treads. 

The  rest  which  supports  the  tool  while  it  is  in  the  act  of  turning,  is  made 
of  iron,  as  shown  in  Fig.  2 ;  it  is  supported  on  the  bed  of  the  lathe  by  its  foot, 
which  is  divided  by  a  groove  in  the  manner  of  a  fork,  to  receive  a  screw  bolt, 
going  down  through  the  lathe-bed,  and  fastening  it  at  any  place  along  it  by 
a  thumb-nut ;  the  groove  in  tlie  foot  is  for  the  purpose  of  allowing  the  rest  to 
be  moved  to  and  from  the  centre  of  the  lathe,  to  adjust  it  to  the  diameter  of  the 
work  which  is  turning.  The  height  of  the  rest  is  of  some  importance  in  turn- 
ing ;  and  for  some  work  it  should  be  iixed  higher  than  others ;  therefore  tlie  shank 
of  the  cross  piece,  or  1\  upon  which  the  tool  is  laid,  is  received  into  a  socket  in 
the  foot  of  F,  and  can  be  held  at  any  height  by  a  screw.  As  the  socket  is  cylin- 
drical, the  edge  of  the  rest  can  be  placed  inclined  to  the  axis  of  the  work,  when 
tumine  cones,  or  other  similar  work ;  though  the  same  purpose  may  be  accora- 

{dishea  by  the  screw  which  holds  the  foot  of  the  rest  down  to  the  bed  of  the 
athe,  admitting  it  to  stand  in  an  oblique  direction. 

The  mandril  or  spindle  is  the  most  important  part  of  the  lathe;  it  is  made  of 
iron,  in  the  manner  shown  at  Fig.  S  ;  but  the  two  extremities  are*of  steel,  which 
are  hardened  after  being  turned  and  finished ;  the  small  end  has  a  hole  made  in 
it  to  receive  the  point  of  a  screw,  which,  as  shown  at  e^  Fig.  1,  supports  the  end 
of  it ;  the  other  end  of  the  mandril  is  made  larger,  and  has  a  hole  within  it,  cat 
with  a  female  screw,  for  the  purpose  of  fixing  on  the  various  chucks  by  which 
the  work  is  turned ;  the  outside  surface  of  the  end  is  turned  extremely  true,  and 
is  fitted  in  a  brass  collar  at  the  top  of  the  standard  B  ;  one  of  the  bolts,  marked 
t,  which  fasten  the  standard  down,  goes  through  a  stout  iron  plate,  situated  be- 
neath the  bed,  passing  between  the  two  wooden  cheeks.  In  the  top  of  the 
standard  is  a  sauare  hole,  for  the  reception  of  two  pieces  or  dies  of  brass 
which  include  the  mandril  between  them ;  these  are  kept  in  their  places  by 
a  piece  of  iron  t,  fastened  down  by  screws  /  /;  and  m  is  a  screw  tapped 
through  this,  which  presses  the  two  dies  together,  and  thus  adjusts  them 
to  receive  the  neck  of  the  mandril  without  any  shake.  The  screw  which 
supports  the  other  extremity  of  the  mandril  fits  in  two  iron  or  brass  nuts,  which 
are  let  into  the  back  and  front  of  the  wooden  puppet  C,  and  by  turning  this,  the 
mandril  can  be  adjusted  to  run  very  correctly  in  length ;  to  prevent  the  screw 
from  turning  back  when  the  laUie  is  in  motion,  a  nut  is  nlaced  on  the  screw 
outside  of  the  puppet,  and  after  the  screw  is  turned  by  its  nead  to  fit  and  hold 
up  the  mandril,  the  nut  \m  screwed  firmly  against  the  nut  which  is  let  into  the 
outside  of  the  puppet;  this  causes  such  a  pressure  upon  the  threads  of  the 
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screw,  that  it  ii  in  no  danger  of  turning  back,  as  it  would  otherwise  be  liable  to 
do  with  rough  work. 

The  mandril  by  this  means  runs  very  steady  and  accurately  in  its  bearings ; 
and  it  is  plain  that  any  piece  of  work  being  firmly  attache  d  to  the  end  of  it,  by 
means  of  the  screw  before-mentioned,  may  be  turned  by  a  tool  held  over  the 
rest,  in  the  same  manner  as  if  it  was  mounted  between  centres,  but  with 
the  advantage  that  it  be  turned  at  the  end,  to  make  hollow  work  when  required. 
The  foot-wheel  causes  the  mandril  to  revolve  very  rapidly,  so  that  it  will 
perform  its  work  very  quick,  and  the  workman  must  acquire  a  habit  of  standing 
steady  before  his  work,  that  he  does  not  give  his  whole  body  a  motion  when  hia 
foot  rises  and  falls  with  the  treadle  I. 

The  tools  used  in  turning  are  numerous,  and  for  the  most  very  simple ;  they 
consist  chiefly  of  chisels  and  gouges,  and  hooked  tools,  with  edges  differently 
beveled,  so  as  to  adapt  them  to  their  peculiar  objects ;  tools  with  serrated  edges 
for  cutting  solid  and  hollow  screws ;  callipers  of  several  kinds,  gauges,  oil-stone, 
&c.  To  describe  all  these  things  and  their  peculiar  uses,  would  occupy  too  large 
a  space ;  we  therefore  proceed  to  notice  some  of  the  ntpre  important  apparatus 
and  improvements  which  have  been  of  late  years  made  in  lathes,  and  with  which 
some  of  our  readers  are  perhaps  not  yet  acquainted. 

A  very  elegant  and  useful  lathe,  especially  for  amateur  turning,  was  many 
years  a^o  made  by  Mr.  Henry  Maudslay,  of  London.  The  most  important 
feature  m  this  improved  turning  machine,  was  the  substitution  of  a  triangular  or 
prismatic  bar,  upon  which  the  rest  and  centre  puppet  are  constructed  so  as  to 
•lide,  instead  of  sliding  between  parallel  rectangular  cheeks,  as  in  the  last  we 
described.  Since  the  first  introduction  of  this  lathe,  (about  80  years  since,)  the 
triangular  bar  has  been  universally  applied  in  lathes  of  the  best  kind.  Some 
of  the  appendages  introduced  with  Maudslay 's  lathe  are  particularly  deserving 
of  attention. 

The  first  we  shall  describe  is  the  universal  chuck,  of  which  the  subjoined 
figure  will  convey  an  accurate  conception. 
At  a  is  a  hollow  screw,  at  the  bottom  of  which 
is  another  screw,  b  b,  which  is  prevented 
from  moving  endwise  by  a  collar  in  the  mid» 
die  of  it.  One  end  of  the  screw  is  cut  right- 
banded  and  the  other  lef^handed ;  so  that  by 
turning  it  one  way,  the  nuts  c  d  will  recede 
from  each  other,  or  by  turning  it  the  contrary 
^ray,  they  will  advance  towards  each  other. 
These  two  nuts  pass  through  grooved  open- 
ings in  the  plate  e,  and  project  beyond  the 

same,  carrying  jaws  like  tnose  of  a  vice,  by  means  of  which  the  substance  to  be 
tamed  is  held. 

Another  very  important  and  useful  appendage  to  Mr.  Maudslay's  lathe,  waa 
Bis  slide  rest,  which  instrument  is  now  universally  employed  in  the  best  kind 
of  lathes,  for  tumine  the  faces  of  wheels,  hollow  work,  and  numerous  other 
vuiposes.  Since  its  introduction  it  has  received  many  valuable  modifications. 
it  IS  represented  in  the  subjoined  engraving.  At  a  a  is  a  triangular  opening 
to  receive  the  triangular  bar  before  mentioned,  which  is  closed  against  the  lower 
surface  of  the  bar  by  means  of  clamps  and  screws,  not  represented.  The  tool 
lor  cutting  is  fixed  in  the  two  holders  b  b,  by  their  screws ;  these  holders  are 
fisstened  by  a  sliding  plate  c,  which  can  be  moved  backward  and  forward  by  the 
screw  d,  causing  the  tool  to  advance  or  recede.  When  it  is  necessary,  as  the 
taming  of  the  msides  of  cones,  &c.,  that  the  tool  should  not  be  parallel  to  the 
spindle  of  the  lathe,  the  screw  at  e,  and  another  similar  one  behind,  must  be 
loosed,  so  as  to  allow  the  circular  plate  under  the  box  f,  to  turn  upon  its  centre. 
Near  the  four  upper  comers  of  the  lower  portion  of  the  rest  are  small  projec- 
tions, two  of  which  g  a  are  seen ;  they  have  inclined  sides,  and  fit  into  corre- 
sponding angular  openings  h  h  of  the  upper  part  of  the  instrument,  which  slides 
or  rises  Uetween  the  piece  t  and  the  base  k,  in  such  a  way  as  to  prevent  any 
cither  than  a  vertical  motion.    When  this  slide  tool  is  placed  on]  tne  bar  to  be 
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used,  the  distance  from  the  centre  is  adjusted  by  the  screw  /,  which  moves  the 
slide  m  in  its  groove,  and  all  the  apparatus  upon  it ;  while  by  the  screw  n  the 
slide  may  be  moved  in  a  direction  perpendicular  to  the  bar,  and  the  projections 
acting  in  the  slits  h  h,  the  plate  o  will  oe  raised  or  lowered  as  required. 


Such  lathes  as  we  haVe  already  described,  are  not  well  adapted  to  the  turning 
of  long  rods  and  cylinders,  such  as  are  required  in  large  steam-engines  and 
various  massive  machinery,  on  account  of  the  necessity  of  repeatedly  shifting 
the  rest,  and  the  difficulty  of  keeping  the  work  perfectly  uniform  in  thickness 
through  a  considerable  leneth.  Engineers  therefore  facilitate  the  tumioff  of  such 
surfaces  by  means  of  another  machine  called  a  slide  lathe,  by  which  the  work 
is  performed  with  great  ease  and  exactness.  The  principle  of  this  invention 
consists  in  so  constructing  and  attaching  the  body  or  carriage  of  the  rest,  that 
instead  of  being  screwed  down  to  one  place  during  the  operation  of  the  tool, 
and  requiring  to  be  advanced  at  intervals  as  the  work  proceeds,  it  shall  slide 
along  the  surface  of  the  bench  in  a  direction  parallel  to  a  line  drawn  through 
the  centre  of  the  spindle.  At  the  same  time  the  tool,  instead  of  being  merely  ^ 
held  upon  the  rest  with  the  fingers,  is  firmly  fixed  in  its^roper  position  by  screws, 
so  that  it  can  neither  be  driven  off  without  taking  effect,  nor  yet  be  drawn  by 
its  keenness  so  as  to  spoil  the  work.  The  whole  is  managed  in  such  a  way  that,  , 
as  the  iron  to  be  turned  revolves  between  the  centre  points,  the  rest,  with  its 
cutter  or  chisel  advances  slowly  along  in  a  certain  direction,  so  as  to  produce  a 
perfectly  level  rod.  But  besides  the  exactness  attainable  by  this  method,  there 
IS  likewise  the  advantage  of  economy ;  as  one  man,  who  would  with  hard  labour 
apply  the  tool  to  cne  point  at  once  at  a  common  lathe,  may  easily  attend  to,  and 
Jceep  in  work,  two  or  three  slides. 

Tlie  degree  of  velocity,  with  which  the  surface  of  an  article  being  turned, 
ought  to  pass  the  edge  of  the  tool  so  as  to  be  cut  by  it,  differs  materially  in  rela- 
tion to  different  metals.  Cast-iron,  in  consequence  of  its  open  grain,  and 
containing  as  it  generally  does  many  impurities,  is  required  to  revolve  veiy 
slowly,  so  as  to  pass  the  edge  of  the  cutting  tool  only  at  the  rate  of  aboutl  00  feet'per 
minute ;  wrought  iron  and  steel  are  usually  turned  when  revolving  at  a  rate  of 
about  twice  as  quick ;  and  brass  cuts  well  when  coming  in  contact  with  the 
chisel  at  the  rate  of  about  300  feet  per  minute.  To  produce  the  requisite 
velocity  according  to  the  materia]  or  size  of  the  work,  pulleys  of  different 
diameters  are  fastened  on  the  spindle,  as  already  stated ;  so  that  the  larger  the 
work,  the  larger  the  pulley,  and  vice  vertd, 

Mr.  Ibbetson,  an  amateur  turner  of  great  celebrity,  and  the  author  of  a  pretty 
book  on  eccentric  turning,  has  made  many  improvements  in  the  mechanism  for 
ornamental  turning ;  his  eccentric  chuck  is  exnihited  in  the  annexed  figure. 

a  a  is  a  plate  of  brass  of  sufficient  solidity,  ou  which  are  fixed  two  slides  of 
•tcel  b  b,  by  means  of  screws ;  the  holes  which  admit  the  screws  are  mada  a 


little  oral  to  enable  the  ilidea  to  more  nearer  to,  or  fk>^her  frum,  each  other,  if 
neceuaij ;  c  e  e  o  are  four  pieces  of  metal  finnly  fixed  to  plate  a,  and  liaviDg  « 
acrew  in  each,  whicb  presses  on  the  slides  b  b ;  dit  a  plate  of  metal  or  Wan. 
eliding  between  b  b  in  a  dovetail,  and  must  be  made  to  fit  veiy  accurately  when 


the  didei  are  parallel  to  each  other,  and  is  moved  between  the  alidei  by  means  of 
>  Bcrew  working  in  a  slot  made  in  the  plate  a,  and  which  regulates  tlie 
eccentricily,  at  it  moves  the  plate  d,  either  nearer  to,  or  farther  &oin,  the  centra 
of  tbe  chuck,  e  is  a  circular  plate,  whose  edge  is  cut  into  teeth,  and  which  ii 
capable  of  being  turned  round  its  centre,  and  is  held  in  any  position  by  the 
calcb  g,  which  falls  in  between  the  teeth,  and  is  held  in  its  place  by  a  spring  A. 
On  the  centre  of  the  wheel  e  is  fixed  a  screw/,  (exhibited  by  the  shadow  thrown 
OD  the  wheel,)  whose  tlircsdi  correspond  with  the  screw  of  the  mandril  of  the 
lathe,  for  the  purpose  of  fixing  any  chuck,  on  which  is  fastened  the  subttance 
to  b«  turned.  To  this  chuck  Mr.  Ibhetson  has  adapted  a  slide-rest,  of  .t  peculiar 
description,  a«  well  as  his  lathe  and  other  appendages  thereto,  for  an  exTHanHtinn 
of  which  we  must  refer  the  reader  to  his  work,  entitled  Spteimera  in  Eceentric 
Greniar  Taminn,  icilh  Practical  Imtructiansfor  producing  correipondiag  PUcei  in 
that  Art,  published  by  Wellon,  Fleet-streeL  Tliis  workis  illmtrated  by  upwards 
of  sixty  copper-plate  engravings,  and  imitations  of  wood-cuts  of  a  superior 
daacription ;  and  it  is  due  to  the  ingenious  author  not  to  omit  noticing,  that 
tbey  wvnaUjtrodttctdip  l}ie  laihe  bg  himiel/.     In  the  following  page  we  give  • 


copyoftwn'of  the  Hgurei  of  thailmplMt  combinalioni  of  circle*,  ta  which,  u  well 
u  10  all  others,  the  authoi  has  annexed  plain  practical  initruclioni,  lo  that  the 


novice  may  proceed  Btep  by  step  to  produce  the  same  figures  by  turning  the 
screws  of  the  slide-reit  and  the  eccentric  chuck  through  prescribed  spaces ;  and 
from  these  simple  figure*,  by  similar  successive  operations,  he  may  proceed  to 
the  most  elaborate  and  beautiful  designs. 


We  (hall  now  add  a  description  of  Kir.  W.  E.  Wiahtmaa'a  (of  Matdon,  In 
Yoricshire)   excellent  lathe,  as  explained  by  himself  in  a  periodical  jotuvil. 


TURNING.  8S3 

beling  assured  that  it  may  prove  of  the  most  eminent  lervice  to  mechanics,  as 
he  arrangements  arc  extremely  simple  and  easily  understood,  and  the  con- 
truction  such  as  any  tolerable  workman  can  accomplish,  and  avail  himself  of 
he  advantages  it  offers,  at  a  moderate  cost. 

**  Fig.  1  represents  the  lathe,  with  the  cutter-frame  fixed  in  the  compound 
liding  rest,  ready  for  use.  A,  the  triangular  har  on  which  the  machine  is 
nounted.  B  B,  two  pillars,  which  support  the  bar ;  the  parts  6  6  fix  it  to  the 
athe-frame.  C,  the  left-hand  head ;  D,  the  pulley ;  £,  the  mandril ;  e,  the 
crew  on  which  the  chucks  are  fixed;  F,  the  cutter-frame;  /,  the  cutter; 
J,  two  wheels,  which  give  a  slow  motion  to  the  cutter-frame ;  H,  the  rod 
ind  handle  of  the  slow  motion ;  I  I,  two  heads  or  puppets,  in  which  is  fixed 
he  spindle  K,  of  the  cutter-frame ;  L,  a  bar  of  steel,  on  which  the  puppets 
ire  fixed,  and  which  also  fastens  the  cutter-frame  to  the  compound  sliding  rest, 
)y  passing  it  through  a  hole  in  the  tool-frame,  as  will  be  seen,  on  reference  to 
he  figure,  the  part  y  removing  for  the  purpose  ;  M,  a  groove  turned  on  the  edge 
»f  the  cutter-frame,  for  the  string  N  to  work  on ;  O  represents  the  frame  for 
loublc  stringing  the  lathe  ;  P,  a  movable  pulley,  whereby  it  may  [he  fixed  per- 
>endicularly  over  the  cutter-frame ;  Q,  a  weight  attached  to  a  pulley  behind 
he  bar,  fur  keeping  the  string  N  tight ;  R  R  R,  the  pulley's  string  and  weight 
:onnected  with  the  frame  O,  for  double  stringing  the  lathe ;  T,  the  index  to  the 
livision-plate ;  S,  one  of  two  screws  for  changing  the  rectangular  position  of  the 
;ompound  sliding-rest  to  an  oblique.  S,  Pigt,  2  and  3,  represents  the  slide  of 
he  cutter- frame  ;  and  A,  Fig.  3,  the  screw,  whereby  the  slide  is  moved ;  g,  the 
icrew  for  fastening  the  cutter.  Fig.  2,  is  an  enlarged  view  of  the  cutter-frame, 
vhen  removed  from  tlie  rest.  Fig.  3,  represents  the  face  of  the  cutter-frame. 
Fig.  4i  the  back  of  it,  with  the  wheels  of  the  hand-motion.  The  letters  refer  to 
he  same  parts  in  all  the  figures. 

"  This  machinery  is  intended  to  supersede  the  use  of  the  eccentric  chuck,  by 
L8sumi:ig  a  more  natural  and  easy  method  of  engraving,  by  the  tool  or  cutter 
racing  the  work,  instead  of  the  article  doing  St,  that  is  to  be  ornamented.  By 
his  improvement,  the  action  of  the  tool  is  more  distinctly  seen,  than  could  be, 
)y  the  movement  of  the  chuck,  especially  after  a  few  circles  have  been  cut ; 
or,  by  their  rotation,  the  eye  (particularly  of  an  amateur)  is  soon  fatigued,  and 
ret  to  these  inconveniences  a  turner  must  continue  to  submit,  if  no  better 
nethod  could  be  contrived. 

<<  The  principal  advantages  of  the  present  invention,  are  the  following.  At  a 
comparatively  trifling  expense,  (to  the  costly  machinery  now  in  use,)  a  turner 
nay  be  put  in  possession  of  an  apparatus,  which  will  answer  all  the  purposes  of 
eccentric  and  cycloidal  turning,  and  which  will,  at  the  same  time,  form  a  com- 
plete drilling  frame.  As  an  apparatus  intended  to  supersede  the  use  of  the 
eccentric  chuck,  it  combines  many  advantages,  amongst  which,  three  may  be 
Tientioned  that  are  of  importance : — Ist,  As  all  patterns  are  worked  by  the 
li visions  of  the  plate  on  the  small  wheel  of  the  latbe,  a  much  more  extensive 
variety  of  circles  can  he  obtained,  than  could  be  by  the  divisions  of  the  eccen- 
ric  chuck.  2d,  By  slackening  the  screws  «  j^  in  the  large  slide  of  the  compound 
(liding-rest,  a  change  may  be  effi^cted  from  the  rectangular  position  of  the  cutter- 
rame,  to  an  obliqiw  position ;  and,  after  the  proper  angle  is  obtained,  (the 
icrews  being  tightened,)  the  segments  of  circles  can  be  worked  round  a  centre 
^ith  greater  accuracy,  than  could  be  by  tracing  over  patterns  which  1  believe  is 
he  common  method ;  while  the  alteration  ai  my  machinery,  for  such  purpose, 
^ould  scarcely  occupy  a  minute  of  time ;  an  object  which  is  of  no  small  impor- 
ance  for  the  dispatch  of  business.  3d,  The  loss  of  time  in  centring  the  work, 
iccasioned  by  the  necessity  of  removing  it  from  one  chuck  to  another,  to  receive 
ihe  different  ornaments,  (an  evil  severely  felt  by  turners,)  is  obviated  by  my 
mprovement ;  as  also  the  great  difficulty,  so  often  experienced  in  getting  the 
^ace  of  the  work  to  run  true  again,  after  taking  it  from  one  chuck  to  another ; 
rem  their  liability  to  get  out  of  truth  by  the  wearin|;  of  the  screws  in  fixing 
;hem  to,  and  removing  them  from,  the  spindle  of  the  lathe ;  in  which  case 
kyery  effort  at  fine-finishing  would  be  inevitably  defeated. 
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"To  apply  my  nppnratii*  for  cycloida]  turning,  lite  addition  «f  •  rod  i) 

mjuired  to  connect  (he  ciiiter-framo  wilh  ihe  universal  chuck,  aAer  it  it  tcrewcd 
on  the  spindle  of  the  latlie ;  but  whicli,  on  account  of  its  connexion,  (being  k 
bad  draugli Ismail,)  I  am  unable  lo  send.  The  following  deicciption  wilL  I  hope, 
make  iti  eonitraction  appear  Biifficieiitly  intelligible. 


nionled  19  fixed,  and  nliicli  i)  «  common  appendag* 
to  all  lathes,)  1  have  divided  into  14*1  equal  parts,  which  fonn  a  vhcci :  and 
Upon  the  face  of  the  left-hand  head  of  ihc  laihc  is  fixed  d  plate,  and  •  com- 
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■ponding  one  on  tlie  tide  of  the  r«>t,  throufb  wbich  llie  axii  of  ihe  rod  connect- 
ing ibe  chuck  and  cutter-fraine  revolvci.  Now  if  upon  the  rod  u  fixed  s  wheel 
of  twelve  teeth,  working  on  the  wheel  formed  by  the  edge  of  the  universal  chuck ; 
and  if  upon  the  other  end  of  the  rod  is  lixed  a  wheel  of  the  lame  »ize  and 
onmber  ai  thoie  which  work  the  cutter'fraine,  and  to  work  in  one  of  tho«e 
wheels ;  then  it  muit  be  obviuui,  that,  by  Ihe  chuck  revolving  once,  the  wheel  of 
twelve  would  make  twelve  revotutiona,  wliicli  number  would  be  given  to  the 
culler-frame,  thereby  tracing  an  acctirate  circle  of  twelve  cycloid*.  Again, 
bj  changing  the  wheel  of  twelve  to  another  of  proper  proportioni  of  I^,  a 
number  of  cycloid*  would  be  d«*cribed  equal  to  that  proportion.  Then,  by 
•tiding  the  connecting-rod  out  of  gear,  and  moving  the  universal  chuck  any 
number  of  teeth  forward  or  backward,  the  cydcnd*  would  beautifully  intenect 
each  other. 

"  It  may,  perhaps,  be  unnecetsary  fo  add,  that  this,  and  the  eccentric  appa> 
ratui,  must  be  worked  by  the  hand-motion  of  the  cutter-frame."  (In  the 
opposite  page  are  given  two  specimens  of  wood-blocks,  cut  by  Mr.  Wightman 
in  less  than  four  hours.) 

"  To  chanee  it  into  a  drilling  frame,  all  that  is  required,  consisis  in  throwing 
all  the  wheels  out  of  gear,  and  pauing  a  string  over  the  groove  in  tlie  cutler- 
frame,  to  work  on  a  pulley  P,  which  is  fixed  on  the  tame  arbor  ai  the  pulley 
used  in  double-strinemg  a  lathe.  Then  paas  a  string,  (which  should  be  kept  for 
the  purpose,)  over  the  last- mentioned  pulley,  and  under  the  large  or  fly-wheel 
of  the  lathe ;  and  after  the  drill  hat  been  fixed  in  the  eoeket  of  the  cuttei^frame, 
and  adjusted  to  run  true,  or  central,  the  machine  wiU  he  ready  for  worlc.  Now 
il  iDUst  be  clear  that,  by  working  the  treadle  of  the  lathe,  at  in  turning,  a  rotary 
motion  would  be  given  to  the  cutter-frame;  and  after  the  tool  has  been  ad- 
vanced to  the  work,  then,  by  moving  the  large  or  right  angle  slide  of  tbe  rest, 
a  straight  line  would  be  drilled,  of  a  length  in  proportion  to  the  movement  of 
the  slide.  Then  change  the  division  of  the  plate  on  the  small  wheel  of  the 
lathe,  and  if  the  first  line  wan  cut  from  the  centre,  then  cut  the  next  to  the 
centre,'  and  so  on  till  the  whole  is  completed,  when  a  beautiful  circle  of  straight 
lines  would  be  cut  fVom  a  centre^" 

A  very  ingenions  expanding  chuck  was  invented  by  Mr.  Lewis  Gomperl2. 
Fig*-  1  and2  representtwoperspectivevjewt  of  theehuER;  the  first,  as  employed 
lo  gratp  a  piece  of  wood  of  large  dimensions;    Fig,  2.ii  an  opposite  view 


with  tlie  jawi  collapsed,  to  bite  a  smaller  object.  Fig.  3  shows  one  of  the 
clawt  or  Jaws  separately.  The  same  letters  in  each  figure  refer  to  the  same 
narta.  'the  body  of  the  chuck  a,  is  cylindrical,  and  made  of  hard  wood,  «iih  a 
■crew-thread  cut  on  its  periphery.  I'hree  longitudinal  rectangular  grooves  b  6, 
(only  two  of  wbich  are  teen,)  are  then  made  ttuoughout  tta  length,  tlantingly,  ■• 


•bown  by&»i.<AaAUnfee,nff.i.    Hie  three  elatnpti  def.mi  tf  ttUdl 
■howD  entire  bf  Fig.  2,  ue  then  fixed  in  tbeaegnwrM  b/ tb^JoialcdadiA 


bjr  meani  of  a  pin  ttirough  tlieir  centre*  il,  which  pait  tlireuch  the  eoU  tad 
of  the  chuck  i,  and  are  rivetted  to  t,  Ibe  metallic  hoop  of  the  tame.  The  >»—p 
thui  fised  have  a  range  of  motion  in  the  grooves,  aa  tepreieiited  metC  dMf 
by  Fig.  2;  the  thaded  part  I  »ho*a  the  clamp  in  the  poritirai,  wbeti  eanbM 
at  teen  in  Fig.  I ;  (he  tame  in  doited  liiiea  »,  aa  irhtn  tmji^ti  te^li 


and  ihe  angular  pieet  »  repreaentt  that  portien  of  ■  triangnlM'  mnmid  eUd 
ii  fonned  in  the  centre  of  the  cylinder  a,  bj  the  Anting  eula  belorc-mentiairi 
The  clsmpe  i/(/are  made  itrong,  tleeled,  and  hardened  at  the  jawt;  (hw 
external  edEei  (curred  at  repreeented}  are  filed  into  groeva*  or  notchea,  tots- 
reapond  viu  the  icretr-thread  on  the  hard  wood  cjlinder  a ;  the  metallic  rmfi 
or  circular  not  o,  which  it,  of  count,  cut  with  a  tcrew  to  fit  both  tbe  fgnDtr, 
can  therefbre  be  wound  over  any  part  ef  the  cj^nder,  and  by  that  mesni  bo" 
down  the  elampe  firmly  to  the  object  the;  gnap.  When  the  ring  ia  aitnaled  U 
in  Fig.  I.  the  Jawt  aie  i^n  to  receive  a  Ibtkb  piece;  and  when  Aneed  roB^ 
towards  the  back,  the  ring  operates  to  pret*  down  the  dBm|M,  owii^  ts  tbe  eui- 
vature  of  their  aetrated  backt.  Tbe  projection  p,  on  tbe  nng  o,  ii  for  the  eic- 
Tcnience  of  applying  any  thine  to  it,  to  move  it  round  forcibly,  and  a  hgieii 
made  through  it,  for  the  inaeruon  of  a  wire.     The  jawa  of  the  clami«  thovldta 

notched  like  thoie  of  a  vice,  to  obtainaaecura  boldof  theohjed      '       " 

tktm ;  r  u  the  acrew,  by  which  the  chuck  ia  fixed  to  the  laUie. 

^  '^'^  *=^B  the  present  article  by  Ibe  deacriation  of  m  Iwialilifiil  intsnlin 
by  Hr,  John  Andettou,  a  member  oT  the  LondMi  llachaaia'  I      ' 
whom wuaiW«riL«&,Va\qao,  4A«nsii«li;rise,  "fiirthsbaft 
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nft 


onvetaent  of  a  machine ,'"  and  of  whom  Dr.  fiirkbeek  (in  a  publie  addreu  on 
Ui«  dbtributioD  of  tbe  priies,)  slegantly  aqd  justly  gbictred,  ttiat  he  liad  "de- 
rated himself  in  society,  by  becoming  itsbenctactor;"  tbat,  "  thoueh  Bow  awork- 
ng  toiUwright,  Mr.  Anderson  had  evinced  a  genius  that  pointed  him  out  for  a 
)|«tinguished  engineer — probably  a  Smcalon  ox  a  Watt ;  neither  of  whom,  at  his 
■gc,  possessed  to  much  knowledge  of  algebra,  oc  of  geometry,  and  neither  of 
'Stat  bod  (km  given  such  decide  dp  roofs  of  genius." 

After  the  Doctor  had  e^lained  the  construction  and  u«e  of  the  uutnunent, 
M-liicli  was  an  improved  sUde-rest  for  lathei,  Mi.  JVudefioii  nvi  a  piactical 
IJiUtration  of  iti  utili^  by  turning  a  convex  and  a  coucave  r^leti  which  were 
:oinplete4  with  eteat  expeditioni  and  fitted  eacl)  other  with  matliemaljcal 
sactnen.  In  toia  improved  slide-rest  the  object  prppos^  vru  to  hun  the 
nn&cei  of  the  bo^es  circular  in  the  longitudinal  dv^ptjan :  the  curved  sttrlace 
a  (ucl(  direction  being  either  convex  or  cpncave  to  l^e  alts  of  rotation.  And 
t  was  more  especially  intended  to  apply  wl^eu  the  degree  of  curvature  required 
>W  very  sniall,  or,  which  u  t]ie  same  tiling,  vhen  the  radiua  of  the  required 
nirve  was  very  great,  as,  bf  the  present  niode  of  turning,  the  areatett  dimculw 


■  iound  in  such 

Mble  to  the  taming  of  bodies 


Thepni 


equal   t 


nproved  test  is  also  found  to  be  equally  appU- 

1  tlie  form  of  lenses,  whether 

1  turning  straight  or  flat 

'^'iiie  principle  of  the  improTemeot  or  cirde4umii)g  appendage  dependa  upon 
mo  geometncal  propositions ;  1st,  tliat  all  angle*  io  tlia  taina  segment  of  a 
orala  ve  equal ;  and  2d,  that  a  itrught  line  ofany  len^h,  being  made  to  mon 
dw^Ji  pu^allel  to  itself ,  with  one  epd  touching  9,  circle,  the  other  end  will 
iMciihe  a  circle  equal  in  every  respect  to  the  first 
Now  in  the  improved  slide-rest,  shown  in  the  annexed  figure,  the  triangle  icf 


t  made  to  slide  against  the  fixed  pint  at  d  and  /;  whence  the  vertex  c  will 
leacribe  a  portion  of  a  circle  greater  or  less  in  diameter,  according  ai  the  angle 
lef  is  made  more  or  less  obtuse ;  and  further,  the  centre  of  the  circle  thus 
Ivauibed,  will  be  on  the  one  side  or  the  other  of  a  straight  line  joining  d  f, 
lecfrding  as  the  vertex  e  of  the  triangle  is  on  the  opposite  tide. 

JM  sliding  triangle  def  consists  of  three  pieces ;    vii.  of  two    sides  d  e, 
fj,  wi>b4  alitor  opa&ing  in  each  for  the  pins  d  and /to  slide  in;    and 
lia  qtd  ngqffUf  connd  a  Mi)tn  kt  e,  b;  vhi^  mean*  the;  caa  be  mad*  to 
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form  any  angle  with  each  other.  The  third  piece,  or  base  of  the  triangle,  is  the 
connecting-har  ab,  by  means  of  which  the  two  sides  are  held  fast  in  any 
required  position. 

The  sliding-plate  «  e  is  similar  to  that  of  a  common  slide-rest,  and  it  is 
moved  backward  or  forward  by  a  screw  and  handle  h,  in  the  same  manner. 
Upon  this  plate,  and  at  right  angles  to  the  direction  in  which  it  mores,  a  bos  t 
is  made  to  slide ;  within  this  box  there  is  another  sliding  piece  l^  carrying  ihe 
tool  or  cutter  t.  The  interior  sliding-piece  /  is  made  to  move  within  the  box 
by  means  of  a  screw  turned  by  the  handle  a  ;  and  by  thb  means  the  cutter  t 
can  be  made  to  advance  or  recede,  as  in  a  common  slide-rest.  The  sliding-boz  t 
is  connected  with,  and  movable  round  the  centre  c,  at  the  vertex  of  the  sliding 
triangle ;  and  hence  if  the  box  s  move  in  any  direction,  the  vertex  c  of  the 
triangle  must  move  along  with  it  in  the  same  direction. 

Now  suppose  it  were  required  to  tuni  a  body  of  the  form  P  in  the  figure.  Set 
the  sides  a  c  and  c  f  to  the  proper  angle ;  then  screw  the  three  nuts  ach 
tight,  which  will  retain  them  in  that  position.  By  means  of  the  screw  and 
handU  a,  make  the  sliding  piece  and  cutter  t  advance  as  near  the  body  p  as  is 
necessary  to  turn  it  of  the  required  diameter.  Then  by  the  screw  and  handle  b 
move  along  the  sliding-plate  e  tf,  which  plate  will  carry  along  with  it  the  sliding 
piece,  carrying  the  cutter  t,  the  sliding-box  f,  and  the  sliding  triangle  d  cj. 
But  it  will  be  readily  perceived,  that  as  the  trianele  dcf  moves  along,  the 
vertex  c  will  describe  a  portion  of  a  circle ;  and  as  the  end  of  the  sliding4>ox  f 
is  connected  with  the  centre  c,  the  box  will  move  along  always  parallel  to  itsel( 
with  that  end  touching  the  circle  described  by  the  vertex  of  the  triangle.  But 
the  box  f,  and  the  sliding-piece  carrying  the  cutter,  may  be  considered  as 
forming  only  one  piece,  as  they  always  retain  the  same  relative  position  to  each 
other,  except  when  altered  by  turning  the  screw  and  handle  a.  And  hence  the 
joint  of  the  cutter  /,  and  centre  c,  may  be  considered  as  the  two  ends  of  a 
straight  line,  which  always  moves  parallel  to  itself;  and  as  the  one  end  c 
always  touches  the  circle  described  by  the  vertex  of  the  sliding  triangle,  the 
other  end  will  (according  to  the  geometrical  proposition,)  describe  the  portion 
of  a  circle  equal  to  it  in  every  respect ;  and  will  thus,  by  the  revolution  of  the 
body  p,  turn  it  of  the  form  required. 

The  separate  Fig.  tv,  represents  a  concave  roller,  produced  by  shifting  the 
vertex  of  the  triangle,  or  centre  c,  to  the  opposite  side  of  the  connecting  bar  a  b. 

TURPENTINE.  A  transparent  resinous  juice,  flowing  either  naturally  or 
artificially,  by  making  incisions  from  a  variety  of  unctuous  trees,  as  the  larch, 
pine,  fir,  &c.  The  essential  oil  distilled  from  this  resin  u  called  spirit,  or  oil  of 
turpeiitine. 

TUTEN  AG.  A  name  given  in  India  to  the  metallic  zinc.  The  Chinese  copper 
is  also  called  by  this  name,  which  is  alloyed  with  zinc,  and  forms  a  very  nard 
and  white  metal,  but  little  disposed  to  tarnish. 

TYMPAN.  The  double  folding-frame  in  which  tlie  sheet  of  paper  ia  held  to 
receive  the  impression  in  printing. 

TYMPANUM,  or  Ttmpan.  In  Mechanics,  a  kind  of  wheel  placed  round 
an  axis,  or  cylindrical  beam,  on  the  top  of  which  are  two  levers  for  turning  the 
axis,  and  therewith  the  weight  required. 

TY  PE.    The  metallic  letters,  and  other  characters  used  in  printing. 

TYPOGRAPHY.    The  art  of  printing.    See  Printing. 


u. 

ULTRAMARINE.  A  beautiful  permanent  blue  pigment;  until  recently 
obtained  from  the  lapMazulif  or  azure-stone.  (See  the  article  Asuee-Stoks, 
where  that  process  is  described.)  A  method  of  forming  ultramarine  art^Sdalhf 
has,  however,  been  recently  discovered  by  M.  Gmelin.  This  gentleman  was  led 
to  consider  sulphur  as  the  colouring  matter  of  ultramarine^  from  aa  obaervalioD 
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taade  by  M.  Tasseart,  Chat  lie  had  noticed  a  substance  resembling  ultramarine^ 
which  was  found  in  a  furnace  used  jn  the  manufacture  of  soda.  The  following 
is  the  process  by  which  we  are  told  (in  the  Annales  de  Chimief  xxxvii.  p.  109,) 
ultramarine  may  be  infallibly  prepared. 

Pulverized  quartz  is  to  be  fused  with  four  times  its  weight  of  carbonate  of 
•oda,  the  mass  dissolved  in  water,  and  then  precipitated  by  muriatic  acid :  thus 
»  hydrate  of  silica  will  be  formed.  A  hydrate  of  alumina  is  now  to  be  prepared, 
by  precipitating  alum  by  ammonia.  These  two  earths  are  to  be  carefully  washed 
with  boiling  water ;  the  proportion  of  dry  earth  in  each  is  then  to  be  ascertained, 
by  heating  a  small  quantity  and  weighing  it.  The  hydrate  of  silica  used  by  M. 
Gmelin  contained  56  per  cent,  and  the  hydrate  of  alumina  3.24  per  cent. 

As  much  hydrate  of  silica  is  then  to  be  dissolved  in  a  hot  solution  of  caustic 
•oda  as  it  will  take  up,  and  the  quantity  determined ;  then  such  proportion  is 
to  be  taken  as  contains  72  parts  of  an  hydrous  silica,  and  a  quantity  of  the  hy- 
drate of  alumina,  equivalent  to  70  parts  of  dry  alumina  added  to  it,  and  the 
whole  evaporated  together,  being  continually  stirred  until  it  becomes  a  damp 
powder. 

This  combination  of  silica,  alumina,  and  soda,  is  the  basis  of  ultramarine,  and 
is  now  to  be  coloured  by  asulphuret  of  sodium  in  the  following  manner.  A  mix- 
ture of  two  parts  of  sulphur  with  one  part  of  an  hydrous  carbonate  of  soda,  is  to 
be  put  into  a  Hessian  crucible,  covered  up,  and  then  gradually  raised  to  a  red 
heat,  until  it  is  well  fused ;  then  the  mixture  is  to  be  throvm,  in  very  small 
quantities  at  a  time,  into  the  midst  of  the  fused  mass.  As  soon  as  the  effer- 
Tescence  occasioned  by  the  water  in  one  portion  has  ceased,  another  portion  is 
to  be  added.  Having  retained  the  crucible  at  a  moderate  heat  for  an  hour,  it  is 
to  be  removed  from  the  fire,  and  allowed  to  cool.  It  now  contains  ultramarine, 
mixed  with  excess  of  sulphuret :  the  latter  may  be  separated  by  water.  If  sul- 
phur is  in  excess,  a  moderate  heat  will  dissipate  it.  If  all  the  parts  are  not 
equally  coloured,  a  selection  should  be  made,  and  then  the  substance  reduced  to 
a  fine  powder. 

This  cheap  artificial  product  is  equal  in  brilliancy,  clearness,  and  durability, 
to  the  mineral  ultramarine,  for  which  we  paid,  a  few  years  ago,  as  much  as 
five  guineas  an  ounce ;  and  it  is  now  so  extensively  manufactured  as  to  be  capa- 
ble of  being  substituted  for  cobalt,  from  motives  of  economy. 

UMBER.     A  brown  coloured  earth,  prepared  as  a  pigment.    See  Painting. 

UMBRELLA.  A  very  light  portable  canopy,  of  a  circular  form,  firamed  of 
radiating  ribs  of  whalebone,  or  other  suitable  material  covered  with  silk  or  cloth, 
and  supported  by  a  central  stafi*overthe  heads  of  persons,  to  defend  them  from  rain, 
or  the  scorching  of  the  sun*s  rays.  These  well-known  convenient  machines 
have  received  but  little  improvement  in  their  construction  since  their  introduction 
into  this  country  from  the  East,  where  they  have  been  in  use  from  time  imme- 
morial. British  manufacturers  have,  however,  by  a  series  of  trifling  ameliorations, 
contrived  to  reduce  the  weight  of  them  considerably ;  to  give  them  more  elegance 
of  form,  and  a  more  perfect  and  durable  action,  considering  their  slender 
substance,  and  the  delicate  materials  of  which  they  are  made,  than  they  had 
previously  attained:  and  all  these  ameliorations  have  been  effected,  together 
with  a  reduction  of  cost  equal  to  fifty  per  cent. 

Our  readers  will  have  noticed,  that  in  umbrella  frames  of  the  usual  construc- 
tion, the  ends  of  the  whalebone  are  connected  to  the  top  of  the  umbrella  by 
means  of  a  rinp  of  wire,  and  that  the  ends  of  the  stretchers  are  in  like  manner 
jointed  to  the^sliding-tube,  which  is  evidently  a  very  unmechanical  arrangement, 
however  cheap  and  easy  of  execution  it  may  be ;  for  the  axes  upon  which  these 
parts  turn,  instead  of  being  straight  lines,  are  the  arcs  of  a  circle,  by  which  the 
friction  is  so  excessive  and  uneoual,  as  to  insure  the  speedy  destruction  of  these 
essential  parts,  and  an  early  dismemberment  of  the  whole  machine.  In  old 
frames,  it  will  likewise  be  noticed  that  the  stretchers  are  connected  to  the  middle 
of  each  whalebone  by  pins  passing  through  the  latter ;  the  holes  for  these  pins 
of  course  weaken  the  whalebones  exceedingly,  and  the  subsequent  wear  of  these 
parts  redi)pejB  their  thickn^  so  much,  that  they  are  frequently  breaking; 


wo 
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fUid  the  raptin  Tcquirid,  from  one  cauie  or  aDotIiu>  art  tlu  mofm  of  mndi  io- 
oonvcnience  in  rainy  weather. 

To  obviate  IheBB  defects,  each  tThalebonc  in  Mr.  C*n«f '■  patent  umbnllM  it 

connected  to  the  top  by  sepamte  Bttaight  axel,  and  in  iuch  a  manner,  that  they 
cannot  ihift  themielvea  out  ot  their  places ;  the  itretchen  on  (ha  tlidin^tube 
are  connected  in  the  eame  way  to  Iha  «Uding-tube4 ;  and  the  alretchwt  are 
jointed  lo  tlie  wholcljonei  without  perforating  the  latter,  u  will  ^  uudcntood 
upon  referenee  lo  the  annaiqd  ligurea :  wherein  Fig.  1  a1)tivn  one  qf  tha  andi, 
^  of  the  whalebonei,  li  the  ferrule  on  it,  witli  a  pin  c  puling  through  iti  joioted 
end.     Fig.  2  ahows  a  plan  of  the  brau  plate, — d  MWS  *  P'Ma  to  ^riuch  llw 


lure  through  which  tha  nqibrella  itick 
laing  through  tha  joint^  and  lying  in- 


nia*  J  c  c  denote  the  pini  o:  .         _  _ 

ded  in  cavitiea  in  (he  piste,  wherein  titey  are  conpneq  oy  rue  icrews 
of  the  top  brasi-plala,  shown  by  Fig.  3.  'i'lie  Btrelchen  being  jointed  ta  tha 
(liding-lube  in  llie  same  manner  ai  before  mentioned,  need  no  illuitiation. 
F>g.  4  a  is  one  of  the  eight  radiating  whalebones ;  k  a  ferrule  mnde  by  the 
doubling  of  gheet  brats  around  it,  to  receive  the  pin  or  aiii  of  the  atretchei  5^ 
without  impairing  the  whalebone ;  and  the  manner  of  doing  thi«  ii  shown  in  Ibe 
transversa  section  in  fig  5,  in  which  tha  aame  letten  of  refafcnea  io^cate 
similar  parts  as  are  already  described. 

The  constmclion  of  Mr.  Deacon's  patent  umbrella  ia  ia  *odm  rciptctt 
aimtlar  to  Mr.Caney's.  The  ends  of  the  ribs  in  the  formal  bava  dovetailed 
cape,  these  dovetails  enlning  reeeiaei  or  nolchea  in  a  c^  whnein  they  ara 
confined  by  a'plste,  which  is  screwed  down  upon  the  wholes  Instead  of  (olid 
aticbi,  Mr.  Deacon  make*  them  of  metal,  hollow,  and  coven  Ihan  «iU)  clodi 
varnished  over,  or  with  a  coaling  of  papier  macbe,  impressed  sith  onutnental 
designs.  Tbesa  eovntnga  to  the  metal  are  intended  to  prevent  the  woplfsant 
and  destructive  effects  of  oudalion  of  the  metal. 

A  patent  wa^  alto  recently  taken  out  hy  Mr.  J.  G.  Hancock,  of  Birminghan, 
ffir  making  light  elastic  rods  for  unbr^tu,  whiM,  &c,,  in  the  fellowiiig  maaocc. 
Willo*  rods  of  a  suitable  len^h  have  the  piilt  ctatained  in  thefn  bqcpd  out, 
•nd  in  its  place  are  put  mittllic  wires  or  loda.  The  woodafi  pxtari^n  are  tbaa 
■tduced,  bj  flttata  or  ether  luitable  toc^  to  the  required  iht^ ;  awvacda,  tbay 
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an  coloured  and  varnuhed,  to  give  them  the  appearance  of  whalebone.  One 
end  of  the  rods  is  capped  with  metal  tips,  the  other  end  has  the  Wires  ez* 
tending  a  little  beyona  the  wooden  cases,  which  are  flattened  and  drilled  to 
receive  the  wires  that  fasten  them  to  the  handles,  and  forms  the  joint  on  which 
they  turn.  Numerous  other  patents  hare  been  taken  out  for  improTements  in 
umbrellas,  chiefly  by  the  Birmingham  manufacturers,  for  the  metallic  portion  of 
the  apparatus,  termed  the  *'  furniture,"  and  the  extremely  low  price  at  which  it 
is  manufactured,  is  a  matter  of  astonishment  to  those  who  are  unacquainted 
with  the  facilities  of  the  workshops. 

URANIUM.  A  metal  discovered  by  Klaproth  in  1789,  in  the  mineral 
called  peek  blefide.  In  this,  it  is  in  the  state  of  sulphuret.  But  it  likewise 
occurs  as  an  oxide  in  the  green  mica,  or  urangliminer,  and  in  the  uranochre. 
In  obtaining  it  from  pech  blende,  the  mineral  is  reduced  to  a  flne  powder,  and 
digested  in  a  nitric  acid  till  every  thing  soluble  is  taken  up.  The  solution  is 
then  rendered  as  neutral  as  possible  by  evaporation,  and  a  current  of  sulphu- 
retted hydrogen  gas  pas^vd  through  it  as  long  as  any  precipitate  continues  to 
fall.  The  liquid  is  filtered  and  heated,  to  drive  ofl*  all  traces  of  sulphuretted 
hydrogen.  It  is  now  precipitated  by  caustic  ammonia ;  and  the  precipitate,  after 
being  well  washed,  is  digested,  while  still  moist,  in  a  rather  strong  solution  of 
carbonate  of  ammonia.  A  fine  lemon-coloured  liquid  is  obtained,  which  being 
set  aside  for  a  few  days,  deposits  an  abundance  of  fine  yellow  crystals,  in  rec- 
tangular prisms.  These  crystals  being  Exposed  ]to  a  red  heat,  give  out  water, 
carbonate  of  ammonia,  and  oxygen  gas,  and  leave  a  black  oxide  of  uranium, 
which  is  easily  reduced  to  the  metallic  state,  bv  passing  a  current  of  hydrogen 
gas  over  it,  placed  in  a  glass  tube,  and  heated  by  a  spirit-lamp.  The  metal 
presents  a  liver-brown  colour,  and  remains  in  the  state  of  powder,  being  inca- 
pable, according  to  some  authors,  of  reduction  by  any  heat  that  can  be  applied 
to  it.  Dr.  Ure,  however,  informs  us  that  50  grains,  after  being  ignited,  were 
formed  into  a  ball  with  wax,  and  exposed  in  a  well  closed  charcoal  crucible  to 
the  most  vehement  heat  of  a  porcelain  furnace,  the  intensity  of  which  gave  170<* 
on  Wedgewood's  pyrometer.  Thus  a  metallic  button  was  obtained,  weighing 
28  grains,  of  a  dark  grey  colour,  hard,  firmly  cohering,  finely  grained,  of  very 
minute  pores,  and  externally  glittering:  specific  gravity,  8.1.  A  sulphuret  of 
uranium  has  been  formed,  which  has  a  black  colour,  and,  when  rubbed,  a 
metallic  lustre.  Its  capacity  for  forming  alloys  with  other  metals  rem&ins  un- 
InTCstigated,  in  consequence  of  the  scarcity  of  the  metal.  The  oxides  of 
uranium  are  used  in  painting  upon  porcelain  yielding  a  fine  orange  colour  in 
the  enamelluig  fire,  and  a  black  one  in  that  in  which  the  porcelain  itself  is  baked. 

URN.  A  vessel  of  a  vase  or  pitcher-like  form.  The  vessels  employed  to 
keep  water  boiling  at  the  tea-table,  have  thus  been  called  tea-urns,  notwith- 
standing every  possible  deviation  has  been  subsequently  made  in  their  figure. 
The  construction  of  ordinary  tea-urns  are  too  well  known  to  our  readers  to  re- 
quire elucidation,  but  we  shall  here  present  to  their  notice  one  that  possesses 
some  claims  to  novelty,  which  must,  however,  be  regarded  rather  as  an  elegant 
article  of  luxury,  than  one  of  great  utility.  This  is  Sharp*8  patent  tea-urn,  com- 
bined with  a  tea-pot  in  one  vessel. 

The  eneravinfi^  on  page  832  represents  a  vertical  section :  a  is  tlie'ordinary  urn 
or  veinei  &at  homs  the  water;  b  the  red-hot  heater  in  its  case ;  below  the  bottom 
d  the  case,  the  tube  is  prolonged  so  as  to  form  a  small  chamber  underneath, 
which  is  perforated  at  its  sides  with  minute  holes,  through  which  the  water 
poaaea  by  a  tube  d'mto  the  vessel/,  when  the  valve  (shown  in  the  figure  aa 
doa(M)  u  opened  by  tiuming  the  lever  e.  The  infusion  is  represented  by  the 
unbroken  straight  lines  at  /,  and  the  tea  leaves  by  dark  looking  masses,  lie 
upon  a  grating  or  perforated  bottom,  through  which  passes  clear  to  the  lowest 
enamber  g,  fMn  whence  it  is  drawn  ofl*,  as  wanted,  by  a  tube  and  cock,  seen 
only  in  aection  at  A.  The  plain  water  is  drawn  from  the  vessel  a  by  means  of 
Ae  kmg  tnbe  k  (which  passes  directly  through  the  tea  chamber)  and  a  cock  at 
if  abo  viewed  only  in  section.  It  should  now  be  observed  that  bpth  the  cocks 
k  mA  1 9Xt  indoaed  in  one  tube  or  case,  but  they  are  united  externally  into 
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one,  but  provldn]  with  two  lever  baudlei,  the  handle  on  &»  left  aj^ying  to 
the  tea-cock,  and  that  on  the  right  to  the  watei-cock. 

It  is  a  common  remark,  that  tea  made  iioin  th*  water  in  an  nra  b 
never  *o  good  aa  that  supplied  directly  from  a  tea-kettle,  en  account  of  lb* 
difficulty  of  keeping  the  water  boiling  in  the  urn.    To  temady  thia  dsfiMt,  wa 


(ubmit  'to  tea-urn  makeri  a  diflerent  arrangement  Let  the  veaial  be  placed 
above  (he  water  vessel,  (not  in  it)  and  the  metallic  supporta  which  coanect  the 
two  veuels  would  conduct  BulHcient  lieat  to  keep  the  infiauon  at  ■  proper 
temperature.  Unileniealh  the  wBter-veuel  bum  a  imall  ipiiit-lamji,  tnatead  of 
inserting  the  red-bot  beater,  which  ii  a  very  inconvenient,  and  by  no  mMo*  an 
economical  mode  of  heating. 


Vacuum,  a  space  devoid  or  cdl  matter.  See  Air-Pdhp,  Srutt-Sitrai^ 
and  Gab-Encinc. 

VALVE.  A  cover  or  step  to  en  aperture,  to  control  or  direct  the  Mun*  at 
/liiida.  They  are  usually  contrived  ■□  as  to  be  readily  opened  by  a  anudl  fixM 
acting  on  one  Bide,  and  to  be  perfectly  closed  by 'a  force  when  acting  m  tha 
opposite  tide;  and  thus  either  admit  theentranceofn  fluid  intoa  b'  ' 


and  prevent  il 


r  else  permit  the  fluid  to  escape,  and  piwent  ili  r^ 

Valves  are  members  of  the  nimost  importance  to  iteam-enginea,  piunM  Mtd 
a  variety  of  pneumatic,  bydraulic,  and  liydroatatic  machinery ;  and  vttftn 
constnicted  in  a  great  variety  of  forms,  to  adapt  them  to  llieiT  aemal  naa^ 
Cocka  employed  for  drawing  olT  liquids  are  itrictly  valvet;  but  thia  olaMof 
valves  wc  have  described  under  their  usual  distincdva  name.  (Sea  CocKa.) 
Numeroui  valves  have  been  described  in  different  part*  of  thia  woA,  vdAk 


I  above 'mentioned  niluect*,  we  itiall  therefore  notice  in  this  pliiM  lemal 
rietiei  which  have  not  been  elsewliera  ajtcclHed. 

lirolilr-valeei   utuallj  coniiat  of  a  thin   disc,   or  circuUr  plata   of  melal 
cich  entirely  ciouei  the  area  of  tlia  ateam-pipe,   *hen  eloied,  being   aup- 

ported  by  an  ixit  or  spindle,  which  paueB  diame' 

_  tricnllj  tbiough,  or  acros*  it,  and  into  the  aides  of 

the  pipe.     This  spindle  ia  eitlier  operated  upon  by 

E, -y'  tlie  governor  of  the  engine,  or  by  hand,   setting  (t 

□pen  to  luch  en  extent  as  to  intercept  more  or  Teas 
of  the  ateam  in  its  passage  to  the  engine. 

FUldt  iUgniatiiig  Valve,  ia  a  contrivance  intro- 
duced by  Mr.  Joshua  Field,  of  the  firm  of  Maudalay 
and  Co. ;  the  object  of  which  ia  to  regulate  the  aup- 
*  of  the  steam  in  a  superior  manner  to  the  throttle-valve  last  deacribed.  "  It 
laiata,"  says  Mr.  Tredgold,  "  of  a  valve,  placed  in  the  situation  usually  assigned 
ihe  throttle- valve,  that  is,  near  to  the  place  where  the  ateam  is  admitted  to 
cylinder.  Thia  valve  ia  to  be  opened  at  once,  at  the  commencement  of  the 
ike,  BO  as  to  aSbrd  full  paaaage  to  (he  steam,  and  abut  at  once,  ailer  a  certain 
t  of  the  stTolie  ia  made,  that  the  rest  of  it  may  be  completed  by  the  power  of 
steam."  Thus,  by  causing  the  valve  to  be  shut  sooner  or  later  during  the 
ike,  the  power  of  the  engine  may  be  regulated. 

Dne  of  the  earliest  and  aimplest  contrivances  for  completely  reversing  the 
action  or  course  of  steam,  water,  or  other  fluids,  is  the  four-way  cock.  It  was 
•pted  by  Leupold,  upwards  of  a  hundred  years  ago,  and  has  been  subae- 
tntlv  applied  in  very  numerous  instances ;  particularly  by  Mr,  Trevithick, 
'  e  high-preasure  engines,  and  by  most  of  the  locomotioniits  of  the 
present  day.  The  annexed  cut  exhihits  a  vertical  section 
of  a  foui^way  cock,  considered  ««  applied  to  a  steam- 
engine:  at  a  is  represented  the  communication  with  the 
«team-pipe  from  trie  boiler ;  b,  the  passage  to  the  upper 
side  of  the  piston ;  e,  the  passage  to  the  lower  side  uf 
the  piston  \  and  d,  the  paaaage  to  the  condenser.  In  the 
position  represented,  the  steam  ia  entering  the  upper 
part  of  the  cylinder,  and  the  lower  part  is  open  to  the 
condenser ;  but  if  the  plug,  or  central  movable  portion 
of  the  cock  he  moved  one  quarter  of  a  revolution  in  either 
directitm,  then  the  ateam  is  opened  to  the  lower  part  of 
the  cylinder,  and  tlie  upper  part  ia  open  to  the  con- 

1u  D  Aidt-valvt  n  another  invention  of  great  nmplieity,  and  has  been  much 
1  for  opening  and  changing  the  communications  with  the  steam  cylinder. 
Ill  the  annexed  vertical  section,  a  is  the 
Bicam-boz,  into  which  steam  is  admitted 
by  the  passa«e  b.  This  box  ia  bolted  to  n 
pipe,  divided  into  three  compartments;  viz. 
d,  a  passage  leading  to  the  upper  side  of  the 
piston ;  r,  a  similar  passage  to  the  under 
side  of  the  piston  ;  and/,  a  passage  to  the 
condenser.  The  apertures  of  this  passage 
are  faced  with  braas,  and  the  space  between 
each  opening  it  is  essentially  necessary 
should  not  be  leas  Uian  each  opening  ;  g  ii 
a  block  of  metal  with  a  cross  cast  into  it. 
equal  in  length  to  two  of  the  apertures 
and  the  apace  between  them ;  the  block  it 
generally  faced  with  brass,  and  grooved 
upon  the  pipe,  so  as  to  slide  over  it  steam- 
tight;  it  ia  moved  by  a  rod,  which  p 


•  lliiffing-box  k.     In  this  poaition  of  the  alide,  the  steam  would  paai 
d  l«  iIm  lop  of  the  piston,  whilst  the  sleam  beneath  the  piston  would 


put  tiirough  t,  to  the  eduction -passage/.     On  niung  the  ilide,  d  become*  opcB 
to  the  eductioti-pus«eei  and  e  to  the  ■team. 

The  D  ilide,  and  the  four-«a^  cock,  however,  equally  poaieM  «  great  debet, 
that  or  waMiiig  the  iteam  that  nils  the  passages  of  the  movable  portion  of  the 


nlves,    Walt,  Homblower,  Mntdoefa,  and  other  iteam  mechL _ 

modifieatHiin  of  theD  and  other  Talvel,  bv  which  the  waste  of  steaui 
obriated.    The  inTentwn  of  Mr.  Mum^  in  1789,  (bt  the 


VALVE.  885 

very  high  iu  our  estimation,  being  attended  with  less  friction  than  the  others ; 
we  accordingly  give  it  insertion  in  this  place. 

o  in  the  foregoing  figure,  is  the  pipe  conveying  steam  from  the  boiler,  and 
delivering  it  into  the  descending  pipe  p,  which  terminates  in  the  valve  q, 
opening  to  the  lower  part  of  the  cylinder,  by  the  side  opening,  marked  as  a 
soaded  parallelogram,  while  the  valve  r  opens  a  similar  communication  with  the 
upper  part  of  the  cylinder ;  so  that,  by  the  successive  opening  and  shutting  of  q 
and  r,  steam  is  admitted  above  and  below  the  piston,  s  is  the  lower  end  of  the 
eduction-pipe,  joining  on  to  the  condenser,  and  this  pipe  opens  first  to  the  lower 
part  of  the  cylinder  by  the  valve  t^  and  leads  also  by  a  perpendicular  continu' 
ation  of  the  same  pipe  v,  to  a  valve  a,  by  which  a  connexion  is  formed  with 
the  upper  part  of  the  cylinder.  The  two  apertures  into  the  cylinder,  called 
nozzles,  are  therefore  common  both  to  the  admission  of  steam  and  the  forma- 
tion of  a  vacuum,  which  is  regulated  simply  by  the  working  of  the  valves.  For 
as  the  figure  now  stands,  r  is  the  only  open  valve  in  the  steam-pipe ;  consequently 
ateam  would  enter  above  the  piston  to  depress  it,  while  a  vacuum  would  exist  be- 
low it,  on  accoimt  of  the  valve  t  being  open  to  the  condenser.  As  soon  as  the 
piston  reaches  the  bottom  of  the  cylinder,  the  valves  r  and  /  must  be  shut,  and 
u  and  q  opened ;  when  the  steam,  being  no  longer  able,  to  get  through  r,  would 
pass  down  the  pipe  p,  and  enter  the  lower  part  of  the  cylinder  through  q.  Mean- 
time u  being  opened  to  the  condenser  by  the  pipe  v,  would  cause  the  necessary 
vacuum  above  the  piston  to  permit  its  ascent,  wnich  being  completed,  the  valves 
must  be  again  put  mto  the  position  shown  in  the  figure,  to  produce  its  descent, 
and  so  on.  It  will  be  sufficient  to  state  that  those  valves  are  operated  upon  either 
by  levers,  passing  in  a  steam-tight  manner  through  the  side  pipes,  or  that  some- 
tunes  the  spindles  of  the  valves  are  made  to  act  one  through  the  other,  in 
stuffing,  as  in  the  present  instance,  when  they  are  worked  by  external  applica- 
tions. 

By  this  most  ingenious  contrivance  no  waste  of  steam  arises,  excepting  in  the 
small  aperture  between  the  valves ;  and  the  friction  is  obviously  much  less  than 
in  either  slides,  cocks,  or  perhaps  any  other  kind  of  valve ;  the  only  resistance 
to  their  motion  being  the  pressure  upon  the  upper  side  by  the  steam,  when  in 
their  seats.  Their  cost,  compared  to  slide-valves,  is  much  greater ;  but  as  they 
are  not  liable  to  material  wear,  and  work  with  great  accuracy,  the  extra  ex- 
pense does  not  prevent  their  very  general  adoption  in  large  engines. 

Having  thus  briefly  noticed  a  very  important  class  of  valves,  we  proceed  to 
describe  another  kind,  which  have  even  stronger  claims  upon  our  attention,  as 
will  be  immediately  acknowledged  by  naming  them, 

Safety^alvet ;  these  are  welL-fitted  covers  or  stops  to  apertures  made  in  the 
upper  part  of  a  boiler,  and  loaded  to  such  a  degree  only  as  the  steam  will  over- 
come when  it  exceeds  the  required  pressure.  The  contrivance,  in  nearly  its  usual 
form,  (the  steelyard,)  was  invented  by  Dr.  Papin,  in  1684,  as  an  appendage  to  his 
apparatus  for  dissolving  bones  by  steam  at  high  pressure ;  but  the  first  applica- 
tion of  it  to  the  steam-engine  was  by  Savery.  it  received  some  improvement 
by  Beighton  in  1718,  since  whose  time  the  same  form  continues  to  be  used,  as 
will  be  recognised  in  numerous  steam  apparatuses  in  various  parts  of  this  work. 
Afr.  Tredgom,  in  his  able  work  on  the  steam-engine,  observes,  that  it  would  be 
a  great  improvement  upon  safety-valves,  if  they  could  be  so  constructed  as  to  be 
reueved  of  a  part  of  their  load,  when  raised  firom  their  seat.  With  the  view  of 
effecting  this  object  in  the  sinoplest  possible  way,  we  suggested  many  years  ago, 
[see  Register  fif  ArUf  Sfc,  forJanuaryj  1829)  the  employment  of  a  bent  lever,  m- 
itead  of  the  straight  one  in  common  use,  the  action  of  which  will  be  understood 
by  reference  to  the  subjoined  diagram,  wherein  is  also  represented  some  other 
tnodifications  of  the  safety-valve,  which  it  is  presumed  are  worthy  the  consider- 
ation of  the  practical  man. 

a  represents  an  aperture  in  the  upper  part  of  a  boiler ;  over  this  aperture  is 
fitted  a  short  tube  6,  turned  true  at  the  top  with  a  round  edge,  so  that  a  steel 
plate  c,  flat  and  smooth  on  its  under  side,  may  touch  at  every  part ;  this  steel 
plate  ts  suspended  by  a  joint,  to  a  curved  lever  d^  whose  fulcrum  is  at  e,  and 
vhich  u  loaded  at  the  other  end  with  a  weight  of  10  pounds.    Now,  as  the 


lever  hu  a  power  of  five,  (u  ihown  by  the  6re  equal  dotted  ipacM,)  (be  pUta 
c  is  presied  down  upon  the  edee  of  6,  with  a  foice  of  50paunM;  but  wben  the 
lever  and  weight  are  ntied,  by  the  prenure  of  the  ateam,  into  the  poiitioQ 
■hown  by  the  doti,  the  force  actitig  against  tbe  ateara  i*  reduced  to  40  poundi ; 


Qhd,  in  ptopoHion  to  the  force  of  the  ruili  of  the  Meam,  by  which  the  leTtr 
uould  be  raised  higher  and  higher,  would  the  resiit&nce  be  reduced  to  30,  30, 
^-c.  as  marked.  Till*  valve  might  be  encloied  ai  uiual,  in  a  box,  with  a  pipe 
lu  conduct  olTthe  waste  iteam. 

'I1ie  Bubjained  diagram  la  explanatory  of  another  mode  of  producing  a  timilar 
result,  but  by  different  meaiii ;  a  ii  the  aperture  in  the  boiler,  on  which  is  fixed 


a  gun-metal  plate  or  valve  seat ;  6  it  a  iteel  cup-valve,  turned  rounding  at  tbe 
edgea,  resting  on  the  leat,  and  BUipended  to  a  ■traig;ht  lever  e,  wfaoae  fulcrum 
is  at  d.  At  t,  is  the  wewht  auipended  to  the  axle  of  a  little  wheel,  which  ii 
made  to  travene  freely  the  upper  aide  of  the  lever  c,  but  whereoa  ita  rang* 
may  be  limited  by  means  of  a  sliding  stop  /,  provided  with  a  tel  acrew.  ^  is 
the  valve  box,  and  k  a  pipe  to  carry  off  the  waste  ateam.  It  will  now  be  obvioui 
that  when  the  ateam  lins  tlie  valve,  the  load  on  the  lever  will  move  towards  the 
fulcrum  to  auy  extent  desired,  and  thus  the  boiler  may  be  relieved  in  pnipartiaa 
to  the  exigency  of  the  case,     ll  scarcely  need  be  remaiked,  that  oi 


. .._e  that  has  been  productive  of 

The  tafety-valvei  employed  by  Woelf,  are  calculated  to  prevent 


amplicity ;  tbeir  fonn  it  rcpieaenlei  in  the  m 
.,_-.„.....,  J.  2  a  vertical  section.    The  ihape  may  be 

dvred  at  lirat  a*  a  Kilid  cylinder  with  a  circular  plate  at  top;  three  large  longi- 


their  leali,  and  are  of  great  n  ,  . 

lig.  1  being  a  plan,  and  fig.  i  a  vertical  section.    Tlie  shape  may  be  conii- 


i  grooTei,  ai  ihown  at  a  a  a,  leduce  the  cylinder  to 
the  figure  repreiented.  The  plug  thu*  made,  fita  easily  into 
the  aperture  of  the  boiler,  and  the  iteam  which  filU  the 
groovd^  preuing  agaimt  the  under  lurface  of  the  head,  raiiet 
the  plue  and  eicapei.  The  plug  is  loaded  either  by  a  weight, 
niapended  to  it  inaide  the  boiler,  by  veighti  laid  directly  upon 
the  top,  or  by  the  agency  of  a  loaded  lever. 

In  a  letter  to  the  editor  of  the  Leedi  Mercury,  Mr.  Benja- 
min Hicks,  of  the  iteam-enzine  manufactory  at  Bolton,  in 
Lancashire,  taya,  "  I  am  induced,  in  order  to  prevent  the 
Kccidenta  occMioned  by  the  bursting  of  iteam-boilera,  which 
are  of  such  frequent  occurrence,  and  generally  so  dreadful  \a 
their  consequences,  to  send  to  you  the  drawing  and  descrip- 
tion of  a  aelf-Bcting  safety-valve,  of  my  invention,  (or  rather 
application  to  a  new  purpose;  a  similar  valve  having  been 
used  as  a  claclt  fur  a  pump,  upwards  of  a  hundred  years  ago.) 
You  will  readily  perceive,  from  the  several  advantages  it  possesses,  that 
-wherever  its  adoption  shall  take  place,  it  would  (carcely  be  posaible  for  an  acci- 
dent of  this  nature  to  arise. 

"  The  opening  in  the  lower  part  of  the  box,  which  is  fixed  on  the  boiler-top, 
or,  if  more  convenient,  on  any  part  of  a  pipe  having  a  free  communication  with 
it,  requires  to  be  of  such  a  size,  as  to  allow  a  free  dischaige  of  all  the  iteam  the 
boiler  is  capable  of  generating.     This  opening  is  covered  with  a  spherical  valve, 


(the  outer  part  of  which  is  brus,  filled  with  lead,)  of  such  a  size,  and  conte 
quently  weight,  at  to  press  with  ai  many  poun<b  per  square  inch,  u  it  is 
intended  the  strength  of  the  steam,  at  a  maximum,  in  the  boiler,  should  ever  be 
laiaed  to  ;  the  obvious  effect  of  which  will  be  {owing  to  iti  being  prrfeclti/  fret 
from  friction,)  that,  at  the  very  instant  the  steam  arrives  at  that  degree  of  pre>- 
rare,  the  ball  will  be  raised,  and  a  discharge  instantly  take  place.  The  pro- 
j«etions  are  merely  to  prevent  the  ball  at  any  time  from  falling  off  its  seat 

"From  the  nature  of  its  construction,  requiring  no  packing  or  attention,  itcan 
be  entirely  secured  from  the  interference  of  careless  attendants,  and  a  pipe  may 
be  attached  to  the  branch  of  the  box,  and  continued  into  the  chimney,  or  any 
other  convenient  place  of  discharge.  I  should  not  recommend  this  valve  to  be 
used  as  a  substitute  for  the  ordinary  safety-valve,  (improperly  so  called,)  but  in 
■11  cases  in  addition,  and  so  loaded,  as  only  to  be  brought  into  action  at  a  very 
trifiing  additional  pressure  above  that,  to  which  the  other  valve  is  weighted. 
This  valve  would  be  found  of  the  greatest  advantage,  in  preventing  the  Ming 
over  of  the  feed-pipes  of  bailers,  when  the  rooms  over  them  are  used  as  drying- 
•toves  in  print-works,  bleach-worki,  &c. 
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VALVE. 


**  I  ought  to  state  that  I  have  had  this  description  of  valve  in  use  for  upwards 
of  four  years,  with  the  greatest  regularity  of  action." 

Another  valve,  of  a  very  peculiar  description,  and  especially  adapted  to  afibrd 
security  against  explosion  in  large  boilers,  was  invented  by  Mr.  Sockl,  of  Lam- 
beth, who  received  an  honorary  reward  from  the  Society  of  Arts,  for  the  com- 
munication of  the  invention.     It  is  represented  in  the  subjoined  cut 


Instead  of  the  lid  which  covers  the  main  hole,  a  copper  plate  or  dish  is  to  be 
substituted,  as  shown  in  the  darkened  part  of  above  ngure :  this  copper  dish  is 
surrounded  by  a  ring  of  the  same  metal,  by  which  the  plate  is  firmly  screwed  down 
upon  the  rim  of  the  main  hole.  In  the  middle  of  the  plate  is  fixed  the  valve,  of  which 
/  is  the  collar,  made  of  iron  or  brass ;  d  the  plug,  which  is  ground  air-tight  into 
the  collar,  and  is  kept  in  its  place  by  the  spiral  spring  which  surrounds  its  stem, 
and  the  stay  c :  over  the  whole  is  fixed  a  cross-piece  a,  which  is  firmly  screwed 
down  upon  the  ring  that  secures  the  dish.  In  the  cross-piece,  works  the 
regulating  screw  e,  which  may  be  screwed  down  upon  the  head  of  the  plug. 

The  operation,  of  the  valve  is  easy  to  understand.  The  copper  dish  is  only  about 
one- fourth  the  thickness  of  the  other  parts  of  the  boiler,  and  will  not  therefore 
afford  the  same  resistance  to  the  steam :  when  this,  therefore,  gets  beyond  the 
ordinary  pressure,  it  will  cause  the  dish  to  become  somewhat  convex,  and  will 
thus  leave  a  clear  space  between  the  collar  /,  and  the  conical  plug  d,  for  the 
steam  to  escape ;  as  soon  as  the  power  diminishes,  the  plate  will,  by  its  elasticity, 
return  to  its  former  place,  and  by  closing  down  upon  the  plug,  prevent  any 
further  escape  of  steam. 

The  object  of  this  valve  is  not  so  much  to  regulate  the  working  pressure  of 
the  steam,  as  to  act  in  aid  of  the  common  valve,  by  affording  an  additional 
aperture,  in  case  the  steam  should  acquire  a  dangerous  degree  of  force.  It 
differs  from  the  plug- valves  in  common  use,  in  this  circumstance,  namely,  that 
in  the  latter,  the  plug  rises  out  of  its  socket,  in  order  to  allow  of  a  vent  for  the 
steam,  whereas  in  Mr.  Sockl's,  the  socket  rises  away  from  the  plug.  The  chief 
advantage  resulting  from  this  is,  that  if  any  adhesion  should 
have  taken  place  between  the  plug  and  the  socket,  it  is  more 
likely  to  be  overcome,  on  account  of  the  great  surface  of  the 
socket^  with  itit  attached  copper  plate,  which  is  exposed  to 
the  action  of  the  steam. 

A  substitute  for  the  common  ball-cock,  used  for  regulating 
the  height  of  liquids  in  reservoirs,  has  been  introduced  by 
Mr.  Damall,  of  Pentonville,  the  construction  of  which  is 
exhibited  in  the  annexed  section :  a  is  the  supply  pipe,  b  the 
valve,  (shut,)  c  a  float  connected  to  the  valve  by  an  upright 
spindle.  As  the  water  is  drawn  off,  the  float  descends  from 
its  seat  into  the  chamber  beneath,  allowing  the  water  to  pour 
through  the  apertures  shown,  into  the  reservoir ;  the  float,  as 
It  rises  again  with  the  water  in  the  reservoir,  closes  the  valve, 
and  shuts  off  the  supply  of  water,  when  it  has  attained  its 
proper  elevation. 

We  shall  here  close  the  article  upon  valves,  referring  the 
reader  to  Uie  machinery  before  mentioned  for  further  eluci- 
dations, and  likewise  to  the  article  Water-Closet,  which 
mainly  consists  of  valves  of  a  very  ingenious  construction. 
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VANADIUM.  A  newly  diacovered  metal  by  M.  Sefiitrom.  It  bai  been 
briefly  described  In  a  letter  from  M.  Berzeiiui  to  M.  Dulong,  from  which  the 
following  u  an  extract : — '*  M.  Sefstrom,  director  of  the  School  of  Mines  at  Fah- 
lun,  whust  engaged  in  examining  a  variety  of  iron,  remarkable  for  its  extreme 
Bofltness,  observed  the  presence  of  a  substance,  the  properties  of  which  differed 
from  all  other  known  bodies,  but  its  quantity  was  so  small  as  would  have  ren- 
dered it  tedious  and  expensive  to  collect  sufficient  for  a  correct  examination  of 
its  properties.  This  iron  was  from  the  mine  of  Taberg,  in  Smoland ;  the  ore 
merely  contained  sources  of  the  substance.  Finding  that  the  pig  iron  contained 
far  more  of  this  principle  than  the  wrought  iron,  M.  Sefstrom  thought  that 
the  scorisB  formed  during  the  conversion  of  the  pig  iron  into  wrought  metal 
might  be  a  more  abundant  source ;  a  conjecture  confirmed  by  experience ;  so 
that  sufficient  having  been  procured,  he  went  to^.  Benellus  to  complete  its 
examination." 

Vanadium  combines  with  oxygen  to  form  an  oxide  and  an  acid.  The 
acid  is  red,  pulverent,  fusible,  and  on  solidifying  becomes  crystalline.  It  is 
slightly  soluble  in  water,  reddens  litmus,  and  forms  yellow  neutral  salts,  and 
orange  bisalts.  Its  combinations  with  acids  or  bases  have  the  singular  property 
of  suddenly  losing  their  colour ;  they  resume  it  only  on  becoming  sohd  again,- 
and  being  then  re-dis«olved,  preserve  their  colour.  Hydrogen  at  a  white  heat, 
reduces  vanadic  acid,  leaving  a  coherent  mass,  having  a  feeble  metallic  lustre, 
and  being  a  good  conductor  of  electricity,  but  it  is  not  certain  that  the  reduction 
is  complete.  The  oxide  of  vanadium  is  brown,  or  nearly  black,  and  dissolves 
readily  in  acids.  The  salts  are  of  a  deep  brown  colour,  but  by  the  addition  of 
a  little  nitric  acid,  effervesce  and  become  of  a  fine  blue  colour.  The  oxide 
and  acid  of  this  metal  together  produce  other  combinations,  green,  yellow,  and 
red,  all  soluble  in  water. 

When  the  oxide  of  vanadium  ia  produced  in  the  humid  way,  it  is  soluble  both 
in  water  and  alkalies.  The  presence  of  a  salt  renders  it  insoluble,  and  upon 
this  effect  may  be  founded  a  process  for  its  preparation.  Before  the  blow- 
pipe, vanadium  colours  fluxes  of  a  fine  green,  in  this  respect  resembling  chrome. 
VAPOUR,  from  the  circumstances  of  its  formation,  may  be  considered  to 
consist  of  extremely  minute  vesicles  of  water  or  other  fluid,  inflated  with  air. 
See  Stxam,  Alcohol,  &:c. 

VAPOUR-BATH.  A  closet  or  room,  in  which  a  person  exposes  his  body 
to  the  action  of  vapour  introduced  by  a  pipe  from  a  boiler.     See  oath. 

VARNISH.  A  solution  of  resinous  matter,  which,  laid  upon  the  surface  of 
solid  bodies,  becomes  hard,  glossy,  impervious  to  moisture,  and  gives  beauty 
and  durability  to  them.  Under  the  several  heads  of  Lac,  Copal,  Mastio, 
Caoutchouc,  and  other  resins,  we  have  described  the  process  of  preparing  var- 
nishes from  them ;  we  shall  therefore  in  this  place  take  a  genera],  but  concise 
yiew  of  the  subject  The  solvents  are  either  expressed  or  essentisl  oils,  as  also 
alcohol.  For  a  lac-varnish  of  the  first  kind,  the  common  painter's  varnish  is 
to  be  united  by  eently  boiling  it  with  some  more  mastich  or  colophony,  and 
then  diluted  again  with  a  litde  more  oil  of  turpentine.  The  latter  addition  pro- 
motes both  the  glossy  appearance  and  drying  of  the  varnish ;  of  this  sort  is  also 
amber  varnish.  To  make  this  varnish,  half  a  pound  of  amber  is  kept  over  a 
gentle  fire  in  a  covered  iron  pot,  in  the  lid  of  which  there  is  a  small  hole,  till  it 
IS  observed  to  become  soft,  and  to  be  melted  together  into  one  mass.  As  soon 
as  this  is  perceived,  the  vessel  is  taken  fVom  off  the  fire,  and  suffered  to  cool  a 
little ;  when  a  pound  of  good  painter's  varnish  is  added  to  it,  and  the  whole 
suffered  to  boil  up  again  over  the  fire,  keeping  it  continually  stirring.  After 
this  it  is  again  removed  from  the  fire ;  and  when  it  is  become  somewhat  cool, 
a  pound  of  oil  of  turpentine  is  to  be  gradually  mixed  with  it.  Should  the  varnish 
when  it  is  cool  happen  to  be  yet  too  thick,  it  may  be  attenuated  with  more  oil  of 
turpentine.  This  varnish  has  always  a  dark  brown  colour,  because  the  amber 
is  previously  half  burned  in  this  operation ;  but  if  it  be  required  of  a  bright  colour, 
amber  powder  must  be  dissolved  in  transparent  painter's  vamuh,  in  Papin's 
maehine,  by  a  gentle  fire* 
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As  an  instance  of  the  second  sort  of  lac-varnishes  with  ethereal  oils  alone, 
may  he  adduced  the  varnish  made  with  oil  of  turpentine.  For  making  this, 
mastich  alone  is  dissolved  in  oil  of  turpentine  by  a  very  gentle  digesting  heat, 
in  close  glass  vessels.  This  is  is  the  varnish  used  for  the  modem  transparencies 
employed  ai  window-blinds,  fire-screens,  and  for  other  pnrposess.  These  are 
commonlv  prints,  coloured  on  both  sides,  and  aflberwards  coated  with  this  var- 
nish on  those  parts  that  are  intended  to  be  transparent  Sometimes  fine  thin 
calico,  or  Irish  linen,  is  used  for  this  purpose ;  but  it  requires  to  be  primed  with 
a  solution  of  isinglass  before  the  colour  is  laid  on.  Copal  may  also  be  dissolved 
in  genuine  Chio  turpentine,  according  to  Mr.  Sheldrake,  by  adding  it  in  powder 
to  the  turpentine  previously  melted,  and  stirring  till  the  whole  is  fused.  See 
Copal. 

A  varnish  of  the  consistence  of  thin  turpentine  is  obtained  for  aerostatic 
machines,  by  the  digestion  of  one  part  of  elastic-gum,  or  caoutchouc,  cut  into 
small  pieces,  in  thirty-two  parts  of  rectified  oil  of  turpentine.  Previously  to  its 
being  used,  however,  it  must  be  passed  through  a  linen  cloth,  in  order  that  the 
undissolved  parts  may  be  left  behind.     See  Caoutchouc 

The  third  sort  of  lac-varnishes  consists  in  the  spirit-varnish.  The  most  solid 
resins  yield  the  most  durable  varnishes ;  but  a  varnish  must  never  be  expected 
to  be  harder  than  the  resin  naturally  is  of  which  it  is  made.  But  the  moat  solid 
resins  by  themselves  produce  brittle  varnishes ;  therefore  something  of  a  softer 
substance  must  always  be  mixed  with  them,  whereby  this  brittleness  is  dimi- 
nished. For  this  purpose  gum-elemi,  turpentine,  or  balsam  of  copaiva  are 
employed  in  proper  proportions. 

The  celebrated  **  French  polish"  is  efiected  by  a  spirit-varnish,  treated  in  a 
peculiar  way.  The  following  mode  of  preparing  and  using  it  may  be  relied  upon 
as  genuine,  being  extracted  from  that  very  accurate  French  work,  the  Dictiom- 
nairt  Technologique,    The  varnish  is  composed  of 

Gum  Sandarach 14  oz.  &  2  drachms. 

Gum  Mastic  in  drops 7      „     1       „ 

Shell-lac  (the  yellower  the  better)      .14      „     2       „ 
Alcohol,  of  0.8295*  spe.  gra.     ...       3  quarts  fr  1  pint 

The  resinous  gums  are  to  be  pounded,  and  their  solution  efiected  by  continued 
agitation,  without  the  aid  of  heat.     When  the  woods  to  be  varnished  are  very 

Sorous,  7  ounces  and  1  drachm  of  Venice  turpentine.  In  order  the  better  to 
ivide  the  resins,  and  to  cause  them  to  present  a  greater  surface  to  the  action  of 
the  alcohol,  they  should  be  mixed  with  an  equal  weight  of  ground  glass ;  the 
latter  preventing  the  dust  of  the  resin  from  forming  clots,  the  solution  is  thus 
easier  made,  and  in  less  time.  Before  applying  the  varnish,  the  wood  should  be 
made  to  imbibe  a  little  linseed  oil;  it  must  then  be  rubbed  with  old  flannel,  in 
order  to  remove  the  excess  of  oil ;  blotting  paper  may  be  used  for  the  same 
purpose,  or  finelv-sifted  saw-dust  Afterwards  the  varnish  should  be  applied, 
oy  saturating  with  it  a  piece  of  old  soft  coarse  linen  cloth,  many  times  folded 
into  a  sort  of  cushion,  and  rubbing  it  sofUy  on  the  wood,  turning  the  linen  from 
time  to  time  until  it  appears  neany  dry.  The  linen  should  be  saturated  afresh 
with  varnish,  and  the  rubbing  be  continued  in  the  same  manner,  until  the  pores 
of  the  wood  are  completely  filled.  Care  should  be  taken  not  to  make  the  unea 
too  wet,  nor  to  rub  too  hard,  especially  at  the  bennning  of  the  operation.  When 
the  varnish  sticks,  or  becomes  tocAy,  a  very  small  drop  of  olive  oil  is  to  be  ap- 
plied with  the  end  of  a  finger,  uniformly  all  over  the  cushion.  The  finishing 
IS  efiected  by  pouring  a  little  pure  alcohol  upon  a  piece  of  clean  linen,  which  is 
lightly  rubbed  over  me  varnished  wood ;  and  as  the  linen  and  the  varnish  dry, 
the  wood  is  rubbed  more  briskly,  until  it  takes  a  beautiful  polish  like  a  looking- 
glass.  Two  or  three  coatings  of  varnish  are  sufiScient  for  woods  not  very 
porous. 

A  fine  colourless  varnish  may  be  obtained,  by  dissolving  eight  ounees  of 
gum-sandarach  and  two  ounces  of  Venice  turpentine  in  thurty-two  ounces  of 
alcohol  by  a  gentle  heat.  Five  ounces  of  shell-lac  and  one  of  turpendne,  dis- 
solved in  thirty-two  ounces  of  alcohol  by  a  very  gentle  heat,  give  a  haarder 
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▼arniah,  but  of  a  reddish  cast.  To  these  the  solution  ofcopal  is  undoubtedly  prefer- 
able in  many  respects.  This  is  effected  by  triturating  an  ounce  of  powder  of  gum- 
copal,  which  has  been  well  dried  by  a  gentle  heat,  wiUi  a  drachm  of  camphor,  and, 
while  ^ete  are  mixing  together,  adding  by  degrees  four  ounces  of  the  strongest  al- 
cohol, without  any  digestion.  Between  this  and  the  gold  varnish  there  is  only  this 
difference,  that  some  substances  that  communicate  a  yellow  tinge  are  to  be 
added  to  the  latter. 

Oil-yamishes  are  commonly  mixed  immediately  with  the  colours,  but  lac  or 
laequer-varnishes  are  laid  on  by  themselves  upon  a  burnished  coloured  ground : 
when  they  are  intended  to  be  laid  upon  naked  wood,  a  ground  should  be  first 
given  them  of  strong  size,  either  alone,  or  with  some  earthy  colour  mixed  up 
with  it  by  levigation.  The  gold  lacquer  is  simply  rubbed  over  brass,  tin,  or 
silver,  to  give  Siem  a  gold  colour.  (See  Lacqoer.)  The  coloured  resins  or  gums, 
luch  as  gamboge,  dragon  Vblood,  &c.,  are  used  to  colour  varnishes. 

Tlie  essential  vamisnes  consist  in  a  solution  of  resin  in  oil  of  turpentine.  The 
▼amiah  being  applied,  the  essential  oil  flies  off,  and  leaves  the  resin.  This  is 
used  only  for  paintings. 

Before  a  resin  is  dissolved  in  a  fixed  oil,  it  is  necessary  to  render  the  oil  drying. 
For  this  purpose  the  oil  is  boiled  with  metallic  oxides,  in  which  operation  the 
mucilage  of  the  oil  combines  with  the  metal,  while  the  oil  itself  unites  with  the 
oxygen  of  the  oxide.  To  accelerate  the  drying  of  this  varnish,  it  is  necessary  to 
add  oil  of  turpentine.  When  resins  are  dissolved  in  alcohol,  the  varnish  dries 
wery  speedily,  and  is  subject  to  crack ;  Jbut  this  fault  is  corrected  by  adding  a 
small  quantity  of  turpentine  to  the  mixture,  which  renders  it  brighter,  and  less 
brittle  when  dry. 

VELVET.     A  rich  kind  of  silk  or  cotton  cloth.     Sea  Weaving. 

VENEERING.  The  art  of  fixing,  in  a  firm  and  durable  manner,  very  thin 
leaves  of  a  fine  or  superior  wood,  over  a  coarse  or  inferior  wood ;  so  as  to  give 
the  latter  the  appearance  of  a  solid  mass  of  the  former.  The  thin  leaves  are 
c^ed  veneers,  and  are  cut  from  the  logs  by  fine  saws,  now  usually  worked  by 
machinery.    See  Sawing-Machinery. 

Inlaid  work  is  effected  by  veneers  cut  into  suitable  pieces,  for  the  purposes. 
The  thickness  of  veneers  is  from  a  tenth  to  a  twelfth  part  of  an  inch.  When 
the  dimensions  of  these  have  been  nicely  adjusted  to  the  work  in  hand,  they  are 
gained  down ;  and,  that  the  work  may  be  solid,  they  are  put  into  a  press  maoe  for 
-the  purpose,  or  are  held  down  by  planks  and  poles,  abutting  against  the  beams 
•of  tne  workshop.  MThen  the  glue  is  thoroughly  dry,  the  work  is  taken  from 
the  presses,  and  finished  by  smoothing-planes,  scrapers,  fish -skin,  &c.,  and 
afterwards  polished  by  shave -grass  and  brushing,  waxing,  varnishing,  &c.,  accord- 
jog  as  it  may  be  required. 

VENTI LATION .  The  act  of  renovating  the  air  of  chambers,  houses,  ships, 
and  all  kinds  of  buildings  or  places.  We  may  exist  for  several  days  without 
food,  but  we  die,  if  deprived  only  for  a  few  minutes  of  air.  As  air  is  necessary 
to  life,  so  is  pure  air  to  health.  But  it  appears  that  this  important  fact  escapes 
the  attention  of  the  fsreater  part  of  mankind,  who  are  prone  to  blame  the  cook 
or  the  purveyor  for  ue  greater  part  of  their  ailments,  without  reflecting  upon 
the  impure  air  they  may  nave  been  inspiring  at  the  rate  of  about  two  gallons 
per  muiute.  The  oxygen  gas,  or  vital  portion  of  the  atmosphere  that  enters  the 
lungs,  is  changed  at  each  res|)iration  into  carbonic  acid  eas.  This  gas,  as  is  well 
known,  is  poisonous,  if  inspired  alone,  or  even  if  a  Urge  proportion  of  it  be 
mixed  with  the  atmospheric  air.  But  b^  an  admirable  provision  of  the  great 
Author  of  Nature,  this  contaminated  air  is  rendered  specifically  lighter  than  the 
pure  atmosphere,  from  the  heat  it  has  derived  from  the  lungs,  and  consequently 
rises  above  our  heads,  during  the  short  pause  between  our  respirations ;  thus  in- 
suring to  us  always  a  pure  draught  of  air,  unless  we  prevent  it  by  artificial 
means. 

It  is  not,  however,  always  owing  to  a  deficiency  of  oxygen,  that  the  air  of 
rooms  or  crowded  places  becomes  pernicious  to  health.  A  council  of  health, 
established  by  the  French  government,  proved  that  in  an  atmosphere  which  had 
not  lost  one-twentieth  part  of  its  oxygen,  an  animal  miasmata  was  diffused  in 
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vapoupj ;  that  by  suspending,  in  such  atmospheres,  a  glass  vessel  filled  with  ice, 
the  vapour  difliiscd  in  the  air  becomes  condensed  on  its  surface,  and  theUquid 
thus  obtained  by  condensation,  being  collected  in  another  vessel  suspeiukd 
underneath  the  former,  exhales  a  fetid  odour,  and  speedily  undergoes  the  putrid 
fermentation,  when  exposed  to  a  temperature  of  79*  Fahr. 

Certain  gaseous  and  other  vapours  may  be  mixed  with  the  air  we  fareatbe, 
without  producing  any  very  marked  inconvenience  ;  but  the  eflevts  of  a  mixture 
of  many  other  kinds  are  highly  dangerous,  and  more  quick  in  their  action  thn 
even  those  of  animal  miasmata.  A  constant  renewal  of  the  air  is  absolutely 
necessary  for  its  purity ;  for  in  all  situations,  it  is  suffering  either  by  its  vitsl 
part  being  absorbed,  or  by  impure  vapours  being  disengaged  and  dispened 
through  it.  Ventilation  therefore  resolves  itself  into  the  securing  a  coostaot 
supply  of  fresh  air.  Rooms  cannot  be  well  ventilated,  that  have  no  outlet  kt 
the  air,  and  this,  from  the  superior  levity  of  foul  air,  should  be  made  at  the 
highest  point  that  can  be  obtamed,  and  so  arranged  as  to  diffuse  the  fresh  air 
that  enters  over  the  upper  part  of  the  room,  and  not  inconvenience  the  pemos 
in  the  room,  by  descending  upon  them  in  a  current.  There  should  be  a  ebnnncy 
to  every  room,  which  on  no  account  should  be  stopped  up  with  a  chimney- 
board,  as  is  often  the  case  in  bed-rooms.  We  have  observed  also,  in  many  houses 
that  the  top  sashes  of  windows  of  the  upper  rooms  are  made  fast ;  now  if  tkeK 
were  made  to  slide  downward,  instead  of  the  lower  sashes  upward,  increased 
salubrity,  as  well  as  security,  (especially  in  the  case  of  chudren,)  would  be 
obtained.  In  whatever  way  fresh  air  may  be  made  to  enter  an  apartmot,  it 
should  be,  as  far  as  may  be  practicable,  at  the  part  remotest  from  the  fire-place, 
in  order  that  it  may  traverse  the  whole  apartment  in  its  passage  to  Uie  cbimiiey. 
The  most  eflTective  species  of  ^ventilation  is  that  in  which  nature  la  adopted  as  the 
guide.  The  simple  action  of  the  sun,  no  less  than  the  devastating  pbenoinenao 
of  the  African  tornado,  tend  to  the  same  result.  We  have  only  to  change  the 
temperature  of  the  air  which  surrounds  us,  and  a  new  portion  ¥nll  rush  in  fim 
the  adjacent  and  purer  parts,  to  supply  its  place.  From  this  it  is  obvious,  that 
a  lamp  placed  in  an  aperture  of  tne  ceiling,  in  any  large  and  crowM  room, 
will  tend  to  purify  the  air.  This  is  precisefy  the  case  in  our  large  tbeatro^  as 
that  at  Covent  Garden,  where  the  great  glass  chandelier,  with  its  numerous  gai* 
burners,  gives  out  a  great  quantity  of  heat,  immediately  under  a  lain  fimael, 
which  passes  through  the  roof,  into  the  open  air.  The  rarified  air  wbidi  thai 
rushes  through  the  funnel,  b  constantlv  succeeded  by  continuous  fresh  emreiit^ 
entering  at  numerous  apertures  beneath,  to  restore  the  equilibrium  of  preanire. 

Notwithstanding  this  arrangement  is  calculated  to  render  the  atmonhere  of 
crowded  places  more  fit  for  respiration,  it  is  productive  of  9  painful  ana  loioQi 
inconvenience  to  those  persons  who  may  be  situated  near  to  the  apertures  be&R- 
mentioned,  where  the  fresh  air  enters ;  they  are  thus  exposed,  as  it  were,  to  the 
action  of  a  series  of  blow-pipes,  and  the  consequences  are,  colds,  asthmas,  and 
rheumatisms,  in  abundance.  To  avoid  drafts,  and  yet  ventilate  tboroogUr,  hm 
hitherto  been  found  of  difiicult  accomplishment  In  "  A  letter  to  the  EaA  d 
Chichester,  on  the  practicability  of  rendering  those  properties  of  ur,  which  ithte 
to  caloric,  applicable  to  new  and  important  purposePt  (1823,)**  by  BIr.  Joha 
Vallance,  of  Brighton ;  that  gentleman  has  proposed  a  plan  for  warmiac  tod 
ventilating  the  Houses  of  ParUamen^  which,  in  principle,  is  admirably  dwoed 
to  obviate  the  difficulties  just  mentioned ;  we  snail,  therefore,  give  it  a  place 
here  in  the  author's  own  words ;  although  there  are  some  mechanical  diffiffi!^ 
to  be  overcome,  before  it  can  be  rendered  elegant  and  convenient ;  the  meam 
of  effecting  which,  will,  we  trust,  be  ultimately  accomplished.     - 

'*  There  are  two  principles  which  operate  to  alter  the  state  of  air,  in  anypboe 
where  numbers  of  people  convene.  One  of  them  ^Bfecta  it  physically,  and  ta> 
change  of  density,  and  is  the  cause  of  drafts  and  infliucea  of  cold  air ;  the  oAff 
affects  iu  chemically,  and  to  a  change  of  quality,  as  the  medium  by  which  Ai 
action  of  the  lungs  is  rendered  efficient  to  the  preservalion  of  life,  and  rfafai 
necessary,  and  indeed  indispensable,  the  drafts  and  currents  of  which  the  fii^ 
IS  the  cause.  The  first  of  these  occurs  in  every  place  in  whicb  air  is  heated; 
the  oltier,  o\\\y  iu  \lvo%ft  places  in  which  it  undergoes  respiration.     Now,  it  '• 
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nt  only  of  these  that  falls  under  our  consideration,  when  investigating  the 
iple  on  which  drafts  take  place ;  and  the  course  of  operation  of  this  prin- 
u  thus.  If  heat  he  commiuiicated  to  a  particle  of  air,  a  change  takes 
with  respect  to  that  particle  in  the  following  manner ;  it  becomes  expanded 
ncreased  in  hulk,  in  some  such  way  as  may  be  conceived,  by  reference  to 
ivenile  practice  of  holding  a  flaccid  bladder  before  the  fire,  to  tighten  and 
up  again,  prior  to  using  it  as  a  football. 

tnis  expansion  it  is  increased  in  bulk  but  not  in  weight ;  and  in  conse- 
:e,  rises  from  amone  the  other  particles,  and  ascends  towards  the  ceiling ; 
(  same  way  that  a  bladder,  filled  with  air,  would  rise  through,  and  swim  at 
p  of  others  filled  with  water,  were  they  thrown  into  the  sea  together;  and, 
i  only  circumstance  which  caused  this  particle  to  be  where  it  chanced  to 
the  time  this  supposed  heating  took  place,  was  its  gravity ;  the  moment 
lecomes  altered,  and  it,  in  consequence,  rendered 
ically  lighter  than  the  surrounding  particles,  it 
ds,  and  passes  through  them  towaras  the  ceil- 
This  is  the  course  of  operation  of  the  principle ; 
feet  of  it  is  this  : — The  moment  this  particle  of 
IS  moved  away  from  what  heated  it,  its  place  b 
by  another,  which,  undergoing  the  same  change, 
I  ofi*  in  like  manner,  having  its  place  taken  by  a 
particle;  and  this  alternation  continues  all  the 
neat  is  communicated,  be  the  conununicator  what 
7,  whether  the  human  body,  a  stove,  or  any  other 
»d  of  heating. 

s  is  the  effect  of  air's  being  heated ;  its  physical 
J  altered,  and  it  becomes  specifically  lighter  than 
before. 

*  consequence  of  its  becoming  lighter,  may  be 
ived  thus :—  If  a  glass  tube  were  taken,  shaped  in 
lanner,  with  a  notch  or  crevice  cut  in  it  at  A, 
ich  notch  or  crevice  a  metallic  slide  were  weU 
ightly  fitted,  so  as  to  cut  occasionally  ofi*  the 
unication  between  the  two  legs ;  if  into  this 
here  were  (when  the  slide  was  pushed  in,  so  ai 
;  off  the  communication)  poured,  in  one  leg, 
diver,  and  in  the  other  water,  and  then,  when 
rere  full,  (placing  the  thumb  on  the  top  of  the 
at  had  the  water  in  it,  to  keep  it  in,)  the  slide 

en  the  quicksilver  and  water  were  pulled  out  to  let  them  presa  one  against 
her,  it  is  very  evident  that  the  superior  weight  of  the  column  of  quick- 
would  cause  it  to  presa  the  column  of  water  upwards  against  the  thumb, 
lat,  were  the  thumb  removed,  the  water  would  oe  driven  up,  and  some  of 
ed  out  of  the  tube ;  and  also,  that  the  water  would  continue  to  rise,  till 
•ntents  of  the  two  legs  counterbalanced  each  other.  Now,  this  is  an  illus- 
1  of  what  takeju  place  in  any  building,  wlienever  the  air  inside  it  b  hotter 
lie  air  without 

ce,  the  external  air  being  heavier  than  the  internal  air,  the  former  so 
;efl  upon  the  latter,  as  to  press  it  upwardi  against  the  ceiling,  in  the  same 
er  that  the  water  would  be  pressed  against  the  thumb ;  and  if  a  part  of 
iKng  be  cut  away,  so  as  to  open  a  means  of  emission  similar  to  what  the 
al  of  the  thumb  permitted ;  that  is,  if  a  ventilation  aperture  be  opened  in 
iling,  the  superior  weight  of  the  cold  external  air  will  cause  it  to  drive 
rhter  internal  air  up  through  that  aperture,  till  the  equilibrium  becomes 
ed :  and  if,  owing  to  the  air  on  the  inside  being  by  the  respiration,  &c^ 
pie  convened  in  the  building,  kept  constantly  warmer  and  lighter  than 
;tei-nal  air,  this  equilibrium  is  prevented,  and  the  difference  between  the 
lal  and  interval  atmosphere  kept  permanently  up,  the  consequence  then 
e,  that  instead  of  a  single  and  transitory  emission,  like  that  of  the  water 
the  tube,  there  will  be  a  continuous  emission  of  air  through  the  ventilator, 
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■n  (he  while  tlie  reapiratioiu,  &c.,  of  thoM  vho  are  asaembled  in  the  Ltt3£H 
kevp  up  the  diHerence.  Now  ihu  it  whti  Ukei  place  in  all  public  placet;  ud 
ai,  owing  to  the  door  and  windowB  being,  during  cold  weather,  Kepttbnt,  tbttpo^ 
turc  uf  admiaiion  (or  chiuinel  b;  which  the  eitemal  air  eaten  the  bniliUK,) 
is  rendered  very  much  imaller  than  that  of  emisuon  ;  to  make  up  tot  at 
difference  thiucaiued  between  the  aperturea  of  adminion  uidemnnoa,  the  cold 
pitemni  air  it  obliged  to  make  use  <tfall  the  cracka  and  crevicet  tbat  are  tbini 
eiltier  the  doon  and  windowi,  or  ebewhere  around  the  building,  and  to  hitro- 
diice  itieir  through  them  with  B  veloeitjr  to  much  greater  than  that  at  which  it 
piusei  off  by  the  ventilator,  ai  will  make  up  for  the  difference  betweai  the  bm 
of  the  crack*  and  crevicet  hj  which  It  entert,  and  that  of  the  vetitOatkn  ^v- 

Tliii  it  the  TCMon  why  draft*  are  eiperienced  from  Uie  crevice*  of  doon  nl 
windowt:  the  heated  and  reipired  air pattee  off  bf  the  veotilalar ;  tomabap 
for  what  to  pauet  oS,  Freeh  air  flowt  into  the  bottom  of  the  building,  and  m, 
when  the  weather  ia  cold  enough  to  make  ua  abut  the  doort  and  window^  in- 
greta  by  a  duct  equal  to  that  of  egret*  ia  prevented,  to  make  up,  bj  the  nit  tl 
which  it  enten,  for  the  difference  in  the  met  of  the  apertures  of  adnuatiaa  aad 
ruiisaion,  the  air  that  (inda  ita  way  in  through  cracki  and  crevicca,  enten  «ilk 
ao  great  a  veloci^  as  to  cauie  the  chilling  current*  we  ezpeiience. 

fntiead  of  Buffering  ventilation  to  take  place  at  the  pleasure  of  the  air.  I  n- 
■trict  and  regulate  it  thua  : — I  £rat  have  the  windows  of  the  place  nailed  dow^ 
lo  prevent  them  from  being  ever  opened;  1  then  have  the  ioilttt  and  crevices 
both  of  these  windows  and  of  the  room  in  general,  to  filled  with  put^,  *(■* 


way  either  into  or  out  of  the  place.  1  then  have  the  door-wayaarranged  tho*:— 
Hemoring  the  present  doora,  the  doo^way  ia  made  tiz  feet  wide,  by«liont& 
same  height,  and  into  it  ia  fitted  e  cylinder  (of  wood  or  metal)  cloMditMk 
ends,  and  placed  upright  on  one  of  them,  so  at  to  ap]  •    -  •- 


buUt  into  the  wall.  Through  the  side  of  this  crUiider  I  have  tw«  aiwm 
cut,  each  abuut  four  feet  wide,  by  the  height  of  the  cyKoder  inside  it*  tak; 
which  apertures  are  opposite,  the  middle  ofeaeb  being  id  the  lima  of  tbt  cMB* 
of  the  cylinder,  ao  as  to  leave  a  way  of  about  four  feet  wide,  richt  tbraaik  ** 
middle  of  ii  Into  the  place,  aa  shewn  above,  where  tb*  evlindec  b  repnMH' 
)ilaced  m  Ihe  «ril,  <.lUi  the  apertures  iu  it.     in  the  ceutM  of  the  cj-linda,  Av 
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St  now  put  (perpendicularly)  a  shaft,  of  about  three  inches  diameter  and  of  the 
length  of  the  cylinder ;  and  having  it,  and  the  centres  of  the  top  and  bottom  of 
the  cylinder,  so  prepared  and  fitted  to  each  other,  that  the  snaft  may  easily 
turn  round,  or  revolve ;  then  there  are  fixed  on  it,  at  right  angles  to  each  other, 
eight  arms  or  radii,  four  at  top,  and  four  at  bottom ;  the  bottom  four  being 
exactly  under  the  upper  ones.  To  these  arms  there  are  fixed  four  sheets,  or 
pieces  of  iron  plate,  of  such  lengths  and  widths  as  will  just  go  into,  and  fill  up, 
(though  without  touching,)  the  space  left  between  the  shaft  and  the  side  of 
the  cylinder ;  and  these  uiings  heme  so  done,  that  the  plates  or  leaves  fixed  on 
the  arms  may  turn  easily  round,  inside  the  cylinder ;  and  the  ends  and  sides  of 
these  leaves  being  so  fitted  to  each  other  that,  when  the  leaves  are  turned  round, 
there  may  not  be  a  space  greater  than  about  the  sixteenth  of  an  inch  left  be- 
tween them,  the  arrangements  for  the  door-way  are  complete ;  and  the  cylinder 
through  which  the  place  is  entered,  has  within  it  four  leaves  or  wings,  some- 
what like  the  fans  of  a  winnow  ing-machine,  fixed  perpendicularly. 

Now,  the  effect  of  these  arrangements  is  this : — Were  a  common  door  to  be 
made  use  of,  whenever  it  was  opened,  free'Mngress  or  egress  would  be  given  to 
air,  and  it  would  pass  firom,  or  into  the  place,  as  circumstances  dictated.  But 
with  a  door  arranged  in  this  way,  no  air  can  at  any  time  pass  either  into,  or 
oat  of  the  place,  excepting  by  the  narrow  space  or  crevice  left  between  the 
edges  of  the  leaves  and  the  inside  of  the  cylmder ;  since,  the  leaves  being  all 
at  right  angles  with  each  other,  and  the  two  apertures  in  the  cylinder  being 
neither  of  wem  so  wide  as  to  be  equal  to  ninety  degrees  of  a  circle  of  the  same 
diameter  as  this  door-way  cylinder,  it  follows  that,  turn,  or  cause  the  leaves  to 
revolve  in  what  way  we  may,  two  of  them  will  always  be  within  the  uncut  parts 
of  the  cylinder,  and  constantly  interposed  between  the  inside  of  the  place  and 
the  open  air;  and  in  consequence,  there  never  can  be  any  other  passage  for  air 
into,  or  out  of  the  place,  by  this  door-way,  than  by  the  space  or  crevice  between 
the  edges  of  the  leaves,  and  the  inside  of  the  cylinder. 

When  the  windows  and  door  are  thus  finished,  I  proceed  as  follows  with  the 
▼entilator : — To  the  aperture  in  the  ceiling,  throueh  which  ventilation  takes 
place,  there  is  fixed  a  pipe  of  an  equal  diameter  with  that  aperture ;  which  pipe 
goes  through  the  roof  and  then  descends,  and  opens  into  a  reservoir  or  cistern, 
situated  on  the  outside  of  the  building.  Now,  with  things  thus  arranged,  and 
with  the  dstem  so  far  filled  with  water  that  the  end  of  the  ventilation-pipe  is 
immersed  a  few  inches  in  the  water,  the  machinery  by  which  the  warm  air  is  in- 
jected it  set  to  work,  when  air,  fresh,  and  of  a  temperature  pleasant  to  the  feelings, 
u  injected  into  the  bottom  of  the  building,  at  a  rate  sufficient  for  the  consump- 
tion of  the  people  inside.  The  pipes  which  convey  this  air,  are  so  contrived  and 
arranged,  as  to  distribute  it  over  the  whole  surface  of  the  floor,  in  a  way  which 
renders  itt  introduction  imperceptible ;  and  consequently  inconvenience  from 
drafts  or  currents  of  it  is  guarded  against.  As  fast  as  it  is  distributed  over  the  floor, 
it  givet  place  to  the  air  that  follows  it,  and  rises  towards  the  ventilator.  In  its 
ascent  it  passes  the  persons  of  the  people  in  the  place ;  and  becoming,  from  the 
heat  imparted  to  it  oy  their  bodies,  and  from  tne  deteriorating  efiects  of  their 
respiration,  lighter,  it  rises  more  rapidly  towards  the  ventilator. 

Now,  firom  the  arrangements  and  lutings  I  have  mentioned,  the  only  placet 
where  this  air  can  find  egress,  are  through  the  ventilation-pipe,  and  by  the 
spaces  or  crevices  between  the  door-way  cylinder,  and  the  leaves  that  revolve 
in  it;  and  these  spaces  or  crevices  being,  when  the  cylinder  and  leaves  are  well 
finished  and  fitted  to  each  other,  as  almost  nothing  in  comparison  with  the 
quantity  of  air  injected,  it  follows  that  the  ventilation-pipe  must  be  the  main 
channel  of  exit.  But  before  any  air  can  pass  through  this  pipe,  it  must  displace 
the  water  inside  that  end  of  it  which  is  immersed  in  the  cistern ;  to  displace 
this,  a  slight  pressure  must  be  thrown  upon  it ;  the  causing  this  pressure  will 
somewhat  condense  the  air  in  the  ventilation-pipe  ;  and  as  this  condensa- 
tion will,  owing  to  that  principle  of  fluids  by  whicn  action  and  reaction  are  com- 
municated, be  reverted,  or  reflected  back  upon,  and  caused  to  take  place  with 
respect  to  all  the  air  in  the  building,  the  whole  of  it  will  be  somewhat  condensed, 
and,  in  consequence,  the  building  will  have  in  it  a  quantity  of  air  greater  than 
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it  would  under  common  circumttances  have,  according  to  the  depth  to  which 
the  end  of  the  ventilation-pipe  is  immersed  in  the  water.  Now,  as  this  com- 
pressed state  of  the  air,  and  the  building's  thus  having  within  it  more  than  it 
would  under  common  circumstances  contain,  is  contrary  to  the  natural  tendencies 
of  air,  its  expansive  principle  will  be  exerted,  and  every  crack  and  crevice  about 
the  place  will  become  a  channel  to  let  air  out  instead  of  ifUo  it ;  and,  in  coose- 
quence,  drafts  into  the  building  effectually  prevented,  owing  to  every  cranny 
Uirough  which  they  used  to  enter,  becoming  a  channel  of  e^eu  instead  of  »- 
ffress. 

This  is  the  way  in  which  I  prevent  and  do  away  with  "  drt^ ;"  and  when 
the  door  and  ventilation  apparatus  (which  is,  in  fact,  nothingmore  than  amost  sen- 
sitive valve,  and  to  which  a  valve  would,  imder  some  circumstances,  be  preferable,) 
are  well  arranged,  and  their  effect  not  coimteracted  bv  any  of  the  cracks  and 
crevices  which  are  about  rooms  being  suffered  to  remam  unluted,  or  otherwise 
unstopped,  the  evil  it  is  intended  to  remedy  will  be  effectually  done  away 
with. 

There  is,  to  be  sure,  both  singularity,  and  a  degree  of  inconvenience,  in  a 
door-way  such  as  I  have  described ;  though,  by  having  the  panels  of  the  re- 
volving-leaves of  glass,  this  might  be  much  done  awa^  with ;  and  as  there  is  no 
other  equally  convenient  way  of  preventing  all  possibility  of  annoyance  from 
the  door,  whenever  any  one  either  entered  or  went  out  of  the  place,  it  might  be 
submitted  to,  should  common  doors  not  be  considered  sufficient 

With  the  prevention  of  inconvenience,  and  thedanger  of  taking  cold  mn'd^  the 
building,  would  also  be  the  removal  of  much  of  the  hability  to  cold,  &c,  when 
leaving  the  now  highly  heated  atmospheres  of  public  places ;  as,  owing  to  the 
temperatures  being  always  uniform,  and  never  above  that  which  was  agreeable 
and  salubrious,  much  of  the  danger  we  all  experience,  and  many  of  the  indis- 
positions people  of  delicate  constitutions  incur,  in  consequence  of  paasing  from 
those  atmospneres  to  the  open  air,  would  be  done  away  with.  And,  by  vary- 
ing the  depth  of  the  water,  in  which  the  ventilation-pipe  is  immersed,  according 
to  the  variations  of  the  barometer,  constant  uniformity,  as  to  the  density  of  the 
atmosphere  inside  of  the  building,  might  be  maintained.*' 

The  usual  mode  of  ventilating  ships  is  by  a  canvass  bag,  called  a  wind-sail 
This  is  suspended  over  the  principal  aperture  in  the  deck,  and  bavins'  an  open- 
ing in  the  direction  of  the  wind,  a  current  is  propelled  downwards,  which  tends 
to  purify  the  air.  But  ventilation  is  chiefly  required  in  ships  during  foul  weather, 
when  such  a  process  as  that  of  the  wind-sail  cannot  possioly  be  employed.  Mr. 
Jacob  Perkins  has  proposed,  under  these  circumstances,  the  following  very 
simple  arrangement. 

a  and  b  represent  two  casks  or  tanks  half  filled  with  water,  placed  on  the 
opposite  sides  of  the  vessel,  with  a  channel  c,  having  an  open  communicatioii 
with  both ;  d  and  e  represent  two  large  hoses  or  pipes,  through  which  the  foul 


air  from  below  deck  escapes  into  the  tank,  where  there  are  valves  opening 
inward;  /and  p  are  two  pipes  furnished  with  valves  opening  outwards,  lerving 
to  discharge  the  foul  air  out  of  the  tanks.  Now,  when  the  tank  a  is  eleTated  by 
the  ship's  motion,  the  water  will  run  along  the  pipe  c  into  the  depresied  tank  ^ 
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the  rifing  of  the  water  in  which  will  open  the  valve  of  the  pipe  g^  and  discharge 
as  much  air  as  the  water  displaces.  At  the  same  time  the  elevated  tank  a  is  re- 
ceiving the  foul  air  from  below  through  the  hose  d^  the  valve  in  it  having  been 
opened  by  the  pressure  acting  upon  the  vacuum  formed  in  a  by  the  retiring 
of  the  water,  the  external  pressure  of  the  atmosphere  having  shut  the  valve  in 
the  discharge-pipe  / :  now,  when  the  vessel  rocKS  in  the  opposite  direction,  as 
would  be  represented  by  a  line  from  d  to  ^,  the  charge  of  foul  air  in  the  tank  a,  is 
discharged  oy  its  filling  with  water  in  the  manner  already  shown  as  respects  the 
tank  h;  and  thus  the  operation  is  continually  performed  by  the  oscillation  of 
the  vessel.  It  will,  however,  be  evident  that,  if  the  tanks  be  fixed  at  right 
angles  to  the  keel,  the  ventilation  will  only  be  effected  by  the  rolling  of  the  ship  : 
but  if  the  tanks  be  placed  diagonally,  then  the  ventilation  will  be  equally  effected 
by  the  pitching  also.  A  very  excellent  wanning;  and  ventilating  stove  for  build- 
ings, particularly  adapted  to  manufactories,  by  the  same  ingenious  mechanician, 
is  described  under  the  article  Air  :  which  see. 

VERDIGRIS ;  is  a  crude  acetate  of  copper,  employed  in  the  arts  as  a  pig- 
ment; see  Painting.  It  is  usually  obtained  by  moistening  the  surfaces  of 
<»pper  plates  with  vinegar,  and  exposing  thenvto  the  action  of  the  atmosphere ; 
a  bluish  green  rust,  or  fine  salt,  thereby  forms  upon  the  surface,  which  is  verdi- 
grii.  According  to  Mr.  Phillips,  the  constituents  of  English  and  French  verdi- 
grii  are  as  follow : — 

French.       English. 
Acetic  acid      .     .  .     .     29.3  29.62 

Peroxide  of  copper    .     .     .    43.5  44.25 

Water 25.2  25.51 

Impurity 2.0  0.62 

100.0  100.0 

The  French  verdigris  has  been  usually  considered  the  best,  but  the  English 
of  late  years  has  been  so  much  improved  in  the  manufacture,  as  to  be  rendered 
equal  to  the  foreign  in  the  opinion  of  many.  In  a  manufactory  established  at 
Deptford,  about  twenty  years  ago,  the  process  which  we  saw  in  operation  (and 
which  we  believe  is  continued  without  any  essential  variation)  was  as  follows : 
Thin  plates  of  copper,  of  which  there  were  an  immense  number,  about  a  foot 
square  each,  were  folded  up  in  coarse  woollen  cloths,  saturated  with  pyroligneous 
acid,  (distilled  on  the  premises ;)  a  dozen  or  more  such  plates,  with  tlie  moist 
cloths  between  them,  rorming  one  pile,  were  placed  to  the  number  of  several 
thousands  upon  stout  wooden  racks,  built  up  in  an  extensive  cellar,  through 
which  the  air  had  free  access  ;  but  the  underground  situation  having  the  effect 
of  preserving  the  air  in  a  moist  state,  which  we  understood  was  favourable  to  the 
process.  The  plates,  after  remaining  a  few  days  in  this  state,  were  taken  down, 
the  cloths  unfolded,  and  the  green  safine  matter  upon  the  surfaces  of  the  plates 
was  scraped  off  by  instruments  calculated  not  to  remove  any  portion  of  the 
metal ;  the  plates  were  afterwards  folded  anew,  in  the  moistened  acid  cloths,  and 
the  process  was  thus  continually  repeated,  until  the  copper  plates  were  by  im- 
perceptibly slow  degrees  worn  away.  The  quality  of  the  verdigris  thus  produced 
was  in  great  estimation.  The  manufacture  was  conducted  under  a  patent-right, 
which  has  now  expired. 

VERDITER.  A  blue  pigment,  obtained  by  adding  chalk  or  whiting  to  a 
solution  of  copper  in  aquafortis.  It  is  thus  prepared.  A  quantity  of  whiting  is 
pat  into  a  tub,  and  upon  this  the  solution  of  copper  is  poured.  The  mixture 
la  stirred  every  day  for  some  hours  together,  until  the  liquor  loses  its  colour. 
The  liquor  is  then  to  be  poured  off,  and  more  solution  of  copper  is  to  be  added ; 
and  the  process  thus  continued,  until  the  whiting  has  acquired  the  requisite 
depth  of  tint ;  when  it  may  be  first  dried  upon  large  pieces  of  chalk,  and  after- 
wards in  the  sun's  rays.    The  inferior  verditers  are  deficient  of  copper. 

VERJUICE.  An  austere  vinegar,  made  from  the  expressed  juice  of  wild  or 
crab  apples.  It  is  used  by  the  wax-chandlers  for  purifymg  their  wax.  Alto  in 
French  cookery,  to  give  pungency  to  ragouts,  &c. 
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VERMICELLI.  A  compotition  of  flour,  cheese,  yolks  of  eggi,  sagsrind 
saffron,  reduced  to  a  smooth  paste,  and  formed  into  long  slender  pieces  like 
worms,  by  being  forced  through  little  holes,  by  means  of  a  piston  moving  in  i 
cylinder. 

VERMILION.  A  beautiful  scarlet-red  pigment  It  is  usually  obtsined 
from  mercury,  being  the  red  sulphuret  of  that  metaL  It  is  said,  by  nme 
authors,  that  the  C&nete  vermilion  is  a  sulphuret  of  artemc :  others,  oo  the 
contrary,  assert  that  it  is  prepared  from  the  cinnabar  of  the  East,  which  banc 
an  ore  of  mercury,  already  combined  with  sulphur,  renders  it  an  obrioos  vm 
an  easily  conducted  process.  Larse  quantities  of  vermilion  are  manuiiietured 
by  the  Dutch.    Their  process  consists  in  grinding  together  150  pounds  of  sol- 

Shur,  and  1000  of  quicksilver,  and  then  heating  Uie  £thiops  mineral  thin  pro- 
uced,  in  a  castriron  pot,  two  feet  and  a  half  in  diameter,  and  one  foot  dec^ 
If  proper  psecaution  is  taken,  the  ^thiops  does  not  take  fire,  but  merely  doli 
together,  and  requires  to  be  ground.  Thirty  or  forty  pots,  capable  of  holding 
twenty-four  ounces  of  water  each,  are  then  611ed  in  readiness  with  this  i£thiopi. 
The  sublimary  vessels  are  earthen  bolt  heads,  coated  two -thirds  of  their  height 
with  common  fire-lute,  and  hung  in  the  iron  rings,  at  the  top  of  three  pot  fo^ 
naces,  built  in  a  stack  under  a  hood  or  chimney,  so  that  the  nre  has  free  socea 
to  the  coated  part ;  each  sublimer  has  a  flat  iron  plate,  which  covers  Uie  moatb 
of  it  occasionally.  The  fire  being  lighted  in  the  evening,  the  sublimen  ire 
heated  gpradually  to  redness.  A  pot  of  ^thiops  is  then  flung  into  each  nb- 
limer ;  the  ^thiops  instantly  takes  fire,  and  the  flame  rises  from  four  to  six  feet 
high ;  when  the  naxne  begins  to  diminish,  the  sublimer  ia  covered  for  some  time. 
By  degprees,  and  in  the  course  of  thirty-four  hours,  the  whole  of  the  JEduopi  b 

Sut  into  the  sublimers,  being  410  pounds  into  each.  The  sublimers  being  thai 
ischarged,  the  fire  is  kept  up,  so  that  on  taking  ofl*  the  covera  every  quarter  or 
half-hour,  to  stir  the  mass  with  an  iron  poker,  the  flame '  rises  about  three  or 
four  inches  above  the  mouth  of  the  sublimer.  The  sublimation  usually  tikes 
thirtv-six  hours,  and  when  the  sublimers  are  taken  out  of  the  furnace,  cooled, 
and  broken,  400  pounds  of  vermilion  are  obtained  from  each. 

Kirchoff'  first  showed,  that  by  commingling  and  triturating  mercury,  odphar, 
and  potash  together,  and  applying  heat,  cinnabar  might  be  obtained ;  bat  the 
proceu  was  uncertain,  and  gave  variable  quantities  of  vermilion.  The  fiJlov- 
mg  is  a  process  recommended  by  M.  Bruner  :-* 

Mercury 300  parta. 

Sulphur .  114 

Caustic  potash 75 

Water 400  to  450 

The  mercury  and  sulphur  are  first  triturated  together^  from  three  boon  to  a 
whole  day,  according  to  the  quantites  used.  When  the  mixture  is  homogeneous 
the  solution  of  potash  is  added,  the  trituration  continued,  and  the  mixture  bested 
in  an  earthen  vessel  or  porcelain,  or,  if  on  a  large  scale,  of  iron.  At  first,  the 
stirring  must  be  constant,  afterwards,  from  time  to  time.  The  heat  should  be 
sustained  113<*;  it  should  never  pass  122<>.  The  liquid  should  not  be  sHoved 
to  diminish  by  evaporation,  but  be  made  up.  Afler  some  hours,  the  miitore 
will  acquire  a  reddish  brown  colour,  and  then  ereat  care  is  required :  the  siix- 
ttire  must  not  pass  113*.  If  it  becomes  glutinous,  a  little  water  shoaU  be 
added ;  the  mixture  of  sulphur  and  mercury  should  always  be  in  a  pulvcrest 
form  in  the  liquid.  The  colour  becomes  more  and  more  brilliant,  ana  at  tino 
increases  with  astonishing  rapidity :  when  it  has  attained  its  highest  intcaiil]ft 
the  vessel  is  to  be  taken  ofi^  the  fire,  but  still  to  be  retained  warm  for  teTcnl 
hours.  The  time  necessary  for  the  application  of  heat,  appears  to  be  dircded 
as  the  (quantity  operated  upon.  If  the  proportion  above  be  in  grammes,  (sboit 
15 1  grains  each,)  the  red  colour  will  appear  in  about  eight  hoiua,  and  thecft* 
ration  be  finished  in  about  twelve  hours. 

The  cinnabar  is  then  to  be  washed,  and  the  small  quantity  of  meCalfie  bb> 
cury  that  may  be  present,  separated ;   firom.  328  to  330  parta  of  vennilMa  «0 
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be  obtained,  of  a  colour,  e(jua11ing  that  of  the  native  cinnabar,  and  far  surpaai- 
ing  that  of  cinnabar  obtained  by  sublimation.  The  mercury  and  the  potash 
should  be  quite  pure. 

VICE.  An  instrument  consisting  chiefly  of  a  pair  of  stout  jawa  or  chaps, 
which  are  brought  together  by  the  aid  of  a  screw,  to  compress,  or  hold  fast  any 
aubstance  placed  between  them.  Vices  are  of  almost  indispensable  utility  to 
amiths,  engineers,  and  the  generality  of  mechanics,  to  the  peculiar  wants  of 
certain  classes  of  whom,  they  are  sometimes  variously  modified :  but  the  vices 
in  general  use,  are  Uiose  termed  smiths'  vices,  and  these  are  of  several  kinds ; 
namely,  the  standard  vice,  the  bench  vice,  and  the  hand  vice.  The  first-men- 
tioned has  a  long  standard  bar  reaching  to  Uie  ground,  hy  which  it  may  be 
stapled  to  the  side  of  an  upright  post ;  and  likewise  a  pair  of  flattened  horns, 
by  whidi  it  may  be  nailed  to  the  top  of  the  post,  or  to  a  work-bench.  They 
are  made  of  various  sices,  and  weigh  from  15  to  150  pounds  each,  according 
as  they  may  be  required  for  heavy  or  light  work.  The  second  sort,  bench-Wees; 
are  of  a  smaller  class ;  they  have  no  standard  bar,  and  are  contrived  so  as  to  be 
clamped  firmly  to  the  bench,  by  means  of  a  screw  and  wrench,  and  the  horns 
or  claws  above.  Of  this  kind,  a  very  superior  quality  used  by  watch-makers, 
dock-makers,  and  other  delicate  mechanists,  is  made  by  the  Lancashire  tool- 
smiths,  whose  workmanship  surpasses  all  others.  The  third  kind,  hand- vices ; 
these,  thouffh  of  various  sizes,  and  modified  in  a  thousand  ways,  are  all  so  small 
as  to  be  held  in  one  hand,  that  the  article  they  gripe  may  be  worked  upon  by 
the  other ;  the  jaws  are  drawn  together  or  asunder  by  a  small  thumb  screw. 

VINEFICATEUR.  An  apparatus  for  collecting  the  alcoholic  vapours  that 
usually  escape  from  fluids  dunng  the  process  of  vinous  fermentation.  It  is  a 
conical  vessel  or  cap,  covering  a  hole  in  the  top  of  the  fermenting;  tun,  which  is 
In  other  respects  closed  air-tight.  The  conical  vessel  is  surrounded  by  a  reser- 
woir  of  cold  water,  so  that  the  spirituous  vapours,  rising  from  the  worcing  tun, 
may  be  condensed  when  they  enter  the  cone,  and,  ^running  down  its  sides,  be 
conducted  by  a  pipe  back  into  the  tun.  The  cap  is  provided  with  a  tube,  to 
carnr  off  the  easeous  portion  of  the  vapour  which  has  not  been  condensed. 

VINEGAR.  Acetic  acid  in  a  dilute  state,  combined  with  mucilage,  and 
sometimes  accompanied  with  flavouring  ingredients.  Though  frequentlv  result- 
ing from  spontaneous  fermentation,  this  useful  acid  is  usually  obtained  by  the 
manufactunng  processes  of  brewing  and  fermentation.  There  are  four  principal 
kinds ;  name^,  wine  vinegar,  malt  vinegar,  sugar  vinegar,  and  wood  ^negar. 
The  process  of  preparing  ue  last-mentioned,  has  been  already  describea  under 
the  article  Acid,  in  the  first  volume ;  our  attention  is  therefore  here  restricted 
to  the  three  former. 

Wine  Vinegar.  In  Paris,  the  wine  destined  for  makine  vinegar,  is  usually 
mixed  in  a  large  tun,  with  a  quantity  of  wine  lees ;  the  whole  is  then  transferred 
into  doth  sacks,  placed  within  a  large  vat,  and  the  liquid  portion  of  the  matter 
is  extruded  through  the  sacks  by  superincumbent  pressure.  What  passes  through 
is  run  into  large  casks,  set  upright,  having  a  small  hole  in  their  tops.  In  these 
vessels,  it  is  exposed  to  the  heat  of  the  sun  in  summer,  or  to  that  of  a  stove  in 
winter.  Fermentation  takes  place  in  a  few  days.  If  the  heat  should  then  rise 
too  high,  it  is  lowered  by  cool  air,  and  the  addition  of  fresh  wine.  In  the  skilful 
regulation  of  the  fermentative  temperature,  consists  the  art  of  making  good  wine 
▼inegar.  In  summer,  the  fermentative  process  is  usually  completed  in  a  fort- 
night; in  winter,  about  double  the  time  is  requisite;  afler  which,  it  is  run  off 
into  casks,  containing  some  chips  of  birch-wood,  where  it  is  allowed  to  remain, 
until  it  has  become  clear  and  bright,  which  usually  takes  a  fortnight  more.  The 
vinegar  is  then  put  into  close  casks,  and  is  ready  for  the  market. 

At  Orleans,  the  manufacturers  prefer  wine  of  a  year  old,  for  making  vinegar; 
but,  if  the  wine  has  lost  its  extractive  matter,  by  age  or  otherwise,  it  does  not  so 
readily  underao  acetification,  which  is,  however,  brought  about  by  the  addition 
of  bunches  of  grapes,  slips  of  vines,  or  green  woods,  abounding  with  extractive 
matter.  Almost  all  the  vinegar  of  the  north  of  France  b^ng  prepared  at 
Orleans,  the  manufacture  of  that  place  has  acquired  such  celebrity,  as  to  render 
the  process  employed  there  worthy  of  particular  attention. 
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The  Orleans  casks  contain  nearly  400  pints  of  wine.  Those  which  have 
already  been  used,  are  preferred.  They  are  placed  in  three  rows,  one  above 
another,  and  in  their  tops,  have  an  aperture  of  two  inches  diameter,  kept  always 
open.  The  wine  for  acctification  is  kept  in  adjoining  casks,  containing  beech 
shavings,  to  which  the  lees  adhere.  The  wine  thus  clarified,  is  drawn  off  to 
make  vinegar.  One  hundred  pints  of  good  vinegar,  boiling  hot,  are  first  poured 
into  each  cask,  and  there  left  for  eight  days.  Ten  pints  of  wine  are  mixed  m, 
every  eight  days,  until  the  casks  are  full.  The  vinegar  is  allowed  to  remain  in 
this  state  fifteen  days,  before  it  is  exposed  for  sale.  The  used  casks,  called 
mothers,  are  never  emptied  more  than  half,  but  are  successively  filled  again,  to 
acetify  new  portions  of  wine.  In  order  to  judge  if  the  mother  works,  the  vinegar- 
makers  plunge  a  spatula  into  the  liquid  ;  and,  according  to  the  quantity  of  froth 
which  the  spatula  shows,  they  add  more  or  less  wine.  In  summer,  the  atmc- 
spheric  heat  is  sufficient.  In  winter,  stoves  heated  to  about  76*  Fahr.  maintain 
the  requisite  temperature  in  the  manufactory. 

In  some  countiy  districts,  the  people  keep,  in  a  place  where  the  temperature 
is  mild  and  equable,  a  vinegar  cask,  into  which  they  pour  such  wine  aa  they  wish 
to  acetify  ;  and  it  is  always  preserved  full,  by  replacing  the  vinegar  drawn  oS,  by 
new  wine.  To  establish  this  household  manufacture,  it  is  only  necessary  to  buy 
at  first  a  small  cask  of  good  wine.  The  following  mode  of  preparing  vinegar, 
which  was  described  by  Boerhaave,  more  than  a  century  ago,  is  still  in  practice 
in  various  parts  of  France,  and  elsewhere : — 

"  Take  two  large  casks  or  hogsheads,  and  hi  each  of  these,  at  the  distance  of 
a  foot  from  the  bottom,  form  a  false-bottom  of  wicker-work  ;  set  the  vessel 
upright,  and  on  the  grate  place  a  moderately  close  layer  of  green  twigs,  or 
fresh  cuttings  of  the  vine.  Then  fill  up  the  vessel  with  the  foot-stalkt  of  the 
grapes,  commonly  called  the  rape,  to  the  top  of  the  vessels,  which  must  be  left 
quite  open.  Having  thus  prepared  the  two  vessels,  pour  into  them  the  wine  to 
be  converted  into  vmegar,  so  as  to  fill  one  entirely,  and  the  other  only  half- 
way up.  Leave  them  thus  for  twenty-four  hours,  and  then  fill  up  the  half-filled 
vessel  with  liquor,  from  that  which  is  quite  full,  and  which  will  now,  in  its  turn, 
be  left  only  half  full.  Twenty-four  hours  afterwards,  repeat  the  same  operation, 
and  thus  go  on,  keeping  the  vessels  alternately  full  and  half  full,  during  twenty- 
four  hours,  till  the  vinegar  be  made.  On  the  second  or  third  day,  there  will 
arise  in  the  half-filled  vessel,  a  fermentative  motion,  accompanied  with  sensible 
heat,  which  will  gradually  increase  from  day  to  dav.  On  the  contrary,  the  fer- 
menting motion  is  almost  imperceptible  in  the  full  vessel;  and,  aa  the  two 
vessels  are  alternately^'full  and  half  fiill,  the  fermentation  is,  by  this  means,  in 
some  measure,  interrupted,  and  is  only  renewed  every  other  day  in  each  vessel 
When  this  motion  appears  to  have  entirely  ceased,  even  in  the  half-filled  vessel, 
it  is  a  sign  that  the  fermentation  is  finished ;  and  therefore,  the  vinegar  is  then 
to  be  put  into  casks,  close-stopped,  and  kept  in  a  cool  place.  A  greater  or  less 
degree  of  warmth  accelerates,  or  checks  this,  as  well  as  the  spirituous  fermenta- 
tion. In  France,  it  is  usually  finished  in  fifteen  days,  during  the  summer ;  but 
if  the  heat  of  the  air  be  very  great,  and  exceed  25^  of  Reaumur's  thermometer, 
(88^0  Fahr.)  the  half-filled  vessel  must  be  filled  up  every  twelve  hours ;  because, 
if  the  fermentation  be  not  so  checked  in  that  time,  it  will  become  violent,  and 
the  liquor  will  be  so  heated,  that  many  of  the  spirituous  parts,  on  which  the 
strength  of  the  vinegar  depends,  will  be  dissipated,  so  that  nothing  will  remain 
after  the  fermentation,  but  a  vapid  liquor,  sour  indeed,  but  effete,  llie  better 
to  prevent  the  dissipation  of  the  spirituous  parts,  it  is  a  proper  and  usual  pre- 
caution to  close  the  mouth  of  the  half-filled  vessel  in  which  tne  liquor  ferments, 
with  a  cover  made  of  oak  wood.  As  to  the  full  vessel,  it  is  always  left  open, 
that  the  air  may  act  freely  on  the  liquor  it  contains ;  for  it  is  not  liable  to  the 
same  inconvenience,  because  it  ferments  but  very  slowly.** 

In  observing  the  phenomena  of  this  fermentation,  M.  Fourcroy  remarks, 
(Elements  of  Naturaf  History  and  Cliemistry,  London,  1790,)  wc  perceive  a 
great  deal  of  boiling  and  hissing.  The  liquor  becomes  hot  and  turbid ;  a  great 
many  bubbles  and  filaments  appear  to  run  through  it  in  all  directions :  there 
azhales  from  it  a  lively  acid  smell,  which  is  no  way  dangerous :  it  absorbs  a 
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great  deal  of  air.  By  degrees,  tlicse  phenomena  disappear ;  the  heat  falln,  the 
emotion  ceases,  and  the  liquor  becomes  clear.  It  deposits  a  glareous  sediment 
in  reddish  flakes,  which  stick  to  the  sides  of  the  casks.  It  appears,  from  a 
sufficient  number  of  experiments,  that  the  smaller  the  quantity  of  the  wine,  and 
the  more  it  is  exposed  to  the  contact  of  air,  so  much  the  more  readily  does  it 
pass  into  Ihe  state  of  vinegar.  Care  must  be  taken  to  draw  off  the  vinegar 
clear,  when  it  is  thus  prepared,  in  order  to  separate  the  lye,  which,  were  this 
precaution  neglected,  would  cause  it  to  pass  into  the  state  of  putrid  fermenta<* 
tion.  Vinegar  does  not,  like  wine,  deposit  tartar  by  rest :  tuat  salt  was  dis* 
solved,  and  combined  with  the  alcohol  and  water,  dunng  the  fermentation.  It 
is  even  probable,  that  the  presence  of  the  salt  has  a  principal  influence  in  calling 
forth  the  properties  of  vinegar  from  a  Intent  state. 

Afalt  Vinerjar^  which  is  chiefly  used,  and  extensively  manufactured  in  this 
conntry  for  foreign  as  well  as  home  consumption,  is  made  by  macerating  malt 
(in  some  instances  mixed  with  a  projiortion  of  unmi^ted  barley,)  in  hot  water* 
From  each  boll  of  the  grain  is  extracted  one  hundred  gallons  of  wort,  and  when 
the  temperature  is  reduced  to  about  75^  of  Fahr.  four  gallons  of  beer  yeast  are 
added  to  each  hundred  gallons.  The  liquor  is  next  racked  off  into  a  series  of 
upright  vats,  arranged  in  a  stove-room,  kept  heated  to  a  temperature  of  nearly 
90**  Fahr.  The  vats  are  provided  with  perforated  false  bottoms,  on  which  is 
strewed  a  quantity  of  rape^  tlie  refuse  from  the  makers  of  British  wine,  or  some 
low  priced  raisins.  Every  twenty-four  hours,  or  oftener,  should  the  liquor  grow 
too  warm,  the  principal  portion  of  tlie  liquor  of  each  alternate  Tat  is  pumped  out, 
and  discharged  into  the  adjoining  one,  two  vats  being  usually  worked  together, 
in  the  manner  already  described,  until  the  active  fermentation  is  completed. 
After  this,  the  liquor  is  drawn  ofi'  clear  into  large  casks  or  pipes,  which  are  laid 
on  their  sides,  exposed  to  the  air,  the  bung^holes  being  only  loosely  covered,  to 
exclude  accidental  impurities. 

VINERY.  A  garden  erection,  usually  consisting^  of  a  wall  12  or  14  feet 
high,  extending  in  an  easterly  and  westerly  direction,  covered  with  a  roof  and 
glass  lights,  furnished  with  a  stove  and  flues,  and  every  convenience  for  the  pro- 
tection and  cultivation  of  vines. 

VIOLIN,  or  flddle ;  a  well-known  stringed  instrument  of  brilliant  tone,  the 
vibrations  in  which  are  produced  by  means  of  a  bow. 

VIOLONCELLO,  or  bass  viol ;  a  similar  instrument  in  construction  to  the 
violin,  but  of  a  larger  size,  and  having  a  more  powerful  efiect.  An  improve 
ment  in  the  violoncello  was  lately  made  by  Mr.  S.  A.  Forster,  of  F/ith  Street, 
Soho,  London,  for  which  that  gentleman  received  an  honorary  medal  from  the 
Society  of  Arts.  The  tail-piece  of  a  violoncello  is  a  thin  board,  usually  of  ebony, 
fixed  at  the  end  of  the  instrument,  opposite  to  the  pegs,  and  to  which  the  ends  of 
the  strings  are  tied,  or  otherwise  fastened.  Mr.  Forster's  invention  consists, 
first,  in  making  three  longitudinal  cuts  in  the  tail-piece,  dividing  it  into  four 
bars,  united  only  at  the  lower  end,  sufficiently  separated  at  the  other  to  pre- 
vent their  touching  while  in  a  state  of  vibration ;  and  attaching  the  stnngs 
one  to  each  of  the  bars.  In  each  bar  are  three  holes,  and  the  string  is  to  be 
fiaistened  to  whichever  of  them  on  trial  shall  be  found  to  give  the  most  perfect  tone. 
Secondly,  the  material  of  the  tail-piece,  instead  of  being  wood,  as  usual,  is  of 
soft  hammered  brass ;  this  alloy  being  found  to  give  freer  vibrations  than  copper, 
and  to  be  preferable  to  iron  or  steel,  on  account  of  the  metallic  quantity  of  tone 
which  attends  the  use  of  these  substances.  By  the  above  arrangement,  each 
string  being  attached  to  its  own  bar,  the  strinc;  and  bar  form  a  continuous  and 
distinct  line,  and  therefore  the  vibrations  of  the  different  notes  interfere  less 
with  each  other.  When  the  strings  are  tied  to  one  common  tail-piece,  the 
breaking  of  one  puts  all  the  others  out  of  tune ;  but  in  Mr.  Forster's  inven- 
tion, as  each  string  has  its  own  bar  or  tail-piece,  the  breaking  of  one  affects  the 
others  in  a  very  slight  degree. 

VITRIOLS.  A  class  of  salts  formed  by  earthy  or  metallic  combinations 
with  the  vitriolic  or  sulphuric  acid. 

VOLUTE.  A  spital  scroll,  used  in  the  Ionic  and  Composite  capitals  o£ 
columns,  whereof  it  makes  the  principal  characteristicand  ornament. 
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WAFERS.  Small  dues  of  dried  paste,  used  for  sealing  letters.  The  mode 
of  making  them  is  as  follows : — ^Take  fine  wheat  flour,  mix  it  with  white  of  ^gs 
and  isinglass  into  a  very  smooth  paste,  and  spread  the  same  over  tin  plates  evenly, 
and  dry  them  in  an  ove:i,  placing  several  of  the  plates  one  over  the  other  to 
communicate  a  glossy  surface  to  the  wafers.  When  dry,  the  sheets  of  paste  thus 
formed  are  laid  up  in  a  pile,  ahout  an  inch  or  more  in  depth,  and  cut  out  into  circu- 
lar pieces  hy  a  hollow  punch,  which  allows  the  wafers  to  pass  up  its  tuhular  cavity 
and  discharge  themselves  sideways  as  the  cutting  proceeds,  which  is  effected 
with  great  rapidity.  The  variety  of  colours  that  are  ordinarily  communicated  to 
wafers,  is  given  to  them  in  the  paste,  hy  the  usual  pigments  in  the  dry  powdered 
state,  or  previously  dissolved  in  the  water  employed.  As  the  ornamental  sub- 
stitute for  sealing-wax  and  wafers  taken  from  gems,  seals,  or  Tassie's  copies 
thereof,  which  was  recently  much  in  fashion,  possesses  some  utility  as  a  very 
convenient  cement,  we  shall  here  add  the  mode  of  preparing  it.  A  solution 
of  Salishury  glue,  in  water  previously  tinged  red,  purple,  yellow,  &c.,  by  Brazil- 
wood, log-wood,  turmeric,  &c.  must  be  prepared  of  a  proper  consistence.  The 
hollows  of  the  gem,  &c.  must  then  be  moistened  with  a  uttle  weak  gum-water, 
in  which  any  white  or  coloured  opaque  powder  is  mixed;  or  with  the  gum- 
water  alone,  and  the  colour  in  powder  sifted  over  it ;  all  the  colour  must  then  be 
wiped  off  the  plain  parts,  leaving  it  only  in  the  hollows.  Asmueh  of  the  melted 

Slue  must  then  be  poured  upon  the  gem  as  can  lie  upon  it,  and  be  suffered  to 
ry  in  a  gentle  heat ;  when  it  will  shrink  considerably,  so  as  to  become  not 
thicker  than  an  ordinary  sheet  of  writing  paper ;  it  readily  quits  the  gem,  pre- 
senting a  beautiful  cast  of  it.  To  use  it,  the  folded  note,  letter,  &c  should 
be  wetted  on  the  part  where  the  glue-wafer  is  to  be  applied,  and  the  back  of 
the  wafer  be  placed  on  the  wet  part,  when  it  will  soon  adhere,  by  its  gluti- 
nous property,  and  thus  form  an  elegant  closure  to  the  letter.  It  should  be 
remarkeo,  that  this  is  merely  the  revival,  and  application  to  a  different  pur- 
pose, of  a  well-known  process,  formerly  much  used  for  taking  casts  tnm 
medals,  coins,  &c.;  viz.  by  making  a  solution  of  isinglass  in  proof-8{Mrits, 
straining  it  clear,  and  pouring  it  over  the  surface  of  the  medal,  &c.  The  isin- 
glass shrinks  in  drying,  and  will  readily  quit  the  surface  of  the  medal ;  it  may 
then  either  remain  in  its  transparent  state,  or,  by  breathing  upon  it,  a  coat  of  lev 
gold  or  silver  may  be  applied  to  it,  and  thus  give  it  the  appearance  of  metaL 

The  French  isinglass  wafers  are  made  in  France,  in  tne  following  manner. 
The  isinglass  being  dissolved  in  water  to  the  proper  consistence,  is  poured  out 
upon  plates  of  glass  provided  with  borders,  and  laid  upon  a  level  table ;  to  pre- 
vent tne  glue  from  sticking  to  the  plates,  a  little  ox-gall,  or  other  fit  material 
should  be  rubbed  over  them.  Plrevious  to  the  isinglass  becoming  quite  dry,  they 
are  to  be  cut  through  along  the  borders.  The  leaves  are  then  removed,  and  cut 
out  with  hollow  punches,  as  other  wafers  are.  The  various  colours  are  com- 
municated to  them  by  pigments  while  in  the  fluid  state.  They  are  sometimes 
flavoured  with  essential  oils  and  aromatics,  as  well  as  fruits,  to  give  them  an 
agreeable  taste.  For  sealing  letters,  these  wafers  afford  more  security  than  the 
ordinary  paste  kind. 

WASHING-MACHINE,  in  the  conunon  acceptation  of  the  term,  is  an 
apparatus  for  cleansing  linen,  cloth,  and  various  fabrics ;  there  is  a  great  diver- 
Bity  of  them,  but  one  or  two  that  we  shall  describe  will,  in  a  great  measure, 
afiiord  an  idea  of  the  generality.  In  the  annexed  figure  is  given  a  section  of 
Mr.  Flint's  Patent  Machine  for  cleansing  woollen  cloths  from  dirt,  and  their 
excess  of  colouring  matter,  after  haviug  been  dyed,  a  a  is  the  section  of  a 
water  trough,  filled  with  water  up  to  the  pipe  /,  by  which  it  is  supplied ;  6  is 
an  inner  vessel  for  receiving  the  dirt  and  the  colouring  matter,  as  it  falls 
from  the  cloth  between  the  two  cylinders  d  d^  when  pressed  b^  the  action 
of  the  upper  cylinder.  These  cylinders  are  made  of  wood,  with  reeds  or' 
flutes  along  their  peripheries,  and  revolve  upon  their  axleiii  in  bearinga  fixed  y^ 
the  sides  of  the  trough,  which  cannot  be  shown  in  this  view.  The  ololh  t  is 
put  over  (he  two  lower  cylinders  (as  a  round  towel)  in  an  endless  cofl;  tfie 


WASI1ENG-MACHINE3.  S53 

CTUnden  arc  put  in  motion,  bjr  gtu  or  by  bandi  from  uy  adequite  flnt  moTtr. 
Of  Mm  airan^ement  tbe  cloth  ii  gentlj  preiacd  between  the  flutei  Oi  libl  of  the 
molTing  cjbDdert,  puiing  throi^  the  eot^  water  below  in  euy  folda,  whUe 


u  colouring  matter  and  dirt  falli  end  ii  collected  in  the  inner  veMtlf 
preeerving  the  water  in  tbe  outer  veieel  from  a  great  proportion  of  the  foulneM 
which  it  would  olberwiu  acquire. 

"   *  .• -n  11    --^  J,,  1^^^  wDoee  pati    .  .^_. 

g  machine,  comUned 


in  one  appwatui ;  the  prindptl  ■nangementi  of  which  will  be  undenlood  bj 
vcference  to  the  above  diutam.  Mr.  fiulUnati  juitly  ttatM  that  the  etdinarf 
proeeei  of  wrin^g  ii  pecuUirlj  deelructive  of  linen  appartl,  Mgtd$Dj  nieh  « 
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are  of  a  delicate  texture ;  and,  to  obviate  this  defect,  he  causes  the  linen  to  be 
passed  from  the  washinje  machine  between  rollers  which  squeeze  by  simple 
pressure  the  water  out  oi  them,  so  as  to  make  them  nearly  dry. 

a  is  the  vessel  holding^  the  clothes  and  water,  standing  upon  stout  legs  bh:  it 
has  a  circularly  curved  bottom,  to  accommodate  the  action  of  an  oscillating 
beating  frame  which  is  put  in  motion  by  the  cross  handle  c,  and  turns  upon  a 
fulcrum  at  d.  The  lines  at  e  are  intended  to  represent  some  of  the  clothes, 
supposed  to  be  washed,  being  taken  up  out  of  the  vessel  by  means  of  the  roUers/a, 
between  which  they  are  compressed  as  they  emerge  from  the  vesseL  The  axis 
of  the  roller  g  carries  a  toothed  wheel  h,  operated  upon  by  a  small  pinion  i,  by 
turning  the  winch  k.  The  rollers  are  duly  provided  with  apparatus  to  adjust  dieir 
distance  from  each  other,  by  which  the  pressure  is  of  course  regulated ;  and  they 
are  covered  with  two  or  three  coils  of  flannel,  to  give  elasticity  to  the  pressure, 
and  prevent  injury  to  the  fabric.  We  have  seen  the  machine  in  action,  and  it 
seems  to  do  its  duty  very  well.  The  patentee  says,  that  by  the  use  of  the 
wringing  apparatus  alone,  linen  will  last  twice  as  long  as  when  wrung  in  the 
usual  manner.  Washing  machines  for  other  processes  are  described  under  the 
subjects  to  which  they  relate. 

WATER.  A  transparent  fluid  without  colour,  smell,  or  taste,  and  compressible 
only  in  a  very  slight  degree;  when  pure,  not  liable  to  spontaneous  change ;  liquid 
at  the  common  temperature  of  our  atmosphere,  assuming  a  solid  form  at  32^  of 
Fahr.  and  agaseous  state  at  212o  Fahr.,  but  returning  unaltered  to  its  liquid  state 
on  resuming  any  degree  of  heat  between  these  points.  Water  is  capable  of 
dissolving  a  greater  number  of  natural  bodies  than  any  other  fluid  whatever,  and 
especially  those  known  by  the  name  of  the  saline;  performing  the  most  im- 
portant functions  in  the  animal  and  vegetable  kingdoms,  and  entering  largely 
into  their  compositions  as  a  constituent  part ;  water  exists  therefore  in  three 
different  states :  in  the  solid  state  or  state  of  ice,  in  the  liquid,  and  in  the  state 
of  vapour  or  steam.  It  assumes  the  solid  form,  as  observed  above,  when  cooled 
down  to  the  temperature  of  32o,  in  which  state  it  increases  in  bulk,  and  hence 
exerts  a  prodigious  expansive  force,  owing  to  the  new  arrangement  of  its  parti- 
cles, which  assume  a  crystalline  form,  the  crystals  crossing  each  other  at  an  angle 
of  600  or  120O.  The  specific  gravity  of  ice  is  therefore  less  than  that  of  water. 
When  ice  is  exposed  to  a  temperature  above  32°,  it  absorbs  caloric,  which  then 
becomes  latent,  and  is  converted  into  a  liquid  state,  or  that  of  water.  At  the 
temperature  of  42^  5^  water  is  at  its  maximum  of  density ;  and  according  to 
some  accurate  experiments  upon  water  in  this  state,  a  French  cubic  foot  of  it 
weighs  70  pounds  223  grains  French,  which  is  equal  to  529452.9492  troy  grains. 
An  English  cubic  foot,  at  the  same  temperature,  weighs  437102.4946  grains 
troy.  By  professor  Robinson's  experiments,  it  is  ascertained  that  a  cubic  foot 
of  water,  at  the  temperature  of  550^  weighs  998.74  avoirdupois  ounces,  of 
437.5  grains  troy  each,  or  about  li  ounce  less  than  1000  ounces  avoirdupots, 
which  latter,  however,  is  the  usual  estimate.  When  water  is  exposed  to  the 
temperature  of  212o,  it  boils  ;  and  if  this  temperature  be  continued,  the  whole 
is  converted  into  elastic  vapour  or  steam.  In  this  state  it  expands  to  about 
1600  times  its  bulk  when  in  the  state  of  water,  which  shows  what  an  astonishing 
expansive  force  it  must  exert  when  it  is  confined ;  and  hence  its  application  to  the 
steam  engine,  of  which  it  is  the  moving  power.  Water  was  formerly  considered  ai 
a  simple  elementary  substance,  and  the  contrary  was  not  satisfactorily  ascertained 
till  towards  the  end  of  the  eighteenth  century,  when  it  was  found  that  100  parts, 
by  weight,  of  water  is  composed  of  85  parts  of  oxygen  gas,  and  15  of  hydrogen 
gas.  In  the  common  tables  of  specific  gravities,  that  of  water  is  assumed 
as  1 .000,  or  the  unit  of  measurement,  because,  as  has  been  already  observed,  a 
cubic  foot  of  water  weighs  very  nearly  1000  ounces;  it  follows,  therefore,  that 
the  number  expressed  in  the  table  as  the  specific  gravity  of  any  other  aubetancc^ 
gives  also  the  real  weight  of  a  cubic  foot  of  such  substance. 

WATER,  boring  for.     See  Boring  the  Earth. 

WATER-CLOSET.  It  was  not  until  that  important  little  contrivance,  eaBed 
the  water  lute  or  air-trap  was  invented,  (which  we  have  described  under  the  lait* 
mentioned  designation)  that  private  dwellings  could  be  even  partially  secured 
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e  of  unpleaiant  effluvia;  but  however  excellent  may  b« 


lian  vu  renjereil  a  greater  evil  than  a  benefit,  until  the  Tate  ingenioua  Mt. 
Bnmah  deviied  the  apparatui,  now  termed  a  water-clo«et.  Succeeding  inge- 
uioue  men  materially  improved  it,  and  have  given  to  it  a  variety  o(  forma  and 
modificBtiooB.  Oat  of  the  many  preiented  to  our  notice,  ne  have  lelected  three 
for   deaciiption  in  this  place,  which  appear  to  111  to  be  deserving  of  public 


EI^Tl    ^*  ."'S  "•  ■'"''I  !"""■<«•  «  'h'  P»(«nt  wlf-actinB  »at«f-clotet, 
imrmted  by  Mr.  J.  Downey  of  High  Holbom.     It  ii  put  into  operation  hy  tha 
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removal  of  the  penon't  weight  from  the  leat,  to  u  to  be  entirelj  lelf-acting,  mi 
independent  of  the  unul  attention  of  letline  on  the  water. 

a  in  the  foregoing  engraving  repreienti  the  water  initarti,  placed  aa  uanal  at  a 
lofficient  elevation  above  the  dotet  to  give  the  water  an  impetoi ;  A  ia  the 
(erviee  box,  for  regulating  the  aupply ;  water  entera  it  b^  the  valve  e,  ami  air 
by  the  pipe  d;  e  is  a  im^t  lever  by  which  a  communication  between  thevalra 
e  and  tne  machinery  ia  effected,' ax  may  be  aeen  by  the  wirei  extending  from 
one  end  of  it  down  the  pipe  d,  and  from  the  other  to  the  cranki  ooo ;  / ii  the 
pipe  by  which  the  water  la  aupplied  to  the  baiin  g  ;  ■'  ia  a  pushing  rod  attached  to 
the  teat,  which  is  hinged  al  the  back  to  a  projection  from  the  axia  of  a  loog 
lever  k,  lo  that  when  a  person'*  weight  i<  placed  upon  the  seat,  the  left  hand 
end  of  the  lever  is  uiuJied  down  till  the  pendantlink  at  b  catchea  the  hooked 
end  of  a  one-armed  lever  as  represented  in  the  figure.  Now  it  will  be  observed 
that  when  the  person's  weiglit  is  removeil  from  the  seat,  the  balance  weight  t 
wilt  descend  and  raise  the  link  b,  and  with  it  the  hooked  lever  which  ia  attached 
by  a  looped  connecting  link,  to  a  toothed  sector  movable  on  an  azia  which  ii 
connected  to,  and  turns  back  the  soQ  pan,  when  the  water  it  let  on  by  the  ele- 
vation of  the  lever.  When  the  upper  lever  rises  to  its  greatest  elevation,  the 
pendant  link  b  slips  off  the  hooked  end  of  the  lower  lever,  which  then,  by  a 
counterpoise  attached  to  the  toothed  sector,  is  browht  back  to  its  atationary 
position,  at  the  same  lime  shutting  the  vslve  c,  ana  returning  the  soil  pan  la 
take  in  the  bottom  of  Ihe  basin.  The  quantity  of  water  contained  in  the  service 
boi,  when  ita  vnlre  ia  shut,  descends  into  the  basin  and  fHls  up  the  toil  pan  and 
the  iower  part  of  the  basin,  thus  preventing  any  escape  of  efSuvia  from  the  soil 
jnpes.  Tlie  use  of  the  fly  wheel,  which  ia  put  in  motion  by  the  toothed  sector 
actitLg  on  a  small  pinion  fixed  on  its  axii,  is  to  prevent  by  its  inertia  the  water 
liom  being  too  suddenly  shut  off  when  the  lower  lever  is  liberated. 

This  closet,  though  somewhat  complicated  in  appearance,  is  reallj  simple  in 
lit  action,  and,  aa  manufactured  by  the  patentee,  not  very  liable  to  derangement 

Beacham'a  patent  water-closet,  is  of  the  portable  kind.  It  represents,  in  tli 
external  appearance,  an  ornamental  piece  of  cabinet-work.  Otir  drawing  and 
description  has  of  course  only  reference  to  the  interior.  The  construction  is  seen 
b^  the  annexed  diagram,  a  is  the  basin,  i  the  trap  or  valve  al  (he  bottom,  e  a 
piece  of  brass  aflized  to  the  bottom  of 
the  valve,  acting  as  a  lever  for  opening  or 
shutting  the  same,  its  fulcrum  being  on 
a  fixed  axis  in  two  apright  brass  sterna, 
one  of  which  ia  shown  at  d.  The  latter 
are  affixed  to  the  metallic  casing  which 
encloses  the  basin,  and  thus  forms  a  sup- 
porting frame-work  for  this  part  of  the 
apparatus.  The  lower  ends  of  the  stem 
d  form  two  circular  checks  t,  for  en- 
doaing  a  convoluted  spring  of  a  cylin- 
drical form,  like  Ihe  usual  dooi  Hiring; 
but  inatead  of  steel,  it  i*  made  of  tough 
hammer-hardened  brass,  which  pos- 
sesses, when  coiled  ud,  considerable  :  ■ 
elasticity,  and  is  not  destroyed  or  in-  |  : 
jured  like  steel  by  rapid  corrouon.    To       ■  ! 

the  spring  is  attached  a  stem,  carrying      t— — —  ,- J 

an   anti-fiiclion  roller,  which   presaes 

against  c  with  the  requisite  force  to  keep  the  valve  b  shot;  this  force  mar  at  any 
tims  be  regulated  in  a  minute,  by  means  of  a  screw  on  die  oppMita  ude  «f  the 
barrel  or  spring ;  if  turned  with  a  acrew-driver  in  one  directian,  tbclbiee  of  Ibc 
spring  ia  increased,  and  if  in  the  revene  direction,  it  u  Telaxad ;  aad  it  ii  fixed 
to  the  reqnired  degree  by  the  pall  (ailing  into  the  teeth  of  the  rfttohet-wheal, 
•hown  in  the  centre  of  (.  The  method  of  working  the  valve  by  the  actlosi  of 
tliii  ipiing,  is  the  essential  and  valuable  part  of  the  invention,  and  It  ii  tlM  on 
which  the  clum  of  fatent^i^l  &«f«&b.   'nt«  lltds  roller,  it  will  b«  obaerTed, 
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(Imi  not  act  upon  a  horiunlal  plain  aitrikM,  Duragaintt  an  inclinm)  plane, 
but  it  ruDB  upon  the  curved  or  convex  lurfiice  at  the  end  of  the  piece  6;  the 
efiect  of  which  is,  that  when  the  trap  or  valve  ie  opened  hy  the  weight  Ot  tbe 
contenti  of  the  fa«iin,  or  by  water  from  the  pump,  the  force  of  Uie  tpting 
gently  relaiei,iiuteadofiacreaaiDg,pennittiiig  it  to  open  wide,  andbethoroughlj 
cleaned ;  and  the  valve,  a>  it  rctums,  being  operated  upon  by  the  increaiing 
force  of  the  epring,  ii  thereby  ihut  up  very  doeely.  TMa  mode  of  r^nilating  the 
Mwanre  i«  ingenioui,  and  producet  that  unifbrmity  and  certainty  of  effect  *o  mnoh 
dented;  without  which,  indeed,  a  machine  of  the  kind  ia  a  nuiaauce  inatead 
of  a  convenience.  The  dotted  lines  ihow  the  roanuer  in  which  the  apparatui  i* 
dropped  into  a  pail.  The  double  rim  of  the  latter  is  made  to  contain  a  little 
wkter,  fbtmiiw  a  Utile  canal  all  round,  and  tbe  projecting  rim  of  the  former  being 
immenad  in  it,  an  air-tight  joint  is  thua  produced,  which  prevents  the  escape  of 
effluvia.  The  pail,  &c.  is  enclosed  in  mahogany  or  other  cases,  wrought  ao  aa 
to  represent  varioui  articles  of  the  fumitnre  of  a  room  in  the  usual  way. 

Another  very  ingenious  contrivance  adapted  to  be  used  in  ahouse,  butamecialljr 
calculated fmship.Utard,  wasinventedby  Mr.Downton,  Blackwall;  the  soil  being 
forced  oat  of  it  by  means  of  an  air-pump,  so  that  its  perfect  operation  may  be 
ensured  in  any  situation,  above  aa  well  as  below  the  surface  of  the  water. 

A  ia  the  bann ;  B  the  ailvf  ump,  on  the  raiibg  of  the  piiton  of  which  by  meane 
of  the  lever  shown,  the  soil  is  drawn  into  it  from  A  through  the  bent  tube ;  on 
depreasing  the  piston  in  B,  the  valve  at  the  bottom  of  it  doKi,  and  a  valve  at  C 


opene,  through  which  the  soil  ii  driven,  and  along  the  pipe  D  to  the  required 
diataoce,  the  toil  being  prevented  &om  returning  by  the  clonngof  the  valve  at  C. 
In  the  upper  part  of  the  bason  there  it  a  small  pipe  leading  into  the  upper  part 
of  the  cylinder,  where  a  valve  opens  inward*;  consequenUy,  in  depressing  the 
piston,  the  foul  air  is  drawn  from  the  bason  into  the  cvlinder,  and  on  raising  the 
pialon,  the  foul  air  i*  forced  out  of  the  cylinder  hy  tne  large  bent  tube  ibown, 
into  the  discharge-pipe  D.  To  the  pump  lever  the  usual  cranks  are  connected 
for  turning  on  and  off  the  dean  water,  suppUed  by  die  small  pipe  which  i*  shown 
bent  round  the  cylinder. 

WATER-COLOURS,  Pigraenia  in  which  water  ii  employed  aa  the  vehicle 
fur  painting  with,  in  contradiatinction  to  oil^olours,  wherein  oil  is  the  vehicle  - 
the  colouiiag  matters  are  the  same  in  both  cases.  For  water-colour  painting, 
■       ■  ...  ....         J  ijiJ^  cakca. 


the  pigments  are  ground  extremely  line,  and  made  up  into  elegant  Ii 

with  mucilage  or  gelatine,  and  may  be  had  at  the  principal  colour-Bhops  in  ■  swib 

of  great  punty  and  beauty.     SeePiiNTiNo. 

WATER-MILL,  ia  a  general  term  applied  to  all  mills  moved  hy  tbe  force 
or  weight  of  water ;  many  of  the  mills  or  maebineiy  described  In  the  course  of  this 
woric  would  be  popularly  called  by  the  indefinite  term,  water-miSs.     Now,  the 
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modef  of  communicating  the  impuke  of  water  to  the  driving  of  machinery  are 
Tarious;  lome  of  these  are  described  uider  the  head  Htdeaulic-Machihbs  ; 
and  amongst  them  one  of  great  excellence,  denominated  the  **  Statical  Hydraolie 
Enfi;ine ;"  and  all  that  we  have  to  add  to  the  suhject  in  this  part  of  the  work, 
will  properly  fall  under  the  designation  of  WATBE-wHSBLSy  giren  in  the  sab- 
joined  artiae :  as  it  is  by  the  application  of  water-wheels  that  mills  become 
water-mills. 

WATEEl- WHEEL,  in  the  common  acceptation  of  the  term,  is  an  instmrneBt 
by  which  the  moving  force  of  water  is  employed  to  communicate  motion  to 
machinery ;  there  is,  however,  another  class  of  water-wheels,  commonly  called 
paddles,  in  which  the  water  is  employed  as  a  stationary  resisting  force.  The 
last  mentioned  class  is  described  under  the  head  of  Stbam-Vbssels^  in  which  it 
forms  the  most  conspicuous  feature.  Under  the  present  section  we  therefore 
confine  our  notice  to  the  first-mentioned  class  of  water-wheel%  of  which  theie 
are  three  distinct  kinds,  namely,  the  underskoi,  the  ovenhat^  and  the  6r«a«l-wheel. 
(There  b  usually  described  in  books  upon  the  subject,  a  fourth  kind,  caUed  the 
horisumtal  wheel ;  but  it  is  so  disadvantageous  an  arrangement,  compared  to 
the  three  first  mentioned  kinds,  that  we  shall  exclude  it  from  our  description. 

The  undershot  water-wheel  is  that  commonly  used  in  rivers  and  streams,  and 
is  by  far  the  most  ancient  kind ;  it  requires  no  other  fall  or  inclination  of  tne 
stream  than  may  be  sufficient  to  produce  a  rapid  progressive  motion  on  it ;  and  as 
it  acts  chiefly  by  the  momentum  of  the  water, — its  positive  weight  being  scarcely 
called  into  action, — it  is  only  fit  to  be  used  where  there  is  a  profusion  of  water 
always  in  motion.  This  wheel  has,  however,  the  advantage  of  being  the  cheapest 
of  all  water-wheels,  and  is  more  applicable  to  rivers  in  their  natural  state  than 
any  other  form.  It  likewise  works  equally  well  whether  the  water  acts  upon 
the  one  or  the  other  side  of  its  float-boards ;  which  renders  it  particularly  applica- 
ble to  tide  rivers,  where  the  current  changes  from  one  direction  to  the  opposite 
one  at  ebb  and  flood.  There  are,  however,  some  practical  disadvantages  attend- 
ing this  form  of  wheel,  when  made  of  small  diameter,  or  the  increase  of  water 
causes  a  large  wheel  to  be  immersed  too  deeply.  In  either  ease  the  effect  is 
similar.     Let  us  first  suppose  that  the  wheel  delineated  beneath,  is  immersed 


in  water  up  to  the  dotted  line  ah;  the  float-board  h  would  press  downward 
upon  the  water,  while  that  at  a,  on  the  opposite  side,  would  presa  the  water 
upward  ;  now  these  two  resisting  forces  combined,  together  with  the  nn- 
avoidable  friction  of  the  machinery,  would  almost  neutralise  the  whole  fbrot 
that  mij^ht  he  derived  from  the  current,  if  the  water  line  was  above  the 
dotted  line  e  d.    Now  in  iVve  olViei  case  of  a  wheel  of  small  diameter,  such  aa 
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we  will  (uppoie  th*  dotted  circle  to  lepreieiit,  and  the  floati  fixed  ladialljr 
■nnind  it,  in  the  Mine  nuuiDer  uiil  at  the  laine  duttncei  aurt  a*  in  the  large 
wheel,  it  will  be  endent  that  a  leei  nuraberoffloatiwiU  be  lubmerged  or  expoied 
to  the  Mtion  of  the  cuneot ;  coniequently,  they  will  auume  the  isme  uafavouT- 
•ble  pewtioa  as  hai  been  dewribed,  by  the  deep  immenion  ot  the  Urge  wheel; 
and  that,  were  the  imall  wheel  immened  up  to  the  line  a  b,  which  ii  even  with  iti 
it  would  not  move  at  all,  ai  the  force  or  weight  of  water  on  each  tide 
Persons  but  Uttle  skflled  i 


would  be  exact];  balanced, 
mechania,  have  attemptei' 
tansentiall]'  to  the  circle,  ■ 
,ot  lift  it  ■    "         ■ 


I  the  principle!  of 
the  float-hoards 
ir  edgeways,  and 

,  a  the  one  we  have  figured ;  omitting  to  notice,  or  give 

due  weight  to  the  fact,  that  the  fioats  which  are  entering  the  water  on  tlie  oppo- 
aita  aide  of  nich  a  wheel  are,  in  consequence,  poeiled  so  as  to  strike  against  the 
water  with  their  broad  sides,  which  thereby  counterbalance  the  advantae a  gained 
m  llie  other ;  and  we  submit  to  the  coniidatatioD  of  those  mechanics  who  prefer 
lite  tangential  to  the  radial  position  of  the  floats,  that  it  is  less  destructive  to  the 
wbad  mi  all  the  mechaniim  to  which  it  may  be  connected,  to  receive  two  equal 
conooMions  of  smalt  force  on  oppoaite  resisting  sides  of  the  wheel,  than  one  ooq- 
enMion  <d  double  the  force  upon  only  one  aide  of  the  wheel ;  the  direct  tendency, 
it  appean  to  us,  is  to  break  the  arms  of  the  wheel,  close  to  ilk  axis.  Whenever 
tb«  weight  and  motion  of  water  can  be  made  use  of  as  well  as  iti  momentum, 
much  greater  affects  can  be  produced  than  the  last  described  machine  is  capable 
«r,  and  with  a  much  lets  lavish  expenditure  of  the  fluid,  for  then  its  utmost 
powers  of  action  are  brought  into  play  at  ones  i  and  accordingly,  those  water- 
wheels  that  are  distinguished  by  the  name  of  breatt-wheals,  and  oversbot  wheels, 
will  produce  much  greater  power,  with  a  much  test  supply  of  water,  than  the 
andershot  wheel  already  described.  Both  these  wheels,  however,  require  a  con- 
aiderable  fall  in  the  stream  upon  which  they  are  placed,  and  consequently  de- 
stroy it  for  the  purpotei  of  navigation,  unless  that  ingenious  hydraulic  contri- 
vaace,  the  CaHiL  Lock,  be  retorted  to,  by  meant  of  which  barret  or  vessels  of 
any  magnitude  may  be  transported  from  one  level  to  another  without  difficulty, 
and  with  very  little  Iom  of  time.    Thf 


The  OMr-«Aot  watefwheel,  which  of  all  others 


given  the  greatest  power  with  the  least  ezpenae  of  water,  requires  a  fall  in  the 
stream  equal  to  rather  more  than  iti  own  diameter ;  therefore  it  is  cutlomary  to 
give  this  description  of  wheel  a  greater  length  in  proportion  to  ill  height  than  is 
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given  to  any  other, — ^by  which  an  eauality  of  power  ii  obtained.  In  the  con- 
struction of  the  over-shot  wheel  a  hollow  cylinder  or  drum  that  is  impenrioos  to 
water,  is  first  prepared,  and  hvais  upon  a  proper  central  axis.  A  number  of 
narrow  trouehs  or  cells,  generally  formed  of  thin  plates  of  metal,  extending  from 
one  end  of  &e  drum  to  the  other,  are  next  fixed  round  the  outside  of  the  wheel, 
so  as  to  give  a  transverse  section  through  the  middle  of  the  wheel  the  appearance 
shown  in  the  preceding  figure.  The  water  is  conducted  by  a  level  trough  of 
the  same  width  as  the  wheel,  over  its  top,  and  is  thence  discharged  into  the 
buckets  or  cells  placed  round  the  wheel  to  receive  it ;  from  the  particular 
form  of  these  buckets,  they  retain  the^  water  thus  thrown  into  them,  until 
by  their  motion  they  descend  towards  the  point  when,  their  mouths  bebg 
turned  downwards,  they  discharge  their  omtents  into  the  tail-stream,  where 
the  water  runs  to  waste.  The  buckets  on  the  opposite  side  of  the  wheel, 
ascend  with  their  mouths  empty,  untQ  they  arrive  under  the  end  of  the  water- 
trough,  to  be  refilled,  where  there  is  a  pen-stock  or  sluice,  for  regulating 
the  quantity  of  water  and  preventing  waste ;  since,  if  the  water  was  permitted 
to  flow  too  rapidly,  it  would  splash  out  of  the  buckets  instead  of  filling 
them,  and  would  run  -  down  over  the  surface  of  the  wheel,  without  produdng 
its  proper  effect.  To  prevent  this,  the  water  is  seldom  permitted  to  run  upon 
the  wheel  in  a  straAm  of  more  than  from  half  an  inch  to  an  inch  in  thickness, 
and  when  well  regulated  there  is  scarcely  a  drop  of  water  ineffectually  used. 
The  overshot  wheel  acts,  therefore,  by  the  gravity  or  weight  of  the  water  contained 
in  the  buckets,  for  nearly  one-third  of  its  curcumference ;  and  from  the  experi- 
ments of  Mr.  Smeaton,  which  were  made  with  great  accuracy,  it  appears  that 
the  dimensions,  quantity  of  water,  and  height  of  fall  being  the  same,  the  over- 
shot wheel  will  produce  double  the  effect  of  the  under-shot 

The  breaHt-wheel  is  by  far  the  most  common,  and  may  be  considered  as  a 
mean  between  the  two  varieties  before  mentioned.  In  this,  the  water,  instead 
of  passing  over  the  top  of  the  wheel,  or  entirely  beneath  it,  is  delivered  about 
half-way  up  it,  or  rather  below  the  level  of  the  axis ;  and  the  race  or  brickwork 
upon  which  the  water  descends  is  built  in  a  circular  form,  having  the  same 
common  centre  with  the  wheel  itself,  so  as  to  make  it  parallel  to  the  exterior 


edges  of  the  float-boards,  or  extreme  circumference  of  the  wheel.  This  con- 
struction is  shown  in  the  above  figure,  which  represents  a  side-view  of  a  wheel, 
formed  with  float-boards  in  the  same  manner  as  the  undershot  wheel ;  but  in- 
stead of  the  water  acting  upon  its  lower  part,  it  is  introduced  upon  it  midway, 
by  the  sluice  or  pen-stocK,  which,  bv  rising  or  falling,  nermits  a  greater  or  leas 
quantity  of  water  to  act  on  the  wheel ;    and  as  the  float-boards  arc  made- to 
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fit  ta  accurately  as  possible,  without  contact,  into  the  circular  hollow  of  the  brick- 
work, no  water  can  escape  past  the  wheel,  without  producing  its  proportionate  effeoC. 
Mr.  Smeaton  states,  that  all  wheels  by  which  the  water  is  prevented  from 
descending,  unless  the  wheel  moves  therewith,  are  to  be  considered  of  the  nature 
of  over-shot  wheels,  having  power  in  proportion  to  the  perpendicular  height 
from  which  the  water  descends ;  while  all  those  that  receive  the  impulse  or 
^odL  of  the  water,  whether  in  an  horizontal,  perpendicular,  or  oblique  du-ection, 
are  to  be  considered  as  under-shots.  The  breast-wheel  is  nearly  allied  to  the 
over-shot ;  for  notwithstanding  it  has  only  float-boards,  instead  of  buckets,  yet 
as  Uie  mill-course  is  made  concentric  to  the  outside  of  the  wheel,  and  is  not 
only  there,  but  at  the  two  sides,  made  as  close  as  convenient,  so  as  to  prevent 
the  escape  of  water  as  effectually  as  possible,  the  spaces  between  one  float- board 
and  anotlier,  become  buckets  for  the  time  being,  and  retain  the  water,  and  thus 
the  breast-wheel  is  not  only  impelled  by  the  weight  of  water,  but  by  its  impetus 
or  momentum  also;  for  the  water  is  so  confined,  as  to  be  incapable  of  splashing 
or  beinff  lost,  and  consequently,  its  moving  force  may  be  exerted  to  great  advan- 
tage, ffotwithstanding  this  apparent  superiority,  still  the  breast-wheel  is,  in 
effect,  vastly  inferior  to  the  over-shot  wheel,  not  only  on  account  of  the  smaller 
height  at  which  the  water  .is  supplied,  but  from  the  waste  with  which  it  must 
always  be  attended,  even  under  circumstances  of  the  most  perfect  workmanship. . 
When  well-constructed,  and  closelv  built  in,  its  effect,  accoroing  to  Mr.  Smeaton, 
should  be  the  same  as  an  under-shot  wheel,  whose  head  of  water  is  equal  to  the 
difference  of  level  between  the  surface  of  the  stream  and  the  point  where  it 
strikes  the  wheel,  added  to  the  effect  of  an  over-shot  wheel,  whose  height  is 
equal  to  the  distance  from  the  striking  point,  to  the  tail-water  of  the  mill,  or 
that  which  runs  to  waste.  This  is,  however,  on  the  presumption  that  ^e  wheel 
receives  the  impulse  of  the  water  at  right  angles  to  its  radii,  and  that  every 
thing  is  constructed  to  the  best  advantage.  In  practice,  it  is  found  that  the 
breast-wheel  consumes  about  double  the  quantity  of  water  that  the  over-shot 
wheel  requires,  to  do  the  same  quantiW  of  work,  when  all  things  are  idike, — that 
is  to  say,  the  diameter  and  breadth  of  the  wheel,  number  of  float-boards,  &c., — 
though  from  theory  and  calculation,  it  should  rather  do  more ;  for  Lambert,  and 
others  who  have  written  on  this  subject,  attempt  to  demonstrate,  that  the  power 
of  the  over-shot,  to  that  of  the  breast- wheel,  is  as  thirteen  to  five;  but  tiiis  is 
upon  a  supposition,  that  no  water  escapes  ineffectually,  which  is  utterly  impos- 
sible in  practice.  In  order  to  permit  any  of  the  above  wheels  to  work  with 
freedom,  and  to  the  greatest  advantage,  it  is  absolutely  necessary  that  the  tail- 
water,  as  it  is  called,  or  that  which  is  discharged  from  the  bottom  of  the  wheel, 
after  it  has  produced  its  effect,  should  have  an  uninterrupted  passage  to  run 
awav ;  for  whenever  this  is  not  the  case,  it  accumulates,  and  forms  a  resistance 
to  the  float-boards, — and  consequcnily,  abstracts  considerably  from  the  velocity 
and  power  of  the  wheel,  sometimes  indeed  to  so  great  an  extent,  as  to  prevent 
its  working  altogether.  One  of  the  simplest  and  most  effectual  means  of  remov- 
ing this  inconvenience,  (says  the  author  of  the  Treatite  on  HydrauUctt  in  the 
"  Library  of  Useful  Knowledgey"  for  whose  observations  we  are  largely  indebted 
in  the  present  article,)  is  by  an  expedient,  not  much  known  or  practised,  and 
which  consists  of  forming  two  drains  or  tunnels  throueh  the  brickwork  or 
masonry,  at  each  side  of  tne  water-wheel,  whatever  may  be  its  construction,  so 
as  to  permit  a  portion  of  the  upper  water  to  flow  down  into  the  tail  or  lower 
stream  immediately  in  front  of  the  wheel.  The  water  thus  brought  down  with 
great  impetuosity,  drives  the  tail-water  before  it,  in  such  a  manner  as  to  form 
a  basin  or  hollow  place,  in  which  the  wheel  can  work  free  from  interruption, 
even  if  the  natural  state  of  the  water  were  such  as  might  produce  a  taihng  of 
from  twelve  to  eighteen  inches,  without  tliis  assistance.  And  since  the  tailing 
of  mill-streams  omy  occurs  in  the  winter  seasons,  or  at  times  when  there  is  a 
profusion  of  water,  so  the  quantity  that  is  thus  thrown  away  without  operating 
upon  tlie  wheel,  can  be  spared  without  inconvenience.  Each  of  the  arains  or 
tunnels  is  furnished  with  a  sluice-gate  or  pen-stock  at  its  upper  end,  by  which 
the  quantity  and  impetus  of  the  water  can  be  regulated  at  pleasure,  or  the  whole 
be  shut  off,  whenever  water  happens  to  be  scarce. 
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The  three  Tarieties  of  wacer-wbeels  already  noticed,  are  tbe  only  ones  gene- 
I'ally  admitted  into  practice,  and  they  do  not  admit  of  much  improvement,  niiee 
their  principles  roust  always  remain  the  same.     The  over-shot  whed  has, 
perhaps,  been  brought  nearer  to  perfection  than  any  of  the  others,  by  the  con- 
trivance of  Peter  Nouaille,  Esq.  who,  in  a  mill  that  he  has  near  Seven  Oaks,  in 
Kent,  has  caused  the  water  to  revert  back  again  from  the  top  of  the  whed, 
instead  of  passing  over  it ;  and  in  this  way  a  much  greater  portion  of  the  cir- 
cumference of  the  wheel  is  brought  into  action  than  is  generally  the  case. 
Other  improvements  or  variations  in  the  form  and  construction  of  water-wheels, 
have  been  contrived  by  Mr.  Besant,  Mr.  Smart  Mr.  Perkins,  and  others,  which 
will  be  found  described  in  the  Traruaetiofu  of  tiie  Society  fw  tkt.  Emeouri^maH 
ofArtt,  Manufacturet,  and  Commerce;  the  object  of  them  principally  being  to 
obtain  as  much  force  as  possible  from  the  water,  by  arranging  the  forms  of  &e 
buckets  or  float-boards,  in  such  manner  that  they  may  receive  the  greatest  impulse 
or  retain  the  greatest  quantity  of  water,  which  is  of  great  importance,  partico- 
larly  in  the  construction  of  under-shot  wheels,  which  act  by  the  impulse  of  the 
water  alone.    The  over-shot  wheel  depends  entirely  on  the  weight  of  the  water 
delivered  into  its  buckets,  which  ought,  therefore,  to  be  as  capodoas  as  they 
can  conveniently  be  made, — not  only  that  they  mav  contain  as  much  water  as 
possible,  but  allow  ample  room  for  the  discharge  of  the  air  that  will  be  thrown 
into  them  with  the  water,  as  well  as  for  the  delivery  of  that  water,  when  done 
with.     From  the  nature  of  a  water-wheel,  it  will  be  evident,  that  if  it  had  no 
work  to  perform,  or  resistance  to  overcome,  it  would  move  with  the  same 
velocity  as  the  stream  that  drives  it ;  while,  on  the  contrary,  if  it  was  loaded 
with  a  quantity  of  resistance,  equal  to  the  power  of  the  stream,  it  could  not  move 
at  all :  hence,  every  degree  of  resistance  between  these  extremes,  will  prodnee 
its  proportionate  retardation  of  the  wheel ;  and  from  accurate  experiments  which 
have  been  tried,  it  has  been  determined,  that  an  under-shot  wheel  does  its  maxi- 
mum quantity  of  work,  when  its  drcumference  moves  with  between  one-half 
and  one-third  of  the  velocity  of  the  stream  that  drives  it     The  over-shot  whed 
cannot  be  so  influenced  by  the  velocity  of  the  water,  because  it  requires  dl  its 
buckets  or  cells  to  be  filled  in  succession ;  and  Mr.  Smeaton  has  determined, 
that  the  best  velodty  to  effect  the  above  purpose,  is  three  feet  in  a  second. 
Having,  therefore,  previously  determined   the  quantity  of  water  which  the 
stream  will  deliver  in  a  given  time,  it  becomes  a  matter  of  easy  cdculation  to 
determine  the  length  and  capacity  of  the  buckets  which  shall  be  capable  of 
carrying  off  the  water  at  that  velocity.    Thus,  for  examnle,  if  the  stream  is  found 
to  deliver  ninety-six  eallons  per  second,  and  it  is  aetermined  to  make  the 
buckets  on  the  wheel  six  inches  apai*t  from  one  partition  to  another,  and  fifteen 
inches  deep,  then  six  such  buckets  will  be  contained  in  ever^  three  feet  of  the 
wheel;  therefore,  ninety-six  gdlons  must  be  divided  by  six  buckets,  which 
gives  sixteen  gallons  for  the  contents  of  each.     It  will,  therefore,  onlv  remdn 
to  be  detennined,  how  long  a  vessel  of  six  inches  wide,  and  fifteen  inches  deep, 
must  be,  to  contain  sixteen  gallons,  and  this  will,  of  course,  give  the  necessary 
width  of  the  wheel,  while  the  number  of  buckets  must  depend  upon  the  circum- 
ference, which  is  always  limited  by  the  diameter,  being  the  extreme  height,  (if 
necessary,)  that  can  be  obtained  in  the  fall  of  water ;  for  the  larger  the  whed, 
the  greater  will  be  the  power  derived  from  it,  provided  a  due  velocity  can  be 
maintained  at  the  same  time ;  because  the  power  of  water  on  wheels,  is  as  the 
square  root  of  the  height  it  falb  through,  it  being  regulated  by  the  same  laws 
as  apply  to  solid  bodies  in  fdling.    The  power  of  every  wheel,  of  course,  depends 
upon  the  quantity  of  water  thrown  upon  it  and  the  height  from  which  it  has  to 
fall ;  but  as  every  bucket  must  be  filled,  or  every  float-board  struck  by  the  water 
in  succession,  so,  of  course,  if  the  wheel  is  too  large,  it  will  move  too  slowly  for 
the  purpose  for  which  it  is  intended ;  and,  in  this  case,  the  speed  must  be  raised 
by  cog-wheels  within  the  mill,  which,  on  the  common  principle  of  mechanics^ 
must  dissipate  the  power  intended  to  be  gdned  by  the  magnitude  of  the  water- 
wheel.     Hence,  great  attention  should  be  paid  in  the  construction  of  miOsy  to 
let  the  size  of  the  water-wheel  be  well-proportioned,  not  only  to  the  vdodty  of 
the  stream,  but  to  the  speed  of  the  work  it  is  required  to  perform ;  and  this  ro^ 
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alwajTB  be  accomplished  without  waste  or  diflference  of  power,  by  using  a  wider 
wheel  of  small  diameter,  where  great  speed  is  necessary,  or  a  narrow  wheel  of 
great  diameter,  when  this  is  not  essential.  In  every  case,  the  full  power  of  a 
stream  should  be  taken  advantage  of,  in  the  first  erection  of  a  mill,  because  it 
is  a  troublesome  and  expensive  operation  to  increase  the  power  of  a  mill,  when 
once  built ;  and  power  is  alwajrs  valuable. 

Mr.  Banks,  in  his  excellent  TreaHae  upon  AfiUs,  gives  many  useful  practical 
rulet ;  from  amonest  which  the  following  is  selected.  Beine  simple,  it  may 
prore  useful  for  determining  the  quantity  of  water  that  will  flow  through  a 
sluice  or  pen-stock  upon  a  wheel,  with  sufficient  accuracy  for  most  purposes, 
because  the  whole  motion  of  a  stream  must  not  be  taken  when  it  is  principally 
dammed  or  stopped,  and  only  permitted  to  flow  through  a  small  orifice,  to  pro- 
duce mechanical  effect. 

Rtiie* — Measure  the  depth  from  the  surface  of  the  water  to  the  centre  of  the 
orifice  of  discharge,  in  feet,  and  extract  the  square  root  of  that  depth ;  multiply 
it  by  5.4,  which  will  give  the  velocity  in  feet  per  second,  and  this,  multiplied  by 
the  area  of  the  orifice  (also  in  feet,)  will^  eive  the  number  of  cubic  feet  which 
will  flow  through  in  a  second.  From*  Knowing  the  quantitv  of  water  dis- 
charged, and  the  height  of  fall,  not  only  the  size  of  the  wheel,  but  its  extent  of 
power  may  be  calculated ;  for,  in  the  undershot  wheel,  the  power  is  to  the 
efl^t  nearly  as  3  to  1 ;  while  in  the  over-shot  wheel  it  is  double,  or  as  3  to  2. 

WATER-WORKS,  denote  all  manner  of  works  employed  in  raisins;  or  sus- 
taining water ;  in  which  sense  water-mills  of  all  kinds,  pumps,  wheels,  hydraulic 
enjrines,  sluices,  aqueducts,  &c.,  described  in  various  parts  of  the  work,  may  be 
cafied  water-works.  The  various  water-works  in  ana  about  London  consist  of 
tMampf  worked  by  steam-engines.  The  principal  are  those  of  the  New  River 
Company,  whose  works  at  Clerkenwell  and  Upper  Thamea-street,  are  said  to 
lumuh  daOy  to  67,000  houses,  13,000,000  of  gallons;  the  East  London  water- 
works, situated  at  Old  Ford,  also  daily  supply  to  42,000  houses,  6,000,000  of 
gallons ;  the  West  Middlesex  works  at  Hammersmith,  to  15,000  houses,  2,250,000 
gallons;  the  Chelsea  works  to  12,400  houses,  1,760,000  gallons;  The  Grand 
Junction,  also  at  Chelsea,  to  7,700  houses,  2,800,000  gallons.  From  which 
atatement  it  appears  that  the  portion  of  the  town  on  the  north  side  of  the  Thames, 
ia  fupplled  daily  with  about  26,000,000  gallons  of  water,  and  that  the  total 
number  of  biiildmgs  of  all  kinds  receiving  this  supply  amounts  to  about  144,000 
The  water  is,  from  the  great  demand  of  certain  factories,  and  various  other  cir- 
cnmstances,  very  unequally  distributed ;  but  the  average  consumption  for  each 
house  is  about  180  gallons.  Of  this  water,  more  than  one  half  of  wnich  is  derived 
from  the  Thames,  a  large  portion  is  delivered  at  very  considerable  elevations 
above  the  level  of  the  river,  even  to  the  tops  of  the  hienest  houses  in  the  highest 
parts  of  London,  by  means  of  force  pumps,  called  the  high  nrtice,  for  which 
distinct  service  fifteen  steam-engines  are  employed,  exerting  a  power  of  1105 
hoises. 

On  the  touth  side  of  London,  there  are  three  water-companies,  namely,  the 
Lambeth,  the  Vauxhall  or  South  London,  and  the  Southwark.  The  Lambeth 
water-works  are  situated  upon  the  banks  of  the  Thames,  and  the  water  is  forced 
immediately  from  the  river  into  the  mains,  and  thence  distributed  to  16,000 
tenants,  who  consume  1,244,000  gallons  daily.  The  Vauxhall,  or  South  London 
works,  situated  in  Kennington  Lane,  have  about  10,000  tenants,  who  daily  con- 
aume  about  1,000,000  gallons.  Tlie  Southwark  works,  upon  the  banks  of  the 
liver,  between  Southwark  and  London  bridges,  supply  about  7,000  tenants  with 
720,000  gallons  of  water.  Each  of  these  establishments  has  two  engines,  the 
aggregate  power  of  which  is  about  235  horses.  The  whole  of  the  water  amounts 
to  nearly  3,000  000  gallons,  supplied  to  33,000  tenants.  The  total  quantity  of 
water  required  for  the  whole  metropolis,  north  and  south  of  the  Thames,  is 
therefore  about  29,000,000,  supplied  to  177,000  houses  or  tenants,  making  an 
average  quantity  of  170  gallons  to  each  daily  I 

We  have  thus  given  a  summary  of  a  more  voluminous  statement  that  has  ap- 
peared in  most  of  the  scientific  journals,  professedly  derived  from  the  printed 
report  of  a  parliamentary  commission,  appointed  a  few  years  ago  to  inquire  into 
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the  lubjeet  Bui  we  think  that  every  reiideDt  q{  London,  nfter  a  moment's 
consideration  of  the  itatement  made  out  by  the  water  companies,  of  their  supply, 
will  deem  it  to  be  a  most  overcharged  statement  of  facts.  Our  own  observation 
upon  a  great  number  of  houses,  leads  us  to  the  conclusion,  that  instead  of  170 
^illons  to  each  house  daUjft  there  is  not  that  quantity  delivered  weekUf  in  a  majority 
of  cases,  or  upon  an  average  of  the  whole.  If  the  water  were  turned  on  cUuIy  to  aU 
the  tenants,  and  the  dischurge-cocks  to  all  the  pipes  were  prevented  from  shutting 
during  the  period  of  **  laying  on,"  the  pipes  would  be  capable  of  delivering  the 

Suantity  mentioned.  But  Uke  facts  are,  that  a  great  number  of  the  cocks  are 
but,  the  dstems  being  full ;  that  the  majority  of  them  are  only  open  for  a  few 
minutes,  to  receive  an  addition  of  a  few  eallons ;  and  that,  so  far  from  bein^  a 
daily  supply  to  all,  the  third,  fourth,  and  mlh-rate  houses  (which  constitute  uie 
minority,)  receive  their  supplies  but  twice  a  week  at  the  utmost,  and  many  of 
them  but  once.  The  official  statements  appear  to  us  to  be  so  grossly  incorrect  that 
we  have  not  thought  it  needful  to  enter  into  a  minute  investigation.  Nevertheless, 
we  consider  the  supply  generally  to  be  abundant  for  aU  the  purposes  of  health 
and  comfort  We  nave  already  observed,  that  pumps  are  the  machines  now 
ttsoaUy  employed  in  water- works,  for  raising  the  water ;  and  these  pumps  are 
generaUy  worked  either  by  steam  or  a  faU  of  water.  Having  in  other  parts  of 
this  worK  treated  of  the  constituents  of  water-works,  we  shall  conclude  this 
arCiele  by  a  brief  notice  of  the  water-works  lately  erected  to  supply  the  city  of 
Philadelphia  with  pure  fresh  water,  and  which  have  been  described  in  ^e  recent 
scientific  journals.  *^  These  works,"  Dt,  Jones  states,  '*  have  been  admired  by 
all  who  have  seen  them,  as  monuments  both  of  the  taste  and  skill  of  the  per^ 
sons  concerned  in  the  plan  and  erection  of  the  buildings,  and  iu  the  construc- 
tion and  executing  of  the  machinery."  The  establishment  is  at  Fair-mount, 
^ve  miles  above  the  city,  at  the  Falls  of  the  Schuylkill  The  entire  expense, 
including  the  purchase  of  the  site,  is  426,330  dollars.  The  water  power  created 
is  calculated  to  be  equal  to  raise  into  the  reservoir,  by  eight  wheels  and  pumps, 
upwards  of  ten  millions  of  gallons  daily,  and  it  is  estimated  that  40  gallons  upon 
the  wheel  will  raise  one  into  the  reservoir.  There  are  two  reservoirs,  one  having 
the  capacity  of  three  millions  of  gallons,  and  the  other  of  four  miUions.  The 
water  is  raised  56  feet  above  the  highest  ground  in  the  city,  and  is  conveyed  and 
distributed  in  cast  iron  pipes  of  American  manufacture.  A  plan  and  section  of' 
the  pumps  and  water-wneels  are  given  in  the  foregoing  page.  The  pumps  are 
what  are  called  double  forcing-pumps,  (see  the  article  Pumps,)  producing  an 
equal  effect  in  raising  water,  in  whichever  way  the  piston  moves.  The  working 
barrel  is  16  inches  in  diameter  in  the  clear,  and  the  half  stroke  of  the  pump  is 
five  feet,  giving  a  ten-feet  stroke  for  each  revolution  of  the  water-wheel,  of  which 
there  are  thirteen  in  a  minute.  The  water  is  forced  to  a  perpendicular  height 
of  96  feet,  through  mains  of  nearly  300  feet  in  length.  The  quantity  raised  by 
one  pump,  in  24  hours,  is  upwards  of  I|  millions  of  gallons,  ale  measure. 

Dr.  Buchanan,  in  his  Journey  from  Madras  through  the  countries  of  Mysore^ 
&c.  gives  a  description  of  the  Saymbrumbacum  tank  near  Madras,  which  ap- 
pears to  us  well  deserving  of  the  attention  of  persons  interested  in  the  construc- 
tion of  water-works,  as  there  are  probably  situations  in  this  country  where  similar 
adyantages  might  be  taken  of  the  natural  configuration  of  the  hilly  districts.  The 
Saymbrumbacum  tank  has  not  been  formed  by  digging,  like  those  in  Bengal, 
but  by  shutting  up,  with  an  artificial  bank,  an  opening  between  two  natural 
ridges  of  ground.  The  sheet  is  said  to  be  seven  or  eight  miles  in  length,  and 
three  in  width,  and  in  the  dry  season  is  let  out  in  small  streams,  as  wanted,  for 
irrigation.  In  the  rainy  season  it  receives  a  supply  of  water  from  the  river  Chlr- 
nam,  and  from  several  small  streams  that  are  collected  by  a  canal.  It  is  provided,  in 
dtfilerent  places,  with  sluices  or  weirs,  of  stone,  which  are  from  20  to  30  feet  wide, 
and  some  feetlower  than  the  other  parts.  On  the  surface  they  are  strongly  fortified 
by  large  stones,  placed  in  a  sloping  direction,  so  that  the  water  rushes  over  with- 
out undermining  the  bank,  and  is  conveyed  away  from  the  fields  by  a  canal. 
This  is  a  matter  of  the  utmost  importance,  as  there  are  instances  where,  the 
banks  of  these  large  tanks  having  given  way,  whole  villages  have  been  destroyed 
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by  the  torrent  In  order,  however,  that  when  there  is  plenty  of  rain  the  tank 
niay  be  completely  filled,  a  row  of  stone  pillars  is  placed  on  the  top  of  the 
sluices  (weirs)  ;  and  on  the  water  rising  to  a  level  with  their  base,  a  temporary 
wall  is  formed  of  mud,  sticks,  and  straw,  placed  between  the  pillars  so  as  to  con- 
fine the  water  till  it  rises  as  high  as  the  top  of  the  bank.  People  watch  tiiis 
night  and  day,  in  order  to  break  down  the  temporary  bank  should  any  additional 
rain  endanger  the  whole.  The  water  is  let  out  to  supply  the  fields,  by  a  sluice 
lined  with  cut  stone  or  bricks,  formed  through  the  bank,  on  a  level  with  the 
country.  The  inner  end  of  this  sluice  is  covered  by  a  flat  stone,  in  which  is  cut 
a  conical  opening,  that  can  be  shut  or  opened  by  a  conical  plug  or  valve,  fixed 
to  a  bamboo  staSS*,  and  which  is  secured  in  its  place  by  passing  through  holes 
made  in  cross  guidine-bars,  let  into  two  pillars  of  stone,  which  rise  above  the 
level  of  the  water  in  the  tank.  This  tank  is  said  to  be  sufiicient  to  supply  with 
water  the  lands  of  thirty-two  villages,  for  eighteen  months,  should  the  rains  &il ; 
such  a  reservoir  is  therefore  of  inestimable  value. 

WAX.  An  oily  concVete  matter,  usually  considered  to  be  gathered  by  bees 
from  plants ;  though  Huber,  who  was  a  close  observer  of  nature,  and  the  habits 
of  bees  in  particular,  asserts  that  wax  is  an  artificial  production,  made  by  the 
bees  from  the  honey  they  collect ;  that  they  cannot  procure  it,  unless  they  have 
honey  or  sugar  for  the  purpose ;  and  that  raw  sugar  afibrds  more  than  honey. 
Wax  was  long  considered  to  be  a  resin,  from  some  properties  which  it  possesses 
in  common  with  resins.  Macquer  found  that  wax  resembles  resin  only  in  being 
an  oil,  rendered  concrete  by  an  acid ;  but  that  it  differs  essentially  from  these 
in  the  kind  of  the  oil,  which,  in  resins,  is  of  the  nature  of  essential  oils,  while  in 
wax,  and  other  analogous  oily  concretions,  (as  butter  of  cocoa,  butter  of  nulk, 
fat  of  animals,  spermaceti,  myrtle  wax,)  it.  is  of  the  jiature  of  mild  unctuous  oils, 
that  are  not  aromatic,  and  not  volatile,  and  are  obtained  from  vegetables,  by 
expression.  Dr.  Ure  considers  it  probable,  that  the  ncidifying  principle,  or 
oxygen,  and  not  an  actual  acid,  may  be  the  leading  cause  of  the  solidity,  or  low 
fusibility  of  wax ;  but  it  has  been  observed,  that  by  digesting  the  nitric  or 
muriatic  acid  upon  fixed  oils,  the  oils  pass  into  a  state  resembling  wax.  The 
natural  colour  of  wax  is  yellow,  and  it  is  whitened  by  exposure,  in  thin  lamina?, 
to  the  air  and  sun.  Alkalies  dissolve  wax,  and  render  it  miscible  in  water.  In 
China  and  North  America,  wax  is  procured  directly  from  plants,  and  is  then 
called  vegetable-wax.  In  order  to  obtain  bees'  wax  in  a  pure  state,  what  remains 
of  the  combs,  after  separating  the  honey,  is  put  into  a  copper,  with  a  quantity 
of  water,  which  is  made  to  boil  over  a  slow  fire,  and  stirred  frequently  with  a 
stick.  When  the  wax  has  been  thus  thoroughly  melted,  it  is  strained  through 
canvas  bags,  and  the  residue  in  the  bags  is  forced  out  by  a  press,  whilst  hot,  and 
received  into  a  vessel  of  water.  When  all  the  wax  has  been  thus  cleared  of  the 
grosser  impurities,  it  is  asain  melted  over  water,  and  the  scum  which  arises  in 
the  boiling  is  carefully  skimmed  off;  after  which,  it  is  poured  into  pans  or 
moulds  of  the  size  required,  to  solidify.  Wax  keeps  better  in  large  cakes  than 
small  ones :  any  sediment  that  may  remain  at  the  bottom  of  the  cakes  is  scraped 
off  before  bleaching. 

The  ordinary  process  of  bleaching  wax,  consists  in  first  melting  it  at  a  low 
heat,  in  a  cauldron,  from  whence  it  is  allowed  to  run  out  by  a  pipe  at  the  bottom, 
into  a  capacious  vessel  filled  with  cold  water,  in  which  is  fitted  a  large  wooden 
cylinder,  that  is  made  to  turn  round  continually  on  its  axis,  upon  which  the 
melted  wax  falls.  The  surface  of  the  cylinder  being  constantly  wet,  the  wax 
does  not  adhere  to  it,  but  lays  solid  and  flat,  acquiring  tlie  form  of  ribbands. 
The  continual  rotation  of  the  cylinder  carries  off  these  ribbands  as  fa»t  aa  they 
are  formed,  and  distributes  them  through  the  tub.  The  wax  is  then  put  upon 
large  frames  covered  with  linen  cloth,  which  are  supported  about  eighteen  incnes 
above  the  ground,  in  situations  exposed  to  the  air,  dew,  and  the  sun.  The  thick- 
ness of  the  several  ribbands,  thus  placed  upon  the  frames,  ought  not  to  exceed 
an  inch  and  a  half,  and  they  ought  to  be  removed  from  time  to  time,  in  order 
that  they  may  all  be  equally  exposed  to  the  action  of  the  air.  If  the  weather 
be  favourable,  the  colour  will  be  changed  in  a  few  days.     It  ia  then  to  be 
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re-melted,  formed  into  ribbands,  and  exposed  to  the  air  as  before.  The«e  opera- 
tions are  to  be  repeated,  until  the  wax  is  rendered  perfectly  white ;  after  which 
it  is  to  be  melted  into  cakes,  or  formed  into  candles. 

Of  late  years,  the  sulphuric  acid,  and  other  chemical  agents,  have  been  pro- 
posed for  shortening  the  process  of  bleaching  wax,  but  we  are  inclined  to  believe 
that  they  have  not  been  successfully  carried  into  practice,  as  the  manufacturers, 
we  are  informed,  adhere  to  the  old  process  above  described.  To  what  extent 
chlorine  has  been  applied  to  this  purpose,  or  in  what  manner,  we  are  not  in- 
formed ;  but  the  process  employed  by  Mr.  Davidson,  of  Glasgow,  and  recently 
patented  by  him,  is  stated,  in  the  specification,  to  be  as  follows : — 

**  The  wax  or  tallow  is  heated  to  about  the  temperature  of  boiHng  water,  in 
an  iron  vessel  lined  with  lead,  when  the  oxymuriate  of  lime,  (chloride  of  lime,) 
or  the  oxymuriate  of  magnesia,  (chloride  of  magnesia,)  is  to  be  added,  either  in 
solution  with  water,  or  4n  the  dry  state,  and  then  intimately  mixed  and  well 
stirred  up  with  a  wooden  spatula.  When  these  materials  have  acted  upon  each 
other  a  sufficient  length  of  time  to  discharge  the  colour  from  the  wax  or  tallow, 
the  lime  or  magnesia  is  to  be  removed,  by  adding  dilute  sulphuric  acid,  or  some 
other  acid  possessing  a  greater  affinity  for  those  earths  than  chlorine.  The 
whole  is  then  to  be  boiled,  until  the  earth  employed  is  separated." 

For  the  bleaching  of  wax,  the  solution  of  tne  chloride  is  to  be  in  the  propor- 
tion of  from  14  to  28  pounds  of  the  salt,  to  112'pounds  of  water;  and  an  equal 
quantity  by  weight,  uf  the  solution  and  of  the  wax,  to  be  employed  in  the  pro- 
cess. The  sulphuric  acid  should  be  of  the  specific  gravity  1.8485,  and  be  diluted 
with  from  twenty  to  tliirty  times  its  weight  of  water. 

For  the  bleaching  of  tallow,  a  solution  of  chlorine,  of  less  strength  than  the 
above,  will  suffice,  and  the  sulphuric  acid  should  be  more  plentifully  diluted  :  hut 
the  proportions  necessary,  will  vary  both  in  the  wax  and  the  tallow,  according 
to  the  quantity  of  colouring  matter  that  may  be  combined  with  them.  The 
following  formulee  for  the  composition  of  the  various  kinds  of  sealing-wax,  will 
not  be  out  of  place : — 

The  best  hard  red  wax  for  sealing  letters  : — Mix  two  parts  of  shell-lac,  well 
powdered,  with  resin  and  vermilion,  each  one  part,  ana  melt  this  combined 
powder  over  a  very  gentle  fire :  when  the  ingreoients  are  thoroughly  incorpo- 
rated, work  the  mass  into  sticks.  Seed-lac  may  be  substituted  for  shell-lac; 
and  instead  of  resin,  boiled  Venice  turpentine  may  be  used.  Coarse  hard  red 
sealing-wax  : — Mix  two  parts  of  resin,  one  part  of  shell-lac,  vermilion  and  red- 
lead  together  one  part ;  the  latter  in  the  proportion  of  one  of  vermilion  to  two 
of  the  red-lead.  For  a  cheaper  kind,  the  vermilion  may  be  omitted,  and  for 
very  coarse  uses,  the  shell-lac  also.  Black  sealing-wax  is  made  in  the  same 
manner  as  red,  with  the  exception  of  the  colouring ;  the  colouring  ingredient  for 
black  wax,  being  the  finest  ivory  black.  Hard  green  sealing  wax  is  the  same 
mixture  of  resins  and  gum-resins  as  before-mentioned  ;  the  colouring  ingredient 
is  powdered  verdigris ;  for  a  brighter  colour,  crystals  of  verdigris.  Blue  sealing- 
wax  : — Use  smalts,  light  blue  verditer,  or  a  mixture  of  both.  Yellow  sealing- 
wax  : — Use  massicott ;  for  a  fine  bright  yellow,  turbith  mineral.  Purple 
sealing-wax  : — Use  half  vermilion,  and  half  smalts,  or  red  and  blue  in  various 
proportions,  according  to  the  tint  required. 

Particular  attention  should  be  paid  to  the  ingredients,-while  over  the  fire, 
that  no  more  heat  be  given  than  is  just  sufficient  for  them  to  melt,  and  be 
thoroughly  incorporated.  The  wax  is  formed  into  sticks,  by  rolling  it  on  a 
copper  plate  or  stone,  with  a  rolling-board  lined  with  copper  or  tin,  into  rolls  of 
any  required  size.  The  polish  or  gloss  is  given  afterwaras,  by  placing  the  sticks 
of  wax  over  a  fire  in  a  small  stove,  which  is  provided  with  a  suitable  apparatus 
for  placing  and  turning  them  in  that  situation,  where  the  heat  eiven  to  them 
is  just  sufficient  to  melt  the  surface  of  the  wax,  and  produce  the  ^oss. 

A  patent  was  recendy  taken  out  by  Mr.  Wason,  of  the  Middle  Temp.e,  for 
introoucing  a  small  wick  into  the  middle  of  the  sticks  of  wax,  for  the  conve- 
nience of  sealing  letters.  These  sealing-wax  candles  we  do  not,  however,  per- 
ceive in  the  shops. 

WEAVING,  is  the  art  of  working  a  web  of  cloth  from  silk,  cotton,  or  other 
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fibrous  thready  in  a  loom,  with  a  shuttle.  The  principle  of  the  art  may  be  said 
to  consist  in  crossing  two  sets  of  threads  at  right  angles  to  each  other ;  and  it 
was  probably  first  conducted  in  an  extremely  coarse  and  simple  manner,  like 
the  mterlacmg  or  platting  of  rushes  to  form  mats.  An  uninformed  savage 
having  effected  thus  much,  would  naturally  be  led  to  operate  upon  finer 
materials,  which  nature  might  present  to  his  hands,  and  he  would  be  able  to 
weave  them  with  the  same,  or  nearly  the  same  facility,  as  he  did  the  coarse 
matting ;  the  assistance  which  he  might  receive  from  a  fellow-labourer,  in 
perhaps  opening  the  threads  of  his  warp  with  a  piece  of  stick,  or  in  thrusting 
the  weft  througn  its  interstices ;  would  naturally  suggest  the  use  of  sticks,  for 
opening  the  alternate  threads  of  the  warp,  and  beating  up  the  weft  For  want 
of  assistance,  our  primeval  weaver  might  fasten  the  ends  of  his  warp,  which  we 
wUl  conceive  to  have  been  long  stripes  of  the  inner  bark,  to  the  stumps  or  boughs 
of  trees.  With  his  sticks  he  would  then  be  able  to  operate  with  comparative 
rapidity  and  excellence ;  and  as  it  could  not  fiul  to  escape  his  notice,  nor  that 
of  the  by-standers,  that  the  alternate  threads  of  the  warp,  divided  into  two 
distinct  sets,  were  alternately  raised  and  depressed  by  the  sticks,  and  that,  some- 
times, fi-om  accidental  circumstances,  some  of  the  threads  of  the  warp  were 
raised  or  depressed  by  a  pull  instead  of  a  push ;  hence  we  may  imagine  that 
some  contrivance  resembling  or  performing  the  same  office  as  the  treadles  or 
lams  of  our  present  looms,  were  resorted  to ;  thus  we  have  a  complete,  though 
rude  machine,  excepting  the  shuttle;  the  gradual  steps  to  which  pretty 
contrivance  must  obviously  have  been  made,  by  the  weaver  first  poking,  next 
sliding,  and,  finally,  as  his  manual  dexterity  increased,  throwing  the  wefL 

As  the  early  history  of  weaving  is  involved  in  total  obscurity,  we  have  thus 
endeavoured  to  trace  the  probable  origin  and  earliest  practice  of  the  invention, 
and  at  the  same  time  explain  the  really  simple  process  of  which  plain  weaving 
consists.  In  fact,  the  process  is  even  now  conducted  in  India,  and  many  of  the 
eastern  nations,  by  similar  means ;  the  weaver  performs  his  labour  in  the  open 
air,  choosing  his  station  under  trees,  whose  shade  may  protect  him  firom  the 
scorchins  rays  of  the  sun.  Here  extending  the  threads  which  compose  the 
warp  of  his  intended  cloth  lengthwise,  between  two  bamboo  rollers,  which  are 
fastened  to  the  turf  by  wooden  pins,  he  digs  a  hole  in  the  earth  large  enough  to 
contain  his  legs  when  in  a  sittine  posture ;  then,  suspending  to  the  branch  of  a 
tree  the  cords  which  are  intended  to  cause  the  reciprocal  rismg  and  depressing 
of  the  alternate  threads  of  his  warp,  he  fixes  underneath,  and  connected  with 
the  cords,  two  loops,  into  which,  inserting  the  great  toe  of  either  foot,  he  is 
ready  to  commence  his  operations.  The  shuttle  with  which  he  causes  the  enm 
threads  or  woof  to  interlace  the  warp,  is  in  form  like  the  knitting  needle,  and» 
being  somewhat  longer  than  the  breadth  of  the  warp,  is  made  to  perform  the 
office  of  a  baton,  by  striking  the  threads  of  the  woof  close  up  to  each  other. 
With  this  rude  apparatus  the  patient  Indian  succeeds  in  weaving  fiibrics  which, 
for  delicacy  of  texture,  cannot  be  surpassed,  and  can  hardly  be  rivalled,  by  the 
European  weaver,  even  when  his  labours  are  aided  bv  the  most  elaborate 
machinery. 

The  machinery  by  which  the  process  of  weaving  is  conducted  in  this  country 
varies  but  little,  whatever  may  be  the  material  of  the  fiibric ;  the  diflferenee  in 
looms  for  weaving  silk  or  wool,  chiefly  consisting  in  the  greater  stability  and 
strength  of  the  latter,  on  account  of  the  greater  coarseness  and  elasticity  of  fibr  « 
and  me  thiclmess  of  the  doth  woven. 

Of  late  years  there  have  been  numerous  and  great  improvements  in  wearing 
machinery,  and  these  have,  to  a  great  degree,  superseded  the  mechanism  of  the 
last  century.  Nevertheless,  the  old-fashioned  common  loom,  for  weaving  plain 
silks,  being  still  extensively  used,  especially  in  Spitalfields,  we  shall  commence 
our  account  of  the  mechanism  employed,  by  giving  a  description  of  it. 

A,  in  the  annexed  figure,  is  a  roller  called  the  cloth-beam,  on  which  the  doth 
is  wound  as  it  is  wove;  at  one  end  it  has  a  ratchet  wheel,  and  a  clicks  to 
prevent  its  running  back ;  at  the  same  end  it  has  also  four  holes  in  it,  and  b 
turned  by  putting  a  stick  in  these  holes :  at  the  other  end  of  the  loom  Is 
another  roUer  I,  on  which  the  yarn  is  wound;  thb  has  two  small  coidi  h  h 
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wnmwd  round  It,  the  eods  of  whicli  ore  atUcbcd  (o  a  bu-  d,  wlilcb  hu  ft 
weight  huDK  to  it;  by  thu  meimt  a  noitance  is  caiued,  which  prevecti  tha 
ral1«r  I  (utning  by  accident  F/are  called  lame*;  thej  are  each  compoaed  of 
a  pair  of  aticka,  between  whicb  are  fastened  a  great  Dumber  of  thread*;  to  the 
bw  e  are  fattened  two  cordi  g  I,  which  paii  orer  pulleyi,  and  are  faiiened  to  tha 
bar  A  of  tha  lame  F ;  the  lower  ban  of  each  lame  are  connected  by  cordi  with 
the  treadle*  G  H ;  the  woriman  >i(s  on  the  test  P,  and  placea  hii  feel  upon 
tbeee  trcadlei;  as  tbcy  are  connected  together  by  the  cord*  ^ /,  when  he  preiui 
down  one,  it  will  raiu  the  other,  and  the  lames  with  them ;  a  great  number  of 
threadi,  according  to  the  width  of  the  ctoth,  are  wound  round  the  yam 
beam  I  and  are  itretcbed  to  the  cloth-beam  At  tbs  middle  of  the  thread* 


I  them,  tbrouglt 
.  .  -e  called  the  warp,  are  paMea ; 
the  first  thread  of  the  warp  goes  through  the  loops  of  the  iame  E,  the  nest 
attached  to  tbe  lame  F,  and  to  on  alternately ;  by  this  means,  when  the  weaver 
prcstei  down  one  of  the  treadles  with  hia  foot,  and  rsiaei  the  other,  one  lama 
drmwi  up  every  other  thread,  and  the  other  sinks  alt  the  rett,  to  ai  to  make  an 
opening  between  the  tett  of  thread.  L  L  it  a  frame  moving  on  a  centre  at  the 
top  of  the  ttvae  of  tbe  loom ;  L  L  are  tbe  two  uprights  of  the  &ame ;  I  is  tba 
bar  that  connects  them  ;  H  is  a  frame  carrying  a  great  number  of  pieces  of 
■plit  reed,  or  sometimes  fine  wire,  at  equal  dislancet ;  between  these  the  threads 
of  the  warp  are  patted;  the  fi-ame  being  mpported  by  a  piece  of  wood  called 
tbe  shuttle-race,  which  it  fattened  into  the  front  of  the  pieces  L  L ;  each  end 
of  this  piece  hat  boards  nailed  to  the  sides,  so  as  to  form  trougbti  at  a  small 
dittance  above  these  are  fixed  two  very  smooth  wires ;  their  uie  is  to  guide  iha 
(wo  pieces p  g,  called  peckers  or  drivers;  to  each  of  these  pieces  a  string  is 
fastened;  and  these  strings  are  tied  to  a  niece  of  wood,  which  the  wearer 
balds  in  bit  baud,  and,  by  snatching  the  slick  to  either  side,  draws  the  pecker 
forwards  very  quick,  and  gives  the  sbultle  (which  is  to  he  laid  in  the  trough 
before  the  pecker,)  a  smart  blow,  and  drives  it  along  acrott  the  race  nt  into  the 
other  trough,  where  it  pushet  the  pecker  along  to  tbe  end  of  the  wire,  ready  for 
the  next  stroke,  which  throws  it  nack  again,  and  so  on.  Tlie  ends  of  the 
•bnttle  are  pointed  with  iron ;  it  has  a  large  mortise  through  tbe  middle  of  it, 
in  which  is  placed  a  quill  containing  the  vam  ;  also  a  glass  eye,  having  a  bole 
in  it,  through  which  coines  the  end  of  tne  thread ;  and  two  small  wheels  to 
make  it  run  easily  on  tbe  race.  The  operations  are  at  follow : — Tha  workman, 
.  NttJogupon  tbe  scat  P,  holdi  tbe  stick  in  his  right  hand,  and  lakes  hold  of 
'  le  bars  of  tha  frame  L  L  with  hia  left ;  presses  hia  bot  o 
s  of  the  Iambi  E  F,  i 


tiwKllM  G  H,  wfaieb  by  n: 


»  before  described,  divldn 
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the  warp  ;  he  then  relieves  the  treadle  he  before  kept  down,  and  preswi  down 
the  otiier ;  while  he  is  doing  this,  he  with  his  left  hand  draws  the  frame  L  L 
towards  hini»  and  then  returns  it  The  use  of  this  is  to  beat  the  last  thread 
thrown  by  the  shuttle  close  up  to  the  one  that  was  thrown  before  it,  bv  the  ^ 
reeds.  As  soon  as  he  has  brought  the  frame  L  L  back  to  its  original  positioQ, 
and  again  divided  the  warp  by  the  treadle,  he  throws  the  shuttle  again ;  when 
he  has  in  this  manner  finished  about  twelve  or  fourteen  inches  of  cloth,  he  windi 
it  by  turning  the  roller  A  with  the  stick,  as  before  described.  Some  venr 
expert  weavers  will  throw  the  shuttle,  and  perform  the  other  operations,  at  tlie 
rate  of  120  times  per  minute. 

In  shuttles  of  the  common  kind,  great  difficulties  have  been  experienced  in 
causing  the  thread  or  yam  to  come  on*  the  bobbin  or  shuttle-cap  with  an  onifonn 
tension,  without  which  it  is  impossible  to  produce  a  good  and  even  cloth ;  to  remedj 
this  defect,  Mr.  Gosset,  of  Clerkeuwell  Green,  lately  invented  an  improred 
shuttle,  for  which  he  obtained  a  patent;  and  as  the  construction  of  these  snuttles 
renders  them  equally  applicable  to  weaving  all  kinds  of  materials,  including  the 
metallic  cloth,  or  wire  gauze,  we  annex  the  following  description  of  them,  from 
the  specification  : — 

In  the  annexed  figures,  1  represents  a  longitudinal  section,  and  2  a  transrene 
section  of  the  improved  shuttle ;  in  this  example,  adapted  to  the  weaving  of 
metallic  fabrics,  or  other  stiff  materials,  a  a  is  the  bouy  of  the  shuttle,  made 
of  hard  wood,  and  tipped  with  metal  at  the  extremities,  as  usual ;  6  is  the  bobbio 
or  weft  roller,  made  like  a  pulley,  and  turning  upon  a  polished  pin  passio; 


through  its  axis,  in  the  morticed  cavity  c,  made  in  the  side  of  the  shuttle ;  the 
pin  6is  adapted  to  be  taken  out  easily,  that  the  bobbin  may  be  removed  or 
changed  with  facility,  as  often  as  may  be  desired ;  d  is  the  regulating  spring 
before  mentioned,  the  ends  of  which  are  bent  round  and  fixed,  by  driving  dicm 
into  the  wood.  To  this  large  spring  is  fixed  a  smaller  spring  e,  so  curv«l  ai  to 
bear  and  press  upon  the  upper  surface  of  the  bobbin ;  at/  is  an  adjusting  screir, 
the  head  of  which  is  sunk  into  the  upper  part  of  the  regulating  spring  d^  to  pre- 
vent its  becoming  entangled  with  the  threads  of  the  warp  ;  the  pouit  of  this 
screw  is  inserted,  and  works  in  a  fixed  imt  in  the  inside  of  the  shuttle,  so  that, 
when  it  is  turned,  the  small  curved  soring  b  caused  to  press  witli  more  of  leu 
force  upon  the  surface  of  the  bobbin,  thereby  creating  a  greater  or  less  degree  of 
resistance  for  regulating  the  tension  at  which  the  yarn  shall  be  drawn  off  die 
bobbin,  and  through  the  eye  g,  of  the  shuttle.  The  upper  and  lower  surfKCt 
of  the  shuttle  are  formed  concave,  (as  shown  by  Ftg.  2,)  in  order  that  the  bead 
of  the  adjusting  spring  may  be  sunk  within  it,  so  as  to  prevent  their  coming  m 
contact  with  the  threads  of  the  warp.  The  regulating  spring  is  in  some  cases 
applied  by  the  patentee  within  the  cavity  c,  when  a  hole  is  made  in  the  upper  part 
of  the  shuttle,  tor  the  insertion  of  a  turn-screw,  to  operate  upon  the  head  oi^ 
screw/,  and  regulate  the  tension.  B^  another  modification,  the  patentee  fbrmi 
the  shuttle  like  a  box,  with  the  lid  shding  in  grooves,  or  hinced  on  ;  in  wUdi 
case  the  regulating  spring  is  to  be  fixed  on  the  lid,  or  one  of  the  sides,  so  as  to 
give  the  required  pressure  to  the  bobbin.  In  weaving  articles  of  stiff*  wire,  widi 
this  improved  shuttle,  a  casing  or  tube  of  some  elastic  substance  is  employed  to 
surround  the  bobbin,  shown  by  dotted  lines ;  this  tube  has  an  opening  or  slit  oa 
one  side,  fur  the  wire  to  pass  through ;  and  by  closely  embracing  the  bobbin, 
prevents  the  coil  of  wire  from  unwinding,  becoming  loose,  or  entangled,  and 
allows  it  to  be  drawn  off  evenly  and  regularly,  as  it  may  b«  required.  Wbei 
the  wire  is  very  stiff  and  hard,  the  patentee  recommends  the  emplojmmt  i>f  a 
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pair  of  siuall  steel  rollers,  to  be  fixed  near  the  eye-holes,  by  which  means  the 
wire  will  run  out  with  considerably  less  friction. 

The  annexed  form  of  shuttle  is  adapted  to  the  weaving  of  fabrics  of  silk  or 
any  other  material.  It  is  hollowed  out,  as  described  in  the  former,  for  the  re- 
ception of  the  bobbins,  which  are  three  in  number ;  these  bobbins  being  charged 
with  the  thread  or  yam,  may  be  worked,  one  after  another,  with  the  same 
coloured  thread,  or  with  thread  of  different  colours  successively,  for  weaving 


figured  goods ;  and  when  it  is  necessary  to  change  the  colour,  it  will  only  be 
requisite  to  break  ofi*  the  end  of  the  wefl  done  with,  and  draw  the  end  of  the 
other  colour  through  its  eye  or  opening.  The  springs  and  screws  in  this  shuttle 
are  similar  to  those  described  in  the  first-mentioned  shuttle,  and  therefore  need 
not  be  particularized  again.  Any  number  of  bobbins  may  be  employed  in  these 
shuttles,  according  as  the  nature  of  the  work  may  render  desirable. 

Power-looms,  or  such  ns  are  worked  without  the  intervention  of  manual 
labour,  were  first  suggested  by  Vaucausin,  in  1747,  but  the  subject  was  neglected 
until  the  year  1784,  when  the  idea  occurred  to  the  Rev.  Edmund  Cartwright, 
of  weaving  by  power,  in  consequence,  it  appears,  of  the  success  of  Awkwright  in 
spinning  by  power.  He  commenced  the  construction  of  a  loom,  which,  although 
a  ver>'  clumsy  machine,  satisfied  him  of  the  practical  efficiency  of  the  prijiciple ; 
and  accordingly  he  took  a  patent  for  his  invention',  in  1785,  and  subsequently 
he  obtained  a  series  of  fresh  patents  for  succesive  improvements  upon  the  original 
plan.  At  length,  in  1 790,  the  first  manufactory  with  power-looms  waa  established 
at  Doncaster,  in  Yorkshire,  which  was  worked  by  a  steam-engine ;  and  in  it 
were  made  muslins,  calicoes,  and  other  fabrics,  equal  to  those  made  by  hand- 
looms.  Shortly  afterwards,  a  Mr.  Grimshaw  attempted  the  introduction  of 
Cartwright's  power-looms  into  Manchester;  a  large  factory  was  erected,  and 
partly  furnished  with  the  machinery,  when  the  whole  was  burnt  to  the  ground,  sup- 
posed to  be  the  act  of  incendiaries.  This  circumstance  deterred  other  manufacturers 
from  adopting  power-looms,  for  a  considerable  time;  and  the  prosecution  of  this 
important  invention  was  probably  in  a  great  measure  delayed  by  the  indifiTerence 
manifested  by  Mr.  Cartwright  himself  to  the  matter,  owing  to  his  mind  having  be- 
come absorbed  in  other  inventions,  from  which  he  expectedmore  gratifying  results. 
These  obstacleii,  which  beset  the  invention  of  the  power-loom  at  the  early  stage 
of  its  introduction,  were  by  degrees  surmounted,  and  manufacturers  vied  with 
each  other  in  effecting  and  maturing  improvements  in  its  details,  which  became 
the  subjects  of  very  numerous  patents.  A  faithful  description  of  only  the  merito- 
rious portion  of  the  mechanical  combinations  and  curious  movements  that  the 
power-loom  has  been  the  cause  of  bringing  into  operation,  would  alone  fill  a 
large  volume.  In  making  a  selection,  therefore,  of  one  or  two  of  those  inven- 
tions for  illustration,  the  reader  must  not  consider  them  as  detracting  from  the 
merits  of  others,  as  there  are  many  of  equal  intrinsic  worth. 

The  first  power-loom  we  shall  describe  was  patented  by  Mr.  Kendall^  of 
Patenioster-row,  in  the  year  1825  :  our  attention  was  drawn  to  the  subject  of 
it  by  the  following  notice  of  the  invention  in  the  T^mes  newspaper,  on  the  24th 
of  June,  1836.  ''This  loom,"  the  editor  observes,  "  is  effectual  and  simple:  a 
boy  of  twelve  years  of  age,  with  a  proper  fly-wheel,  would  find  no  diffictuty  in 
turning  six  or  eight  of  them.  The  number  of  looms  one  weaver  is  capable  of 
working,  must  depend  on  two  principal  objects.  The  quality  of  the  goods 
manufactured,  and  the  quality  of  the  materials  made  use  of,  varying  from  two 
to  five  looms,  such  as  persians,  sarcenets,  levan tines,  and  poor  satms,  which, 
with  good  materials,  require  little  attention.  Rich  works,  with  an  able  weaver, 
imd  good  materials,  will  be  able  to  work  two  looms,  with  an  addition  of  some 
light  work  before  mentioned.  The  work  is,  of  course,  better  than  that  performed 
according  to  the  old  plan,  by  hand, — the  machine  acting  more  steadily,  and 
operating  with  less  of  stickings."     Having  called  upon  the  patentee,  in  cc^tvM^ 


<]U»nce  of  the  Ibregotng  renurki,  he  very  politely  aSbrded  u*  aem 

proofi  of  the  correctneM  of  the  foregoing  italement,  by  •llowiag  ui 

winch,  by  which  two  looms  wera  put  into  operation,  and  we  wove  (hereby  a 
portiun  of  two  very  rich  figured  nlka,   with  m  much  ei«e  h  to  require  the 


F^.l. 


kpplication  of  only  one  bond.  Viewing  the  loom  diitinctly  from  th*  pown 
applied,  it  it  in  all  retpectt  of  the  lame  conittueticm,  and  ooeiatea  eutctJjr  the 
lUU  U  the  conunon  ^uaiAaQia ',  utd,  svcTf  deieription  of  fabric*  can,  bi  like 
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manner  be  woven  by  it:  herein  consists  one  of  its  chief  excellencies;  for  a 
weaver,  who  has  never  seen  a  power-loom  in  his  life,  may  at  once  proceed, 
without  any  instruction,  to  arrange  the  several  matters  preparatory  to  the  act  of 
weaving,  in  the  manner  he  has  been  accustomed ;  and  afterwards  see  all  the 
combined  and  successive  movements  in  weaving  executed  with  the  utmost 
precision. 

I%g,  1  in  the  foregoing  engraving  exhibits  a  front  view  of  Kendall's  power- 
loom,  in  which  all  the  principal  parts  may  be  seen ;  a  a  a  is  the  framing,  6  is  a 
revolving  shaft  or  bar»  which  is  put  in  motion  by  the  action  of  a  pinion,  (par- 
ticularly shown  by  Fig.  3,)  taking  into  the  spur-wheel  c;  d  and e  are  two  cams 
which  act  upon  the  levers  t  i,  the  same  being  connected  to  the  spiral  spring  w, 
to  give  motion  to  the  shuttle.  //  are  two  wipers,  which  operate  on  the  batton 
lever  k,  gg  are  two  other  wipers,  acting  upon  the  two  treadle  levers  A.  //  are 
the  tumblers,  which  raise  and  depress  the  harness,  m  m  are  the  swords  of  the 
battons.  n  »  are  two  vertical  rods  in  connexion  with  the  shuttle,  o  o  is  the 
box  or  shuttle-race,  pp  axe  the  drivers  sliding  upon  horizontal  wires,  which 
immediately  propel  the  shuttle*  9  is  an  iron  bar,  carrying  various  levers  m 
ahove-mentioned.  r  is  the  front  bar,  supporting  the  brackets  which  carry  the 
vertical  rods.    «  is  the  breast-rolL    t,  the  long  marches,    v,  the  short  marches. 


jt  is  the  harness  and  hcddles.  g,  the  reed  or  slay,  a,  the  cords  connecting  the 
two  treadles  with  the  long  marches,  s  1,  the  cords  connecting  the  long  with 
the  snort  marches  ;  and  z  2,  tho^  which  connect  the  long  marches  with  die 
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len.    Tba  Mreral  imall  i^ral  tpHnp  repreMoted,  are  for  the  purpow  a 
g  •teadinm,  and  the  neccnaiy  teimou  to  the  part^  witli  wbicli  they  an 


Fig.  2  repreunti  a  lerie*  of  treadle^  (vbieh  maf  ctnuiit  of  an;  Dumber,  a* 
required,)  with  tlie  end  view  of  an  additional  bar,  which  it  ii  nrrriurj  to  intro- 
duce, when  the  weaving  ii  of  luch  a  nature  ai  to  require  the  operatioa  of  mm« 
tfaui  two  treadlei ;  in  Fig.  1  is  ihown  a  Kriei  of  notcbei  or  hearing*  for  theae 
treadlei,  (marked  2  upon  the  bar  g ;)  thii  bar  in  Fig.  2  ii  shown  equipped  witli 
four  wipen  a,  which  act  luccenively  upon  the  four  (readlea  c  beneath. 

The  loteation  of  the  diagram  Ftg.  3  ii  to  ehow  the  method  adopted  by  the 
patentee,  for  throwing  the  revolving  ihaft  in  and  ont  of  eear,  and  likewua  to 
exhibit  the  mode  by  which  the  power  ii  applied,  d  ii  the  bos  of  the  batton.  * 
ii  H  amail  bent  lever,  attached  to  the  box.  /  i>  s  ilidiog-bolt  conni 
latch  J,  by  a  cord.     A  A  U  a  long  right-angled  lever,  fumiihed  at  the 


The  action  of  Ihii  machine  ii  wholly  effected  by  the  revolution  of  the  bar  t. 
Fig.  1,  in  the  lop  of  the  loom,  which,  aa  already  deacrihed,  is  eqairaed  with 
four  wipen,  and  two  came  or  inaili.  The  two  central  wipen  //  »•  they 
revolve,  operate  on  the  lever  h,  and  move  the  batton  *■  ai,  m  required ;  the  two 
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I  d,  right  and  left,  act  alternately  on  a  lever  each,  •  t;  the  revene  enda  of 
lerers  are  connected  to  two  vertical  rodi  n  n,  suspended  from  a  bracket  in 
>f  the  loom  ;  these  levers  i  i  are  likewise  conne<^ed  by  a  spiral  spring  w, 
be  action  of  the  cams  at  the  necessuy  periods  may  cause  the  spring  to 
le  charged,  at  the  time  the  levers  in  traversmg  the  cams  meet  with  a 
1  declension  or  fall,  when  the  distended  spring  suddenly  contracts,  and 
the  shuttle  across  the  work.  The  other  two  wipers  g  g,  act  unon  two 
8s  A  A,  to  make  the  shed  or  opening  for  the  passage  of  the  shuttle ;  one 
tion  of  this  bar  completes  two  shoots,  causing  these  cams  and  wijiers  to 
iformly  with  each  other,  and  to  perform  the  whole  operation  required  in 
t  weaving. 

>rder  to  accomplish  more  complex  weaving,  when  more  than  two  treadles 
quired,  a  second  bar  is  introduced,  equipped  with  as  many  wipers  as 
»  wanted ;  the  wipers  being  placed  at  equal  distances  on  the  drcumfe- 
of  the  bar.  If  four  are  necessary,  as  the  principal  bar,  in  making  one 
tion,  acts  upon  the  treadles  twice ;  therefore,  in  order  to  work  over  the 
eadles  upon  the  second  bar,  the  principal  bar  m  this  case  must  make  two 
tions  to  one  revolution  of  the  secondary  bar.  If  live  treadles  be  required, 
incipal  bar  must  make  two  and  a  half  revolutions  to  one  of  the  secondary 
ind  so  on,  to  any  number  of  treadles  used  in  **  plain  complex  weaving.  * 
Qiform  motion  of  the  two  bars  are  regulated  by  cog-wheels  upon  their 
vhich  are  adapted  according  to  the  nature  of  the  work.  If  a  greater 
T  of  treadles  be  required,  than  the  hand-loom  is  able  to  accomplish, 
sse,  it  only  requires  the  aid  of  the  jacquard,  mounted  upon  the  loom, 
plify  the  **  complex-figured  weaving.' 

next  power-loom  we  shall  describe,  is  the  invention  of  M.  De  Bergue,  a 
1  gentleman,  who,  it  appears,  came  to  this  country  with  it,  under  the  im- 
»n,  that  similar  inventions  had  not  previously 
ed  the  attention  and  skill  of  British  mecha- 
and  there  are,  undoubtedly,  in  several  of  his 
lations,  a  considerable  deeree  of  originality 
igenui^  of  design.  This  loom  we  have  also 
veral  opportunities  of  seeing  at  work,  and  can 
mtly  state,  that  it  operates  in  a  very  efficient 
T.  The  engraving  on  the  preceding  page, 
d  Fig,  4,  affoids  a  side  elevation  of  the  machine, 
ill  be  sufficient,  with  the  subjoined  and  foUow- 
urams,  to  explain  the  construction. .  a  is  the 
>?  the  loom,  oy  the  rotation  of  whidi  all  the 
I  motions  are  either  simultaneously  or  suc- 
ly  produced.  The  rotation  of  this  shaft  is 
d  either  by  hand  applied  to  the  lay,  which 
utes  it  a  hand4oom  ;  or  by  means  of  a  band  or 
from  another  shaft  at  e,  passing  over  drum- 
or  pulley,  as  shown  by  that  at  e^  and  the 
proceeding  therefrom,  which  makes  it  a  power- 
The  axis  of  the  drum  e  carries  a  spur-wheel, 
jgears  into  another  on  the  shaft  a,  and  its  rota- 
ivea  motion  to  two  eccentrics  /,  fixed  at  each 
shafts  within  the  frame.  This  motion  is 
in  the  annexed  engraving.  Fig.  5,  where  the 
s  also  indicates  the  shaft,  and  /  the  eccentric 
round  by  it :  in  the  annular  path  or  race  / 
iction-roller  ^,  attached  by  a  oent  arm  to  a 
ng  lever  A,  the  upper  end  of  which  is  fixed 
the  lay,  and  the  lower  end  turns  upon  a  centre 
)t,  passing  through  the  side  frame  of  the  loom ; 
:entric  revolution  of /'therefore  causes  the  lever 
brate,  and  with  it  the  lay,  in  that  very  steady 
liform  manner,  so  essential  to  good  weaving. 


In  thg  middle  of  tlia  iliafl  o,  ii  a  brokd  wheel,  (not  iliowii,]  in  tho  periphery  ef 
which  BIG  mRds  tvo  de«p  ^tootcb,  ig  indiaed  to  each  odier  ai  to  croM  in  the 
middle,  like  the  tetter  X :  m  iheu  groovei  a  projectiiig  pin  fiom  the  ahuttle- 
rod  worlu,  so  that,  bv  the  Tevolution  of  the  wheel,  the  uid  pin  traverses  the  X 
EToove  fVom  aide  to  ud^  and  the  ihultle-rod,  turning  upon  a  fulcrum  juit  above 
1^  ii  thrown  from  aide  to  aide  allemalelv ;  and  the  upper  end  of  the  aaid  rod 
being  connected  by  cord*  to  driven  whitji  ilide  upon  a  poliihed  wire,  fixed  in  a 
channel  of  the  lay.  The  shuttle  is  impelled  backwards  and  forwtuil*  thmngh 
the  waip  by  meant  of  tha  treadles,  which  are  worked  by  a  peculiar  ecceniric 
movement,  a*  will  be  explained  by  reference  to  the  annexed  Fig.  6. 

At  I  i,  tlio  ends  of  the  levers,  (leen  in  section,)  ere  connected  to  the  hori- 
tODtal  levers  v  c,  (aiuwering  to  the  treadles  of  the  common  loom,)  which  turn 


upon  a  joint  at  ttie  back  of  (he  loom*.  The  other  ends  of  the  levers  ate  fbmished 
with  atee)  pins  s,  which  work  In  two  eccentrics  having  the  peculiarly  shaped 
grooves  deltaesteHd  in  the  figure,  as  the  aaid  eccentrici  revolve  upon  their  central 
axis  a;  the  revolution  of  these  eccentrica,  it  will  be  perceived,  causes  lh«  sted 

Eins  alternately  to  traverse  along  the  external  groove,  and  then  the  internal 
eart-ihaped  groove,  which  produces  that  peculiar  vibration  in  the  bar*  es; 
and  the  required  reciprocation  of  the  lames  /  ^  to  open  the  threads  of  the  watp 
afUr  each  auccesaive  ahoot.  The  reed  or  cane,  which  it  the  immediate  instra- 
ment  for  beating  up  the  threads  of  the  woof,  i*  situated  in  the  lay  or  battoo. 
The  cloth  as  it  is  woven  passes  over  the  breaat-beam,  and  winds  itself  on  the 
roller,  which  receives  its  motion  by  a  toothed  wheel  fixed  upon  it,  and  a  pinicn 
upon  the  same  axia  as  the  ratchet-wheel. 

In  a  lecture  delivered  by  Dr.  Birkbeck,  at  the  London  Mechanics'  InstitotiaD, 
on  the  subject  of  weaving,  this  loom  was  publicly  worked,  when  it  was  foood  to 
weave  at  the  rate  of  q  yard  and  a  qnarter  per  hour  of  gros  ds  Naples. 

Some  succesaful  attempts  have  recently  been  made  to  produce  afigured  or  rather 
variegated  pattern  in  silks  by  plain  weaving.  It  i*  effected  by  composing  the 
weft  or  woof  of  two  different  coloured  threads  twisted  together  j  which  maybe 
of  lilk,  of  (ilk  and  worsted,  or  of  linen,  cotton,  and  silk,  variously  combined. 
The  more  the  colours  are  contrasted,  the  more  brilliant,  of  course,  i*  the  a^cL 
Long  specks  or  spots  are  produced  by  twisting  the  threads  very  slightly,  and 
•bort  or  minute  ones  by  a  hard  twist.  The  warp  of  the  fabric,  aa  well  as  the 
shoot  are  composed  of  a  aimikr  or  different  arrangement  of  threads,  and  thna, 
by  slight  variatioDB,  a  great  diversity  of  pretty  pattema  may  be  ohttlned. 

A  patent  was  taken  out  in  1S33  by  Mr.  W.  Graham  of  Glasgow,  for  "a 
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■eli^acting  tempU  to  be  ased  in  the  operation  of  weaving  by  power  or  hand  loomi/* 
for  ^e  purpose  of  keeping  the  fabric  at  the  width  the  reed  leaves  it.  The  in- 
vention consists  in  an  apparatus  affixed  near  each  end  of  the  breast-beam,  which, 
being  acted  on  by  the  swinging  of  the  lay  in  beating  up  the  weft,  are  caused  to 
open  and  shut,  and,  by  means  of  these  apparatuses,  tne  cloth  is  held  to  the  width 
at  which  the  reed  leaves  it  afUr  beating  up  the  weft 


The  above  b  a  perspective  view  of  the  apparatus,  a,  is  a  plate  which  is 
affixed  to  the  breast-beam  of  the  loom  at  the  slot  at  h,  hy  means  of  a  screw-bolt 
passing  through  the  breast-beam ;  and  where  different  widths  of  £ibric  are  woven 
in  the  same  loom,  the  temples  must  be  so  constructed  as  to  allow  of  being  brought 
nearer  to,  or  farther  from  each  other,  by  means  of  the  slots  formed  in  the  pUte 
a.  On  to  the  plate  a  is  fixed,  by  means  of  a  screw,  another  plate  c,  havmg  a 
projection  df  which  is  turned  down  at  right  angles  at  e,  the  object  of  which  will 
oe  hereafter  described.  The  outer  end  of  the  plate  o  is  turned  over,  so  as  to 
produce  a  parallel  plate/,  having  a  space  between  them;  ^  is  a  spring  affixed 
to  the  plate  c,  by  nvetting  or  otherwise,  and  on  the  face  of  this  spnng  is  formed 
teeth  or  grooves,  cut  in  a  line  with  ,the  direction  of  the  cloth,  these  teeth  or 
grooves  being  intended  to  hold  the  cloth  when  the  spring  is  pressing  upwards 
against  the  plate/;  t  is  a  lever,  which  has  its  fulcrum  at  j,  on  the  plate  a;  and 
at  one  end  of  the  lever  •  is  formed  a  projecting  wedge  k,  whicn  is  pressed 
between  the  upper  plate  /  and  the  spring  g  every  time  the  lay  beats  up  the 
weft,  by  the  lay  coming  in  contact  with  the  other  end  b  of  the  lever  i,  this  and 
/,  being  turned  down,  as  shown  in  the  drawing,  for  that  purpose.  There  is  to 
be  one  of  these  apparatuses  placed  near  the  breaat-beam,  that  is,  in  such  a  position 
that  they  shall  just  embrace  the  outer  edges  or  selvages  of  the  fabric,  between 
the  plate/  and  the  spring  ^,  and  thejr  are  so  placed  as  to  take  hold  of  the  fabric 
as  near  as  possible  to  the  point  at  which  the  reed  strikes  up  the  weft ;  but  the 
reed  is  prevented  being  injured  by  the  bottom  of  the  lay  coming  in  contact  with 
the  parts  e,  which  stops  the  lay  from  approaching  too  near  to  the  temples  at  tiie 
beating  up  the  weft;  and  at  the  time  the  lay  has  nearly  finished  its  stroke  it  comes 
against  the  part  /  of  the  lever  i,  which  drives  the  wedges  k  between  the  plates 
/  and  the  springs  g,  and  causes  them  to  separate  to  permit  the  fabric  being 
drawn  through  them ;  but  immediately  on  the  receding  of  the  lay,  after  having 
beaten  up  the  weft,  the  springs  g  will  press  up  against  the  plates/  and  retain 
the  cloth  between  them,  tne  wedges  k  being  forced  out  by  the  pressing  up  of  the 
springs,  and  by  this  means  the  &bric  will  be  kepi  to  the  width  at  whieh  the  reed 
leaves  it 

WEDGE.  A  simple  machine,  of  great  utility  in  cases  where  an  immense 
pressure  and  little  motion  are  required.  Tlie  wedge  may  be  considered  a  modi- 
fication of  the  inclined  plane,  to  which  in  many  cases  it  is  strictly  analogous, 
differing  only  in  the  circumstance  that  the  bodv  to  be  moved  is  drawn  along 
the  surrace  of  the  plane ;  but  in  the  wedge  the  plane  is  made  to  move  by  percus- 
sion beneath  the  body  to  be  raised,  or  between  the  surfaces  to  be  separated. 
Wedges  are  frequently  employed  for  splitting  masses  of  timber  or  stone ;  ships 
are  raised  in  docks  by  wedges  driven  under  their  keels.  Sometimes  they  have 
been  employed  to  restore  a  declining  edifice  to  the  perpendicular  position.     It 


the  annexed  cut  the  wedge  a  e  b  it  emplojed  tn  eleatiag 
wood,  and  ib  mechaDiuT  power  ii  eitimsted  by  the  pro- 
portion of  a  6  to  d  e.  Tbii  u  lomctimGS  differentljr 
stated,  and  it  ii  diScult  to  itate  poiilively  what  U  the 
exact  power  obtaioed  bj  the  uie  of  the  wedge,  at  it  ii 
generally  driven  by  blowi  of  a  mallet  or  hammer ;  there 
can,  however,  be  no  doubt  tim\  the  penetrating  power  ia 
increased  by  increaiing  the  length  3  e,  iu  proportion  to 
the  breadth  a  b.  The  vredge,  in  part,  owes  iti  value  to 
a  qualitr  whicli,  in  moat  machiaes,  ii  a  diminution  of 
their  e&ct,  >.  e.  the  friction  that  arini  between  it  and 
the  ■uhitance  it  diridea.  Were  tt  not  for  the  immense 
friction  which  obtains  in  the  uae  of  the  wedge,  it  would 
recede  to  its  original  position,  between  the  successive 
blows,  and  thus  nopro^eu  would  be  made.  Inatead  of  thla,  however,  we  find 
the  pressure  and  adhesion  of  the  mrfaces  prevent  the  recoil,  and  thus  a  succei- 
sion  of  slight  blows  effect  a  result  which  previously  might  have  been  supposed 
beyond  human  power  to  realize.  All  cutting  and  piercing  instruments,  as 
knives,  chisels,  roaori,  nails,  pins,  &c.,  may  be  coniidered  as  wedges.  The 
angle  of  the  wedge,  in  these  cases,  is  more  or  leas  acute,  according  to  the  pur- 
poaei  to  which  it  ia  to  be  apphed.  The  mechanicat  power  of  the  wedge  it  of 
course  increased  by  diminishing  the  angle,  but  as  this  diminishes  the  strength 
of  the  [nstrument,  there  is  a  practical  limit  to  this  increase  of  power.  In  tools 
intended  for  cutting  wood  the  angle  is  generalW  aboat  30*.  For  iron  it  is  from 
W  to  6(K  i  and  for  brass  from  80o  to  90o.  Toots  which  act  by  preainre  may 
be  made  more  acute  than  those  which  are  drawn  by  pereusaion,  and  in  general 
the  softer  the  auhitance  to  be  divided,  and  the  less  the  power  required  to  act 
upon  it,  the  more  acute  may  be  the  construction  of  the  wedge. 

WEIGHING-MACHINES  have  been  described  by  us  under  the  article 
BjtLAHCE,  in  which  article,  however,  we  have 
omitted  a  notice  of  the  annexed  singular  but  tlm- 
ide  and  useful  contrivance,  the  invention  of  Mr. 
Hawkins,  oF  Fleet-atreet.  Itiacatled  the  hydraulic 
weighing-machine,  and  is  chiefly  designed  for  do- 
mestic  use.  a,  in  the  annexed  ligure,  denotes  a 
cylindrical  vessel  made  of  tin  and  japanned,  and 
partly  filled  with  water;  b  is  another  cylinder  of 
the  same  kind,  but  of  lesa  diameter,  resting  upon, 
or  floating  in  the  water  contained  in  a ,-  c  is  a  gra- 
duated srale,  with  a  glass  tube  running  up  the 
middle,  fixed  to  the  exterior  cylinder ;  the  bottom 
of  this  tube  open*  into  the  lower  part  of  the  cylin- 
der, therefore  the  water  always  stands  at  the  lame 
level  in  both,  e  is  a  dish  or  scale,  for  holding  the 
article  to  be  weighed,  the  pressure  on  which  causes 
the  internal  cylinder  to  suik  lower,  and  raise  the 
water  higher  between  the  two  vessels,  the  level  of 
which  is  indicated  by  the  tube,  and  the  weight  at 
such  level  exhibited  on  the  scale.  There  is  of 
course  a  liability  to  change,  by  a  portion  of  the 
water  evaporating ;  but,  by  leaving  a  weight  in 
the  scale  when  not  in  use,  and  pouring  in  of  a  ami 
aionally  to  bring  it  to  the  level  of  the  mark  on  the  scale,  an  adfui 

WEIGHT.  The  force  by  which  bodies  in  air  pren  towards  the  centre  <A 
the  earth ;  and  the  measured  qoantdhr  of  that  force.  In  any  body,  ia  the  weiEbl 
of  iL  The  earliest  attempt  on  record  to  define  measure  of  capaei^  and  wei^t, 
by  referring  them  to  some  natural  standard,  was  made  in  the  Alst  year  of  the 
reign  of  Henry  III.,  A.D.  1266;  it  is  as  fbUowi : — 

"  An  English  peony,  called  a  sterling,  round  and  without  clipping,. shall  weigh 
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thirty-two  wheat  coma  hi  the  midst  of  the  ear,  and  twenty  pence  to  make  an 
ounce,  and  twelve  ounces  one  pound,  and  eight  pounds  do  make  a  gallon  of  wine ; 
and  eight  gallons  of  wine  do  make  a  London  hushel,  which  is  the  eighth  part  of 
a  quarter.*'  These  weights  and  measures  were  again  precisely  specified  and  con* 
finned  in  the  reign  of  Heniy  VII.,  in  the  year  1496.  The  first  statute  that  directs 
the  use  of  the  avoirdupoU  weieht  is  the  twenty-fourth  of  Henrv  VIII.,  wherein 
it  is  directed  to  he  used  for  weighing  butchers'  meat  in  the  market,  though  it  has 
been  used  for  weighing  all  kmds  of  coarse  bulky  articles  of  ordinary  con- 
■nmption.  This  pound  contains  7000  troy  grains ;  while  the  troy  pound  contains 
only  5760  grains.  The  difference  between  the  troy  and  avoirdupois  weight  may 
be  more  exactly  determined  by  reference  to  the  annexed  tables. 


Dtvg  WeighL 


iSiSg  of  a  cubic  inch  of  water 
24  grains 
20  pennyweights 
12  ounces 


1  grain 

1  pennyweight 
1  ounce 
1  pound 


CnUo  InchM  of  water. 

.0099610571428 
.0950653714285 
1.901307428571 
22.815689142857 


A  cubic  inch  of  distilled  water,  at  the  maximum  density  weighs  253  troy 
grains. 

Avoirdupoit  Weight. 


27n  ^ams 
16    drams 
J  6    ounces 
28    pounds 
4    quarters 
20    cwt 


1  dram 
1  ounce 
1  pound 
1  quarter  cwt. 
1  cwt 
1  ton 


Oubio  InehM  of  water. 

.10831015625 
1.7329625 
27.7274 
776.3672 
3105.4688 
6210.93760 


175  troy  pounds 
175  troy  ounces 


144  avoirdupois  pounds. 
192  avoirdupois  ounces. 


By  an  act  of  parliament  made  in  the  fifth  year  of  his  late  majesty  Georve  IV., 
it  was  enacted  that  there  should  be  adopted  on,  and  after  the  Ist  of  May, 
1825,  throughout  the  United  Kingdom,  a  uniformity  of  weights  and  measures. 
The  following  is,  according  to  Mr.  Gutteridge,  the  rationale  of  the  improvement 
introduced  by  this  act  "  Take  a  pendulum  which  vibrates  seconds  in  London,  on 
a  level  with  the  sea,  in  a  vacuum ;  divide  all  that  part  thereof  which  lies  between 
Uie  axis  of  suspension,  and  the  centre  of  oscillation,  into  391393  equal  parts; 
then  will  ten  tnousand  of  those  be  an  imperial  inch,  twelve  whereof  make  a  foot, 
and  thirty-six  a  yard.  Take  a  cube  of  one  such  inch  of  distilled  water,  at  62* 
of  temperature,  by  Fahrenheit's  thermometer;  let  this  be  weighed  by  any 
weight,  i^d  let  such  weight  be  divided  into  252458  equal  parts,  uien  will  one 
thousand  of  such  parts  be  a  troy  grain ;  and  7000  of  these  grains  will  be  a  pound 
avoirdupois,  the  operation  having  been  performed  in  air.  Ten  potmds,  such  as 
Uiose  mentioned  of  distilled  water,  at  62o  of  temperature,  will  be  a  gallon,  which 
gallon  will  contain  277  cubic  inches,  and  274  one  thousandth  parts  of  another 
cubic  inch."  By  the  authority  aforesaid  it  is  also  enacted,  ''that  a  cubic  inch  of 
distilled  water  in  a  vacuum,  weighed  by  brass  weights,  also  in  a  vacuum,  at  the 
temperature  of  62o  of  Fahrenheit's  thermometer,  shsil  weigh  252.724  grains ;" 
and,  **  that  the  standard  measure  of  capacity,  as  well  for  liquids  as  for  dry  goods 
not  measured  with  heaped  measure,  shall  be  the  gallon  containing  ten  pounds 
avoirdupois  weight,  of  distilled  water  weighed  in  air,  at  the  temperature  of  62^, 
the  barometer  being  thirty  inches."  This  gallon,  therefore,  containing  277.274 
cubic  inches,  is  about  one-fifth  greater  than  the  old  wine  gallon,  one  thirty-second 

£  "eater  than  the  old  drv  gallon,  and  one-sixtieth  less  than  the  old  beer  gallon, 
ight  such  imperial  gallons  to  be  a  bushel,  eight  such  bushels  to  be  a  quarter  of 
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oorn  or  other  dry  goods ;  the  quart  to  be  one-fourth,  and  the  pint  one-eighth  of  the 
above  g^on,  and  none  of  these  measures  to  be  heaped  up.  The  said  standard 
bushel,  which  will  therefore  contain  eiehty  pounds,  avoirdupois,  of  water,  is 
required  to  be  a  cylinder  with  a  plain  and  even  bottom,  the  extreme  diameter 
of  which  is  nineteen  and  a  half  inches.  No  other  bushel  than  this  is  to  be  em- 
ployed for  coals,  or  other  commodities  usually  sold  by  heaped  measure. 

WELDING.  A  term  applied  to  a  peculiar  process  of  uniting  pieces  of 
iron  together  by  heat  and  pressiire.  There  are  only  two  metals  susceptible 
of  this  process,  iron  and  pfatina.  They  are  brought  to  a  white  heat  in  a 
furnace,  and  joined  bv  quick  and  forcible  liammering,  by  which  they  itnite  as  one 
piece,  when  executed  by  skilful  workmen. 

WELD,  or  WOALD.  A  plant  cultivated  in  manv  parts  of  this  kingdom,  for 
its  yellow  colouring  matter.  Two  sorts  of  weld  are  distinguished,  the  bastard  or 
wild,  which  grows  naturally  in  the  fields;  and  the  cultivated,  the  stalks  of  which 
are  smaller  and  not  so  high.  The  latter  is  preferred  for  dyeing,  abounding  more 
in  colouring  matter.  When  the  plant  has  arrived  at  matunty  the  stalks  are 
pulled,  made  into  bundles  and  dried,  in  which  state  it  is  used.  To  give  a  per- 
manent yellow  to  wool  by  weld,  mordants  become  necessary ;  but  when  prepared 
with  alum  and  tartar,  it  takes  a  very  durable  and  fine  yellow. 

WHALE-FISHERY.  This  subject  being  so  intimately  connected  with  our 
manufactures,  we  insert  the  following  account  of  it.  In  the  Greenland  fishery 
by  Europeans,  every  ship  is  provided  with  six  boats,  to  each  of  which  belong 
six  men,  for  rowing  the  Doat,  and  a  harnooner,  whose  business  is  to  strike  the 
whale  with  his  harpoon.  Two  of  these  ooats  are  kept  constantly  on  the  watch, 
at  some  distance  from  the  ship,  fastened  to  pieces  of  ice,  and  are  released  by 
others  every  four  honrs.  As  soon  as  a  whale  is  perceived,  both  the  boats  set 
out  in  pursuit  of  it,  and  if  either  of  them  can  come  up  before  the  whale  finally 
descends, — which  is  known  by  his  throwing  up  his  tail, — theharpooner  discharges 
his  harpoon  at  him.  As  soon  as  the  whale  is  struck,  the  men  set  up  one  of 
their  oars  in  the  middle  of  the  boat,  as  a  signal  to  those  in  the  ship ;  upon  which 
all  the  others  set  out  to  the  assistance  of  the  first  The  whale,  finding  himsdf 
wounded,  swims  ofi*  with  prodigious  velocity.  Sometimes  he  descends  perpen- 
dicularly, and  sometimes  he  goes  off  horizontally,  at  a  small  depth  below  the 
surface.  The  rope  which  is  ustened  to  the  harpoon  is  about  200  fiuhoms  long^ 
and  properly  coiled  up,  that  it  may  be  freely  given  out  as  there  is  a  demand  for 
it  At  nrst,  the  velocity  with  which  this  rope  runs  over  the  side  of  the  boat  is  so 
great,  that  it  is  wetted  to  prevent  its  taking  fire  :  but  in  a  short  time  the  strength  of 
the  whale  begins  to  fail,  and  the  fishermen,  instead  of  letting  out  more  rope^ 
strive  as  much  as  possible  to  pull  back  what  has  been  given  already,  though 
they  always  find  themselves  necessitated  to  yield  at  last  to  the  efibrta  of  £• 
animal,  to  prevent  his  sinking  their  boat.  If  he  runs  out  the  200  fisthoms  of 
line  contained  in  one  boat,  that  belonging  to  another  is  immediately  fastened  to 
the  end  of  the  first,  and  so  on ;  and  there  nave  been  instances  where  all  the  r»ipe 
belonging  to  the  six  boats  has  been  necessary,  though  half  that  quantity  is 
seldom  required.  The  whale  cannot  stay  long  below  water,  but  again  comes 
up  to  blow ;  and,  being  now  much  fatigued  and  wounded,  stairs  longer  above 
water  than  usual.  This  gives  another  ooat  time  to  come  up  with  him,  and  he 
is  again  struck  with  a  harpoon.  He  again  descends,  but  with  less  force  than 
before ;  and  when  he  comes  up  again,  is  generally  incapable  of  deacending^ 
but  suffers  himself  to  be  wounded  and  iill^  with  long  lances  which  the  men 
are  provided  with  for  that  purpose.    He  is  known  to  be  near  death  when  be 

3»outs  up  the  water,  deeply  tinged  with  blood.  The  whale,  when  dead,  is  lashed 
ongside  the  ship.  They  then  lay  it  on  one  side,  and  nut  two  ropes^  one  at  the 
head  and  the  other  at  the  place  of  the  tail,  which,  together  with  the  fins,  is  struck 
off,  as  soon  as  he  is  taken,  to  keep  those  extremities  above  water.  On  the 
off-side  of  the  whale  are  two  boats,  to  receive  the  pieces  of  &^  utensils,  and  men, 
that  might  otherwise  fall  into  the  water  on  that  side.  These  precautions 
being  taken,  three  men  with  irons  at  their  feet,  to  prevent  slinping,  get  on  the 
whale,  and  begin  to  cut  out  pieces  of  about  three  feet  thick  and  eieht  kNM^ 
which  are  hauled  up  at  the  capstan  or  windlass.    When  the  fat  ia  all  got  r^ 
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they  cut  off  the  whalebone  of  the  upper  jaw  with  an  axe.  Before  they  cut, 
they  are  all  lashed  to  keep  them  firm ;  which  also  facilitates  the  cutting,  and 
prevents  them  from  falling  into  the  sea ;  when  on  board,  five  or  six  of  them  are 
bundled  together  and  properly  stowed,  and  after  all  is  got  off,  the  carcase  is 
turned  adrul,  and  devoured  by  the  white  bears,  who  are  very  fond  of  it  In 
proportion  as  the  large  pieces  of  fat  are  cut  off,  the  rest  of  the  crew  are  employed 
m  Slicing  them  smaller,  and  picking  out  all  the  lean.  When  this  is  prepared, 
they  stow  it  in  under  the  deck,  where  it  lies  till  the  fat  of  all  the  whales  taken 
during  the  fishery  is  on  board ;  then  cutting  it  still  smaller,  they  put  it  up  in 
tubs  in  tibe  hold.  At  the  end  of  the  season  they  retiurn  home,  where  the  rat  is 
boiled  and  pressed,  to  give  out  the  oil.  (See  a  press  for  this  purpose,  under  the 
Article  Oil.) 

Among  the  Rurilc  islands,  which  are  situated  near  the  southern  extremity  of 
the  peninsula  of  Kamtschatka,  the  whales  are  most  abundant  about  the  be- 
ginnmg  of  autumn.  At  that  time  tlie  inhabitants  embark  in  their  canoes,  and 
•earch  for  them  in  places  where  they  generally  find  them  asleep  on  the  surface 
of  the  water.  When  they  are  so  fortunate  as  to  find  one  in  this  situation,  they 
approach  with  the  least  possible  noise,  and  when  they  have  come  within  the 
proper  distance,  they  pierce  him  with  poisoned  arrows ;  and  although  these 
wounds  seem  extremely  slight,  they  are  said  in  a  short  time  to  occasion  great 
pain.  The  whale  thus  wounded,  moves  about  furiously,  blows  with  great 
violence,  and  soon  dies. 

When  the  whale  returns  to  Greenland,  the  fishermen  equip  themselves  with 
sharp  knives,  harpoons,  speara,  and  arrows,  with  a  number  of  large  skins  of  the 
■ea-dog,  inflated.  Thus  equipped,  they  launch  their  canoes.  The  harpoon  which 
they  usually  employ  is  pointed  with  bone,  or  a  sharp  stone ;  some,  indeed,  have 
harpoons  of  iron,  which  they  procure  from  the  Danes,  by  barter  for  the  oil  or  fat 
of  the  whale.  The  scarcity  of  iron  and  wood  makes  these  articles  extremely 
valuable  to  Greenlanders,  and  has  excited  their  ingenuity,  to  avoid  the  risk  of 
lotting  them.  For  this  purpose  an  inflated  bladder  of  dog's  skin  is  attached  to 
the  harpoon ;  so  that,  in  case  it  should  not  reach  the  whale,  when  they  attempt  to 
strike,  it  may  float  on  the  water  and  be  recovered.  They  approach  them  with 
astonishing  boldness,  and  endeavour  to  fix,  by  means  of  their  harpoons,  which 
they  throw  at  his  body,  some  of  the  skins  inflated  with  an: ;  for,  notwithstanding 
the  enormous  bulk  of  this  animal,  two  or  three  of  these  skins,  by  the  resistance 
which  they  make  to  the  water,  on  account  of  their  diminished  specific  gravity, 
greatly  impede  his  attempts  at  plunging  into  the  deep.  Having  by  this  means 
sueceeded  in  arresting  bis  progress,  they  approach  nearer,  and  with  their  lances 
pierce  his  body,  till  he  becomes  languid  and  at  last  dies.  The  fishermen  then 
plunge  into  the  sea  with  their  skin  jackets  filled  with  air,  and  swim  to  their  prize ; 
andy  floating  on  the  surface  of  the  water,  they  cut  off  with  their  knives,  from  every 
part  of  the  whale,  the  fat  or  blubber,  which  is  thrown  into  the  canoes ;  and  not- 
withstanding the  rudeness  of  their  instruments,  their  dexterity  is  such,  that  they 
can  extract  from  the  mouth  the  greatest  part  of  the  whalebone. 

The  boldest  and  most  astonishing  mode  of  fishing  the  whale,  is  that  which  is 
practised  by  the  Indians  on  the  coast  of  Florida.  When  the  whale  appears,  they 
tSssten  to  their  bodies  two  pieces  of  wood  and  a  mallet;  and  these  instruments, 
with  their  canoe,  form  the  whole  of  their  fishing  equipage.  When  they  approach 
the  whale  they  throw  themselves  into  the  water,  and,  swimming  directly  towards 
him,  they  have  the  address  to  get  on  his  neck,  taking  care  to  avoid  the  stroke  of 
his  fin  or  taiL  When  the  whale  first  spouts,  the  Indian  introduces  one  of  the 
pieces  of  wood  into  the  opening  of  one  of  the  blow-holes,  and  drives  it  home 
with  the  mallet.  The  whale  thus  attacked,  instantly  plunges,  and  carries  the 
Indian  with  him,  who  keeps  fast  hold  of  the  animal ;  the  whale,  which  has  now 
only  one  blow-hole,  soon  returns  to  the  surface  of  the  water  to  respire  ;  and  if 
the  Indian  succeeds  in  fixing  the  other  piece  of  wood  into  the  second  blow-hole, 
the  whale  again  descends  to  the  bottom,  but  a  moment  after  reappears  on  the 
surface,  where  he  remains  motionless,  and  immediately  expires,  by  the  interruption 
of  the  function  of  respiration. 

WHARF.  A  firm  landing-place,  built  beside  the  water  for  the  convenience 
of  loading*  or  unloading  ships,  barges,  or  other  vessels ;   and  therefore  usually 
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furaished  with  cranes  and  various  appendages,  according  to  the  nature  and 
extent  of  the  business  to  be  performed. 

WHEEL  and  AXLE.  A  modification  of  the  lever,  by  means  of  which  a 
weight  may  be  raised  to  a  considerable  height  A  slight  attention  to  the  nature 
of  the  lever  will  show  that  the  extent  of  its  influence  in  space  is  very  sraalli 
depending  upon  the  length  of  that  arm  to  which  the  weight  is  attached ;  and  as 
dus  arm  becomes  shorter  in  proportion  to  the  increase  of  power  obtained,  so  the 
height  to  which  a  body  may  be  raised,  speedily  attains  its  limit  In  the  wheel 
and  axle,  no  limit  of  this  kind  exists.  Let  a  b,  in  the 
annexed  cut,  represent  the  diameter  of  the  wheel,  and  c  d 
that  of  the  axle ;  then,  if  a  power  p  be  connected  by  means 
of  a  rope  to  the  wheel,  and  a  weight  to  to  the  axle,  these 
two,  when  in  equilibrio,  will  be  to  each  other  as  e  </  to  a  6. 
That  is,  ike  power  is  to  the  weight  as  the  diameter  cfike  axU 
to  the  diameter  of  the  wheel;  or,  since  the  diameter  of  a 
circle  is  double  its  radius ;  as,  the  radita  of  the  axle  to  the 
radius  of  the  wheel.  If  a  line /A  ^  be  drawn,  connecting 
the  parallel  cords,  and  a  perpendicular  e  hhe  let  fall  on.  it 
it  will  be  divided  in  the  same  ratio  as  the  diameters  or  radii 
of  the  wheel  and  axle  ,*  and  hence  its  relation  to  the  lever  becomes  manifest  It 
will  be  immediately  seen  that  the  power  is  to  the  weight  SAfhiohg;  that  ts^ 
as  the  radius  of  the  axle  to  the  radius  of  the  wheel.  Tlie  velocity  with  which 
the  power  and  weight  will  move,  is,  as  in  the  other  simple  machines,  inversely 
as  the  power  gained.  If  the  diameter  of  the  wheel  be  20  inches,  and  that  of  the 
axle  4  mches,  the  power  obtained  will  be  ^ 
a=  5  times ;  or  a  power  of  one  pound  will 
balance  a  weight  of  five  pounds ;  but  the 
velocity  with  which  the  weight  moves,  is  five 
times  less  than  that  of  the  power.  The 
windlass  by  which  water  is  drawn  from 
wells,  and  the  capstan  used  to  raise  the 
anchor  on  ship-board,  are  illustrations  of 
the  utility  of  this  simple  machine ;  but  the 
most  extensive  employment  of  the  wheel 
and  axle  is  in  combmation,  in  which,  under 

the  name  of  wheel  and  pinion,  it  enters  largely  into  the  constructioii  of  the  most 
complicated  machinery.  In  the  arrangement  of  a  number  of  wheels  and 
pinions  for  the  purpose  of  gaining  power,  or  velocity,  each  pinion  is  connected 
with  the  following  wheel,  and  the  power  or  weight  is  attached  to  the  last  pinion. 

Thus,  in  the  foregoing  representation  a  h  and  e  are  three  wheeb ;  d  s/ 
three  aixles  or  pinions,  as  it  may  be ;  the  power  p  puts  a  into  motion,  the  aue 
of  which  turns  6,  whose  axle  again  influences  c,  on  the  axle  of  which  th 
resistance  b  applied.  The  proportion  between  p  and  w  in  this  and  similar  eases, 
will  be  foimd  by  multiplymg  together  the  diameters  of  the  axles,  and  ths 
diameters  of  the  wheels.  If  the  diameters 
of  the  wheels  be  14,  9  and  7,  and  the  axles 
be  3,  3  and  2,  the  power  obtained   will  be 

14  X  9  X  7 

~-^ — : —  49,  and  as  a  consequence, 

the  velocity  of  p  must  be  49  times  greater 
than  that  of  w.  When  wheels  and  pi- 
nions act  iqpon  each  other  as  in  watches 
and  other  machines,  a  number  of  teeth  are 
cut  in  the  circumference  of  each,  in  nearly 
the  same  proportion  as  the  ra^  of  the  wheel 
and  pinion.  Sometimes,  especially  in  heavy 
macnineiy,  they  are  connected  by  bands,  as  in 
the  annexed  cut ;  but  the  calculated  power  is 
still  the  same  at  whatever  angle  they  may 
be  placed  to  each  other,  since  the  bands 
always  act  on  t\\at  p«r\  ot  ^«  iiVi««l  which 
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is  perpendicular  to  their  own  direction.  In  calculating  the  power  of  this 
machine,  allowance  must  be  made  for  the  friction  on  the  pivots,  the  weight 
and  stiffness  of  the  rope,  and  for  the  increased  magnitude  which  a  large  rope 
gives  to  the  wheel  or  axle. 

WHEEL.  A  circular  frame,  or  solid  disc,  made  of  wood  or  metal,  and  turning 
upon  an  axis.  There  are  a  variety  of  kinds,  but  we  shall  in  this  place  direct 
our  attention  to  carriage  wheels,  to  which  the  foregoing  definition  will 
best  apply.  The  ordinary  carriage  wheel  consists  of  three  principal  parts; 
namely,  the  nave,  hub,  or  centre ;  the  spokes  or  radii,  which  connect  the  centre 
to  the  periphery  or  ring.  The  ring  is  sometimes  made  of  one  entire  length, 
bent  into  the  circular  form ;  but  by  far  the  most  usual  plan  is  to  construct  the 
ring  of  a  series  of  curved  pieces,  correctly  jointed  endways,  so  as  to  complete 
the  entire  circle.  After  the  ring  is  thus  prepared,  and  every  joint  correctea  and 
smoothed  whilst  placed  in  its  true  circle,  the  joints  are  bored,  and  an  oaken 
dowel  or  pin  driven  into  the  perforations.  The  manufacture  of  the  spokes  con- 
sists in  chopping  them  first  to  nearly  their  shape,  and  then  finishinff  their 
figure  by  spoke-shaves ;  afterwards  they  are  all  gauged  to  an  exact  length,  their 
shoblders  and  tenons  made,  the  tenons  that  are  to  entor  the  stock  beins  square, 
and  those  for  the  felloes  round ;  and  all  the  tenons  are  made  a  littM  uurger 
towards  their  shoulders  than  at  their  other  ends,  in  order  that  they  may  fit  very 
tiffhtly  when  driven  up  into  their  mortises.  The  tenons  in  the  nave  depend 
wnolly  for  their  firmness  there,  to  accurate  workmanship ;  but  the  tenons  in  the 
felloes  go  through  their  thickness,  and  are  then  wedeed  up  on  the  outside. 
The  strength  of  a  wheel  depends  sreatly  on  the  attention  paid  to  the  arranffe- 
ment  and  firaming  of  the  spokes ;  m  common  wheeb  they  are  framed  equiuly 
all  round  the  thickest  part  of  the  nave,  the  tenons  of  the  spokes  being  so  bevelea 
as  to  stand,  with  reference  to  the  horizontal  position  of  the  nave,  abont  three 
inches  out  of  the  perpendicular :  this  is  done  to  produce  what  is  called  the 
diihmg  of  the  wheel.  But  for  obtaining  increased  strength,  the  spokes  of  wheels, 
(as  in  those  of  the  mail  coaches,}  are  framed  so  that  every  otner  spoke  ^ali 
stand  perpendicular  to  the  nave.  Hence  the  mortices  are  made  in  two  parallel 
lines  around  the  nave,  the  other  ends  of  the  spokes  entering  the  felloes  in  a 
single  line ;  therefore,  viewed  edgeways,  the  position  of  the  spokes  represente 
two  sides  of  an  isosceles  triangle,  of  which  the  axis  forms  the  base  hne,  (an 
arrangement  which  the  uninformed  will  clearly  understand,  upon  reference  to 
the  perspective  figure  of  Jones's  patent  suspension  wheel,  given  fbrther  on  in 
this  artide ;)  this  confers  great  stability  to  the  wheel,  at  a  trifling  addition  of 
cost  of  workmanship. 

The  blocks  which  form  the  naves  of  wheels  are  furnished  to  the  wheelwright, 
of  the  sise  required.  The  wood  preferred  for  this  purpose  is  elm.  To  produce 
their  round  conical  form  they  are  tiumed  in  a  lathe,  with  neat  mouldings  upon 
the  surfttce.  Tlie  nave  is  now  ready  to  have  its  mortues  cut ;  which  is  a  work 
of  considerable  art,  especially  when  executed  in  the  rapid  and  correct  manner 
in  which  they  usually  are,  by  practised  workmen.  In  this  work  the  wheelwright 
uses  a  very  simple  and  efficient  tool,  that  u  peculiar  to  his  craft ;  it  is  callM  a 
buXf  and  is  employed  to  cut  out  the  angles  of  his  mortises  square  and  clean ;  it 
is  a  sort  of  double  chisel,  or  that  in  which  the  straight  edges  of  two  common 
chisek  are  united  at  rieht  angles ;  and  it  cuts  out  the  comer8,^as  may  he  sup- 
posed, very  expeditiously,  and  so  exactly  that  the  square  tenon  of  the  ^ke 
oites  very  firmly  in  every  part  The  workman  fits  each  spoke  successively,  and 
puts  a  mark  upon  it.  When  they  are  all  fitted,  he  begins  to  put  the  whole 
wheel  together,  fitting  all  the  spokes  to  the  nave  first,  and  then  adding  the 
felloes.  In  this  itete  the  wheel  is  put  to  season ;  that  is,  exposing  it  to  a 
current  of  air  for  a  week  or  two^  or,  as  in  some  manufactories,  j^ing  it  in  a 
kiln  for  a  few  hours,  heated  to  about  140o  Fahrenheit  When  seasoned,  the 
whole  of  the  wheel  is  examined,  to  ascertain  if  all  its  parts  are  still  adapted  to 
make  solid  and  close  joints  in  every  part ;  and  if  found  so,  they  are  all  secured 
and  fixed,  by  driving  up  all  the  spoxes  firmly  into  the  nave,  and  then  putting  on 
the  felloes,  and  driving  them  down  firmly  upon  the  shoulders  of  the  spokes ;  and 
the  ends  of  the  tenons,  which  come  through  the  felloes,  are  then  secured  by 
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wedget  driven  into  their  middle*.  Thii  done,  the  wheelwright  "  cleani  off;" 
thai  ii,  finishet  the  wood-work,  by  h'ti  plane*,  shavei,  fish-skin,  and  glaas-paper. 
The  next  operation  is  to  put  on  the  ircm  tire.  The  tire  is  made  of  flat  bar  iron. 
Mid  of  breadth  and  tliickness  proportioned  to  the  wheel.  When  the  tire  con- 
usla  ofseparnle  pieces  or  streaks,  iha  har*  are  cut  to  tlis  same  length  as  the 
ftUoes,  and  curved  to  the  radius  of  the  wheel,  and  have  suitable  holes  punched 
through  them,  to  receive  very  stout  nails,  by  which  thejr  are  lecured  to  the 
wooden  ring  of  the  wheel ;  and  the  iron  tire  is  so  placed  over  the  felloes,  as  to 
meet  in  the  middle  of  each  felloe,  and  thus  secure  more  effectually  the  joints  of 
the  latter ;  the  tire  nails  pass  quite  through  tlw  felloes,  and  are  rivetted  on  the 
inside  of  the  ring,  upon  bars  or  washers,  which  materially  strengthens  the  fabric 
Further  to  bind  and  compress  the  parts  of  the  wheel  together,  the  tire  is  put 
and  nailed  on  to  the  wheel  in  a  red-hot  state ;  which  bum*  and  presses  down 
all  bumps  And  inequalities  of  the  surface,  and  produces  great  solidity  of  ttme- 
ture.  The  beat  kinds  of  wheels, — those  used  for  coaches  and  other  light  vehicles, — 
have  usually  their  tires  of  one  single  piece  or  ring  ready  formed,  which  is 
expanded  hy  being  mad*  hot  in  a  circular  fire,  and  m  this  state  put  upon  the 
wooden  periphery  of  the  wbsel,  when,  by  its  drinking  as  it  eooU,  it  dnw*  all 
the  parts  of  the  wheel  together  with  irreslslibte  force. 

Many  years  ago  a  patent  was  obtained  for  making  the  wholB  wooden 
periphery  of  one  entire  piece,  and  this  process  is  still  extensively  practised  for 
the  wheels  of  light  carnages.  Straight  grained  ash  is  selected  and  boiled  or 
(teamed,  until  it  become*  very  flexible,  when  it  is  bent  on  a  cylinder,  and 
fiutened  together  whilst  in  ita  circular  form. 

Havingnow  described  the  several  parts  of  an  ordinary  caniige  wheel,  exeeptitw 
theaxletree,  and  box,  we  refer  the  reader  for  information  on  those  points  to  their 
initial  letter  (also  to  the  articles  Cahsiioe  and  Rlilwat,)  in  this  work  ;  and 
proceed  to  the  description  of  some  modem  improvement*. 

The  purposes  to  which  iron,  whether  cost  or  malleable,  may  be  naefbOy 
applied,  ore  daily  becoming  more  numerous  ;  itsgreatdurebilitv,  and  the  facility 
with  which  it  may  now  (by  the  ud  of  our  varied  and  powerful  machinery,)  he 
wrought  to  any  desired  form,  point  it  out  as  peculiarly  adapted  for  the  wheeji  ct 
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thdr  general  introduction  i  and  thair  use  mat  be  sud  Eo  have  been  confined  lo 
rail-Toadi,  until  the  in*cDtian  of  Mr.  Tbeodore  Janet,  «ho  took  out  «  patant 
r«T  an  "  iron  nupention- wheel,"  about  eight  yean  ago,  and  a  large  manufactory 
of  tbem  hai  been  eitabliihed  at  Vauzhall,  rrom  whence  are  constantly  aent  out 
contiderable  numbers,  attached  to  the  carta  and  waggonioftbe  metropolia,  aiour 
London  reader*  viil  teittfy,  upon  reco^iiing  tbeir  representation  in  the  abova 
ravings,  ofwhiclt^.liaaneleTBtion,  and  ^.2  a  penpective  *ie«  of  a  cart  or 
it  waggon-wheel,  the  prineipleof  tbeir  conatruction not  differing  according  to 

fSg.  3.  %.  4. 
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r  ^plication,  but  only  in  the  proportion)  of  their  parti.  ^.  3  repreaenta  m 
i,  snown  on  4  larger  icale,  with  the  front  shield  or  cap  removed  to  show  the 
itioo.  It  content  eight  feathers  or  divisions,  dividing  it  into  eieht 
compartment*,  f^.  4  is  a  section  of  the  nave,  with  the  front  and  back  ■hialda 
in  their  places. 

At  a  is  a  strong  rim  of  cast  or  wrought  iron,  with  a  rib  on  the  inside  to  give 
additional  strength.  Sixteen  conical  boles  are  made  through  the  rim  at  equal 
distances;  bbb  are  wrought  iron  rods,  with  conical  heads  c  c  c  fitting  into  the 
hole*  of  the  rim,  and  have  screws  cut  at  [heir  other  ends.  These  ro^  through 
tbe  hole*  in  the  rin»,  and  corresponding  boh^s  in  the  nave,  where  the  ^r«wed 
ends  are  secured  by  nuts,  are  plainly  shown  in  the  teetiani.  The  shield*  an 
tben  placed  over  tbe  nave,  and  by  the  pressure  of  theu  flat  surface*  against  tbe 
side*  of  the  nuts,  they  are  prevented  from  becoming  un*erewed.  A  hoop  or 
iron  tire  is  fixed  on  the  outer  circumference  which  i*  to  be  replaced  when  it 
become*  worn  by  u*e. 

lite  deacription  m  have  tbtu  given  is  derived  Grom  the  ipeeificaiion  of  the 
patentee ;  hut  since  tbe  enrolment  of  that  document,  tbe  experience  of  the 
inventor,  derived  from  great  practice,  has  enabled  him  to  mtroduce  many 
mbordinate  improTcmenti,  amongst  which  we  may  mention,  the  making  the 
rim,  with  the  projecting  rib  underneath,  of  one  tingle  solid  piece  of  wrought  iron, 
obviating  the  use  of  any  cast  iron,  and  dispensing  entirely  with  the  necessity  of 
«ny  tire  ring.  This  is  a  very  important  improvement,  a*  it  was  discovered  that 
the  battering  which  the  tire  rings  received  against  the  stone  pavement,  had  the 
•ffiwt  of  expanding  them,  and  consequently  of  causing  them  to  separate  or 
become  looae  upon  the  iron  periphery  underneath  ;  and  when  the  latter  was  of 
cast-iron,  fracture*  were  someiimes  made  by  the  concusiiun*  of  tbe  rued.  Now, 
■•  there  is  only  one  ring,  and  that  of  wrought  iron,  tbe  expansion  that  it  may 
undergo  by  severe  battering,  has  only  a  tendency  to  increase  the  tension  of  the 
rods,  and  the  stability  of  the  whale. 

It  will  be  observed  in  the  drawings  that  the  wheels  are  not  conical,  nor  dished 
as  usual,  but  cylindrical ;  which,  in  the  opinion  generally  of  those  who  have 
been  enabled  to  examine  the  subject,  unprqudiced,  causea  them  to  move  with 
lei*  reustonce  on  their  peripheries,  or  nut  tighter,  a*  the  phrase  is ;  and  they 
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will,  from  the  same  cause,  prove  le«  dettructive  to  the  road.     This  latter 

Sroperty  may  he  considered  as  ostahlished,  as  an  act  of  parliament  empowers 
le  trustees  of  the  roads  to  reduce  the  tolls  on  the  ^lindrical  wheels,  to  two 
thirds  of  the  sum  paid  for  conical  wheels  of  similar  width.  The  reason  of  these 
patent  wheels  being  called  tutpenmon  wheels,  is  that  the  nave  may  be  considered 
as  constantly  suspended  by  the  rods  above  it  to  an  inflexible  arch ;  instead  o( 
as  in  the  common  wooden  wheels,  resting  with  its  load  upon  the  particular  spoke 
that  may  happen  to  be  underneath  it ;  and  thus  it  is  argued  the  cohesive  strength 
of  the  metal  is  made  available,  which  is  undoubtedly  the  most  advantageous 
mode  of  employing  malleable  iron,  (it  having  been  proved  by  repeated 
experiments,  that  a  rod  of  wrought  iron,  an  inch  in  diameter,  is  capable  of 
sustaining  a  pull  of  twenty-seven  tons  weight ;)  and  the  weight  of  the  load  upon 
the  axles  being  thus  suspended  to  the  upper  side  of  the  wheel,  the  lower  rods 
have  to  sustain  but  a  small  portion  of  the  pressure,  and  are  not  liable  to  be 
broken  by  sudden  concussions  or  jolts.  From  the  superior  tenacity  of  the 
metal  over  wood,  the  mass  of  material  is  so  considerably  reduced,  as  to  render 
a  suspension  wheel  not  heavier  than  a  wooden  one,  which  is  applicable  to  the 
same  Kind  of  carriage  or  strain;  and  from  the  circumstance  of  tnia  diminution 
of  material  they  have  a  more  elegant  and  light  appearance,  require  less  draught, 
whilst  they  unquestionably  possess  increased  strength  and  durability. 

However  excellent  may  be  the  workmanship,  or  however  firmlv  an  ordinary 
wooden  wheel  ma^  be  put  together  in  the  first  instance,  the  wooden  felloes  that  form 
the  periphery,  bemg  constantly  exposed  to  the  effects  of  wet  and  dry,  are  continu- 
ally expanding  and  contracting;  consequently  thejoint  or  connexions  between  the 
ends  or  the  spokes  and  the  felloes,  and  the  former,  either  become  loose,  or  split 
the  felloes ;  when  this  takes  place,  the  several  parts  of  the  wheel  yield  by  little  and 
little  to  the  strain  of  the  load,  or  the  effects  of  concussions,  and  the  whole  wheel 
becomes  dislocated.  As  a  remedy  to  this  defect,  Mr.  Wm.  Howard,  the  iron- 
master of  Rotherhithe,  has  recently  proposed  some  new  arrangements  of  a  pre- 
cisely opposite  character  to  Mr.  Jones's ;  which  we  proceed  to  describe. 

Mr.  Howard's  invention  has  no  reference  whatever  to  the  nave  of  the  wheel 
but  is  confined  to  an  improved  mode  of  combining  a  wheel  at  its  periphery.  He 
employs,  as  shown  in  the  subjoined  figure,  representative  of  a  small  portion  of  a 
wheel,  an  iron  ring  a,  as  the  outside  tire ;  inside  of  this  tire  he  naa  another 
rin^  of  iron,  6,  which  stands  as  a  substitute  for  the  ordinary  felloes ;  and  to  thn, 
which  we  will  call  for  distinction  the  felloe-ring,  he  fastens  by  red-hot  rivets  cc,  a 
"  ipoke-shoe"  d  d,  made  of  the  shape  represented,  of  cast-iron,  and  containing 
a  central  cavity  or  socket,  for  the  insertion  of  the  end  of  a  spoke  e ;  of  course 
there  are  as  many  snoke-shoes  as  spokes,  which  are  arranged  equidistandy 
•round  the  inside  of  the  felloe- ring ;  when  these  have  been  all  firmly  fixed  in 


th^  manner  of  that  shown,  and  the  spokes  have  been  all  duly  fitted  into  the  nave 
and  driven  home,  and  the  outer  enoi  of  all  the  spokes  have  been  aocunitely 
ganged,  and  duly  fitted  to  the  sockete  of  the  shoes,  they  are  put  or  forced  into 
the  tame  sideways,  as  seen  at  e;  this  operation  is  performed  in  such  a  manntr 
•a  to  leave  a  space  of  about  half  an  inch  oetween  the  ends  of  the  qpokea  and  the 
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•BdioflheiockftiifoT  the  purpow  of  wedging  them  un  firmly.    Thii  ii  efiected 
in  the  following  nuiner : — Ag^it  the  squared  end  or  each  ipoke  ii  laid  a  tliin 

Cce  of  plate-iron  ji,  of  the  tame  lectiona]  area;  then  ii  driven  a  ilightly  tapered 
g  oaken  wedge  A  A,  the  foremott  end  paraing  through  a  hole  caat  in  the  ihoa 
on  the  oppoaite  tide :  and  when  the  cavity  ia  thui  cloaely  filled,  the  orojecting 
pieca  are  cutoff,  and  a  sharp  iron  wedge  i,  is  then  driven  into  the  middle  of  the 

s,  so  aa  to  render  the  force  of  contact  as  great  i 
....  „  .  ron,/,  is  then  put  into  the  cavity  represented  over 
thsahoe  by  long  red-hot  rivets  passing  through  the  whole.  All  the  shoe*  and 
apokei  baing  thus  lilted,  the  tire  ring  is  put  over  the  whole  in  e.  red-hM 
'  elate,  which,  shrinking  as  it  cools,  drawi  the  whole  together  in  a  manner  that 
give*  it  extnuirdinary  solidity. 

It  will  be  abieiTsd  that  the  principle  of  construction  of  Mr.  Howard's  wheel* 
■a  the  tame  as  that  of  Ilie  common  kind,  in  which  dependence  is  placed  entirely 
upon  the  stability  of  the  outer  ring  for  its  cohesion ;  but  it  ia  a  more  finished 
and  masterly  production,  is  conatnicled  of  more  tenacious  materials,  and  is  well 
calculated  to  obriate  the  leading  defects  before  mentioned  of  the  former.  The 
•dvocatH  for  Mr.  Jones's  wheel  object  to  Mr.  Howard's,  on  the  ground  of 
its  not  being  on  the  tension  principle.  On  this  point  we  would  observe,  that 
the  spokes  undoubtedly  are  not,  but  that  it  may  lie  fairiy  contended  that  the 
Twripheiy  is,  a*  this  must  ha  torn  asunder  by  a  longitudinal  pull,  in  order  to 
destroy  the  cohesion  of  the  wheel ;  and  the  felloe-iing  alone,  (which  never 
wear*,)  is  made  of  adequate  strength  to  bear  the  whole  strain,  without  any  of 
the  additional  support  it  derives  from  the  tire-ring  1  the  utmost  confidence  may 
therefore  be  placed  in  the  great  strength  and  durability  of  Mr.  Howard's  whecU, 
however  excellent  may  be  the  principle  of  the  former  invention. 

A  patent  was  recently  taken  out  for  a  very  strong  metallic  wheel,  by  tha 
Messrs,  Forrester,  of  Liverpool,  consisting  of  a  skeleton  of  malleable  iron,  im- 
bedded or  surrounded  with  cast  iron.  Such  wheels  are,  however,  necessarily 
Tery  heavy,  and  lees  suited  to  the  common  road  than  to  RAiLw*Ts.--For  ■ 
description  of  them,  see  the  latter  article. 

We  shall,  however,  advert  in  this  place  to  another  patent, — not  on  account  of 
•ny  novelty  it  may  be  found  to  contwn,  but  for  the  twofold  purpose  of  eluci- 
daling  a  process  that  we  had  imagined  was  commonly  practised  by  iron-mastera 
and  tire-smithe,  and  of  affording  us  an  opportunity  of  noticing  the  emmeoue 
ptjticipte  upon  which  wheels  in  general  are  constructed. 

The  specification  of  Mr.  John  Meaden,  of  Southampton's  patent,  (enrolled 
June  I S2S,)  states  his  olgect  to  be  the  construction  of  the  tire  or  hoops  of  iron, 
which  surround  carriage  wheels,  amcave  on  the  inner  surface,  next  to  the  felloea, 
and  cmM.r  on  the  external  surface;  the  objects  of  which  are  to  fix  the  tire 
more  securely  to  the  wheel,  and  to  reduce  the  friction  produced  between  the 
periphery  of  the  irheel  and  the  road.  The  apecificatian  proceeds  to  describe 
very  minutely  the  process  of  making  tires, — a  process  which  we  doubt  not  onr 
raaders  of  the  before- mentioned  callings  wiU  recognise  as  a  "  modem  antique." 
A  common  flat  wroughl-iron  bar,  of  the  proper  width  and  length,  is  to  be 
passed  between  a  pair  of  rollers,  one  of  which  has  a  concave  groove,  and  the 
other  a  corresponding  convex  projection,  so  as  to  compress  ana  bend  the  inter- 
vening bar  into  the  reijuired  form.  The  bar  thus  formed  is  next  bent  round 
into  a  hoop  of  the  required  size,  with  the  concave  side  inwards,  and  then  the 
ends  are  welded  together.  To  give  the  hoop  the  desired  conical  figure,  or 
"  dishing,"  it  is  placed  over  a  large 
cait-iron  mandril,  like  that  represented 
in  the  annexed  figure,  where  it  i*  ham- 
mered until  it  takes  the  required  fbrm. 
The  letters  a  and  b  indicate  hoops  of  dif- 
ferent sites.  To  fix  this  hoop  to  the  wheel, 
it  is  heated  in  a  flirnace  of  a  circular  form, 
•o  that  the  fire  may  act  uniformly  on  every 

Krt  In  a  large  wheel,  this  process  of 
ating  the  hoop  oauses  it  to  expaJid  about 
ona  inch  in  circamfereuee,  and  it  is  thereby 
made  large  enough  to  slip  over  the  wooden 
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wheel,  previously  prepared,  of  greater  dimensions  than  the  interior  circle  of  the 
iron  hoop,  in  the  cold  state.  Whilst  the  iron  hoop  is  being  heated*  the  wooden 
wheel  is  clamped  to  a  flat  circular  plate,  which  is  fixed  to  a  central  axis^  to 
enable  it  to  revolve ;  and  this  axis  is  fixed  upon  an  horizontal  bar,  by  which 
the  wheel  and  iron  plate  to  which  it  is  clamped  may  be  turned  in  either  a  ver- 
tical or  horizontal  direction.  Underneath  the  circular  plate  is  a  semicircular 
well  or  cistern,  containing  cold  water,  into  which  the  wheel  is  immersed  and 
turned  round  as  soon  as  the  hoop  is  put  on  it  This  application  of  cold  to  the 
hot  expanded  hoop  causes  it  to  contract  with  irresistible  force,  pressing  the 
spokes  into  the  felloes  and  nave,  and  binding  all 
the  parts  together.  The  annexed  little  figure 
exhibits  a  section  of  the  new  patent  tire,  as  ap- 
plied to  the  felloe  d;  e  representing  the  end  of  a 
spoke.  A  curved  tire  like  the  foregoing  was  made 
many  years  prior  to  Mr.  Meaden's  patent,  but  by 
simpler  and  cheaper  means, — it  being  rolled  di- 
rectly from  the  bloom  into  curved  bars ;  and  we 

think  we  remember  seeing  them  on  the  mail  coaches  more  than  twenty  yean 
ago.  The  curve  on  the  interior  side  of  the  tire  is  of  unquestionable  advantage, 
in  causing  it  to  hold  more  securely  on  the  felloes, — as  must  be  evident  frt>m  the 
preceding  figure ;  but  the  externsl  curvature  of  the  tire  is,  in  our  opinion,  of 
very  doubtful  utility.  The  rounding  of  the  extreme  edges  of  a  flat-bearing 
wheel  may  prevent  dirt  being  hitched  up  and  carried  round  with  the  wheel; 
but  even  Uiat  much  being  removed,  reduces  to  the  same  extent  the  resistance 
of  the  ground  to  the  wheel  sinking  into  it ;  and  if  the  whole  bearing  surface  be 
rounded,  it  must  evidently  penetrate  deeper  into  the  ground,  and  in  so  doing 
force  the  materials  of  the  road  sideways.  Nevertheless,  tire  of  this  construction 
is,  we  believe,  still  employed  in  our  mail  coaches.  But  however  injurious  to 
the  roads  may  be  tire  of  this  kind,  the  practice  of  giving  a  conical  form  to  the 
rims  of  carriage  wheels  is  infinitely  more  destructive,  lliis  form  has  an  evident 
tendency  to  move  in  a  different  durection  to  the  line  of  draught ;  and  the  power 
which  is  required  to  keep  it  in  a  straight  line  is  so  much  power  wasted  in  twist- 
ing the  materials  of  the  road  out  of  settings,  and  grinding  them  to  powder. 

The  cylinder  (as  Mr.  Gumming  justly  observes)  having  all  its  parts  of  equal 
diameter,  will,  in  rolling  on  its  rim,  have  an  equal  velocity  at  every  part  of  its 
circumference,  and  necessarily  advance  in  a  straight  line.  And  as  aU  the  paits 
of  the  rim  have  an  equal  velocity,  none  can  have  a  tendency  to  drag  forward  or 
impede  the  progress  of  the  others ;  they  all  advance  with  one  consent,  without 
the  rubbing  of  any  part  on  the  surface  on  which  they  rolL  As  there  is  no 
rubbing  there  can  be  no  friction,  and  consequently  a  cylinder  perfectly  round, 
hard,  and  smooth,  forms  the  least  possible  resistance,  however  great  its  weight  or 
the  pressure  on  its  rim.  It  therefore  follows,  that  all  the  power  that  is  emuoyed 
in  drawing  forward  a  cylindrical  body  in  a  straight  line  on  a  compreaaible  sub- 
stance, is  ultimately  applied  in  compressing  smooth  and  levelling  the  subatance  on 
which  it  rolls.  The  rolling  of  a  cylmdricalbody,  therefore,  can  have  no  tendency 
to  alter  the  relative  situation  or  parts  of  materials  on  which  it  passes,  nor  any 
how  to  derange  them,  but  by  a  progressive  dead  pressure  to  consoGdate,  level,  and 
smoothe  them.  If  a  cylinder  be  cut  transversely  into  several  lengths,  each  part 
will  possess  all  the  above  properties ;  and  if  the  rim  of  a  carriage  wheel  be  made 
exactly  of  the  same  shape,  it  must  necessarily  have  the  same  tendenciea.  When 
wheels  with  cylindrical  rims  are  connected  by  an  axis,  the  tendency  of  each 
being  to  advance  in  a  direct  line,  they  proceed  in  this  connected  state  with  the 
same  harmony  and  unity  of  consent  that  exist  in  the  parts  of  the  same  cylinder ; 
but,  as  conicflu  rims  have  been  universally  preferred  for  a  series  of  years,  it  is 
natural  to  suppose  that  there  were  obvious  reasons  for  such  preference.  The 
cone  diminisnmg  gradually  from  its  base  to  its  point,  the  velocity  of  eTery  part 
of  its  circumference  in  rolling  on  an  even  plane,  will  be  diminished  as  the 
diameter ;  and  at  the  very  point  where  there  is  no  visible  diameter,  it  will  have 
no  perceptible  motion  ;  but  if  the  cone  be  made  to  advance  in  a  straight  W*, 
the  natural  velocity  of  its  several  parte  will  not  be  as  the  spaces,  therefore  a 
rubbing  and  trictiou  will  take  place  at  ite  circumference,  nrom  the  diflbrent 
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▼elocitiefl  of  its  parts,  which  must  render  the  draught  heavier.  In  rolling  on 
paved  streets  nothing  can  be  conceived  more  calculated  for  their  destruction 
than  the  conical  rim  of  a  broad  wheel.     See  Carbiaoes,  Axletrbe,  &c. 

For  Teethed  Wheels  employed  in  driving  machinery,  see  that  article. 

WHERRY.  A  small,  shulow,  light  boat,  made  very  sharp  both  at  the  head 
and  the  stem,  and  adapted  for  fast  rowing  and  sailing,  especially  in  tide  rivers. 

WHIRLING-TABLE.  An  instrument  for  illustrating  the  nature  of  the 
centripetal  and  centrifugal  forces.  The  disposition  which  bodies  have  to  fly  otf 
from  the  axis  round  which  they  revolve,  may  be  beautifully  exhibited,  by  em- 
ploying a  small  bucket  filled  with  water,  and  attaching  it  to  the  hand  by  a  flexi- 
ble cord,  it  may  be  whirled  round  without  destroying  the  eouilibrium  of  the 
fluid,  or  causing  any  portion  of  it  to  be  spilled.  Precisely  in  tne  same  way  are 
the  bodies  which  revolve  round  the  sun,  kept  from  falling  into  that  luminary  by 
the  centrifugal  force  which  is  generated.  Now  the  whirling-table  is  employed 
to  exhibit  the  amount  of  this  force,  and,  by  a  combination  of  weights  and  pulleys, 
a  variety  of  bodies  are  made  to  revolve  with  different  degrees  of  speed.  The 
apparatus  usually  consists  of  a  frame  furnished  with  a  large  wheel,  round  which 
a  band  passes,  and  gives  motion  to  two  smaller  ones.  On  one  of  these  a  rod  is 
attachea  for  balls  to  slide,  and  on  the  other  a  flat  table  of  mahogany ;  and  these 
may  be  put  into  motion  with  difierent  degrees  of  speed.  The  whole  apparatus 
is  exceedingly  valuable  to  the  teacher  of  astronomy. 

WHIRLPOOL.  An  eddy,  vortex,  or  gulf,  where  the  water  is  continually 
turning  round.  Those  in  rivers  are  very  common,  from  various  accidents,  and 
are  usually  very  trivial,  and  of  little  consequence.  In  the  sea  they  are  more 
rare,  but  more  dangerous.  Sibbald  has  related  the  effects  of  a  very  remarkable 
marine  whirlpool  among  the  Orcades,  **  which  would  prove  very  dangerous  to 
strangers,  though  it  is  of  no  consequence  to  the  people  who  are  used  to  it. 
This  is  not  fixed  to  any  particular  place,  but  appears  in  various  parts  of  the 
limits  of  the  sea  among  these  islands.  Wherever  it  appears,  it  is  very  furious ; 
the  boats,  &c.,  would  inevitably  be  drawn  in,  and  be  destroyed  by  it ;  but  the 
people  who  navigate  them,  are  prepared  for  it,  and  always  carry  an  empty 
vessel,  a  log  of  wood,  or  large  bundle  of  straw,  or  some  such  thine,  in  the  boat 
with  them.  As  soon  as  they  perceive  the  whirlpool,  they  toss  this  within  its 
vortex,  keeping  themselves  out ;  this  substance,  whatever  it  be,  is  immediately 
received  Into  the  centre,  and  carried  under  water ;  and,  as  soon  as  this  is  done, 
the  surface  of  the  place,  where  the  whirlpool  was,  becomes  smooth,  and  they 
row  over  it  with  safety ;  and  in  about  an  hour,  they  see  the  vortex  begin  again 
in  some  other  place,  usually  at  about  a  mile  distant  from  the  first" 

WHIRLWIND.  This  meteorological  phenomenon  arises  from  the  con- 
vergance  of  winds  from  all  parts  to  one  point  on  account  of  an  extraordinary 
rarefaction  of  the  air  at  that  point.  The  currents  acquire  by  their  conflict  at 
the  place  of  meeting,  and  the  velocity  with  which  the  rarefied  air  rushes 
upwards,  a  centrifugal  force,  which  causes  them  to  recede  from  the  axis  of 
rotation.  When  the  centrifagal  force  thus  acouired  becomes  equal  to  the 
pressure  of  the  atmosphere,  a  space  approaching  almost  to  a  vacuum  surrounds 
the  axis  or  centre  of  motion,  and  as  the  whirl,  by  the  action  of  the  most 
prevailing  wind,  receives  a  progressive  motion,  it  is  obvious  that  the  pressure  of 
the  atmosphere  will  be  removed  from  every  object  passed  over  by  the  base  of 
the  vacuum ;  consequently  destruction  may  be  expected  to  mark  its  course. 
Partly  by  the  removal  of  the  atmospheric  pressure,  and  partly  by  the  whirlinff 
of  the  air  surrounding  the  vacuum,  loose  bodies,  a  hay-stack,  for  example,  wiU 
be  raised  with  irresistible  impetuosity,  and  dissipated  at  a  great  height. 

WHISKEY.  This  species  of  ardent  spirit  is  much  used  in  this  country  as 
well  as  in  Ireland.  It  varies  considerably  in  the  mode  of  preparation  as  well  as 
in  its  strength  and  comparative  value.  One  of  the  modes  of  procuring  it  is 
stated  in  Gray's  Operaitve  ChemUt  to  consist  in  mixing  3840  gallons  of  rye  or 
barley  ground  very  fine,  and  1280  gallons  of  coarse  CTound  pale  malt,  and 
making  it  into  a  mash,  with  8500  gallons  of  water,  heated  to  1 70^  Fahr.  There 
is  then  drawn  ofi*  1020  gallons  of  this  wort,  and  a  large  quantity  of  yeast  is 
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added  to  h ;  and  when  the  rtauaaing  vart  is  cooled  to  55°  Fthi.  eigbty  gtUona 
•f  molt  are  maihed  with  another  portion  of  1020  galloni  of  hot  water,  andthit, 
being  drawn  off)  U  mixed  with  the  fint  wort,  and  Ihe  y eaited  wort  ii  alio  added. 
Thii  Hath  ihould  have  the  ipedfic  graTity  from  1.084  to  1.110.  In  the  coune 
of  ten  or  twelve  dayi,  the  ipecifie  gravity  giodually  diniiniihei  till  it  becomei 
only  1.002,  when  the  yeut  head  falls  quite  flat;  the  waih  hai  a  vinotu  «neU 
and  taite,  and  is  fit  for  the  itill.  It  ia  calculated  that  every  aiicty-foiir  gnllont 
of  meal  and  malt  ought  to  produce  eighteen  gallons  of  spirit,  so  much  slronger 
than  proof  spirit  that  ten  gaUoni  will  malie  eleven  gal  1  on i  proof. 

In  general,  one-third  of  the  wash  is  drawn  over  at  Ihe  first  stilling,  and  the 
product  is  called  low  wines,  the  specific  gravity  being  about  0.975.  On  re- 
distilling the  low  wines,  a  milky,  fiery  tasted  spirit  comee  over  at  first ;  when 
the  running  turns  clear,  the  spirit  that  hsu  come  over  is  relumed  into  the  stilL 
The  distiliation  being  continued,  the  clean  spirit  comes  over;  and  when  the 
ninning  gets  below  a  certain  specific  gravity,  the  remaining  sphit  which  comet 
over,  until  it  ceases  to  he  inflammable,  is  kept  apart  by  the  name  of  fainti,  and 
is  mixed  with  the  next  parcel  at  low  wines  that  are  distilled.  The  proportion  of 
malt  to  the  raw  grain  is  sometimes  diminished  much  beloir  that  slated,  even  at 
low  as  only  one-tenth  of  the  raw  grain.  If  the  wort  is  not  sufficiently  heavy,  iti 
speciflc  gravity  it  brought  up,  by  adding  a  strong  infusion  of  ground  malt,  or 
Mrley  and  m^t.  The  fermentation  is  generally  carried  on  in  open  pits,  and 
hurried  as  much  as  poasible;  but  of  late  some  distillers,  considering  llint  the 
carbonic  add  gas  carried  off  much  of  the  spirit,  have  covered  the  piu  with  a 
flooring,  having  a  trap  with  a  water  joint,  to  prevent  the  loss  of  the  spirit;  this 
retards  the  fermentation,  but  the  augmentation  of  Ihe  produce,  although  alight, 
n  judged  fully  equivalent  to  the  loss  of  time. 

WINCH.     The  bent,  or  crank'faandle,  by  which  the  axes  of  machlnea  an 

WIND.    Air  put  in  motion  by  tome  .  . 

physical  cause,  so  aa  to  become  a  current 
or  stream.  Windt  are  denominated  ac- 
cording to  the  points  from  which  they 
blow;BeeCoHP*Ba.  A  variety  of  machinet 
have  been  invented  at  different  times  ftar 
aaeertaining  Ihe  strength  or  velocity  of 
the  wind;  tbe  annexed  cut  represent:' nn 
which  possesses  Ihe  adrentages  of  simjili- 

dty  of  construction,  and  of  being  unen 

in  its  indications.  It  is  thus  formed  :- 
■quare  open  frame  of  wood  or  iron,  abt, 
it  supported bv  the  abaft  d;  twocrostpiecei 
are  fixed  ate/  carrying  an  horiiontal  axis, 
which  it  moved  by  the  action  of  the  wind 
npon  four  sails,  i  i  i  i,  fixed  to  one  end  of 
the  axil,  and  dispoaed  to  be  inSuenced 
by  the  wind  in  the  usual  manner.  Upon 
this  axis  is  alto  fixed  a  conical  barrel  of 
wood,  on  the  smaller  end  of  which,  n,  is 
attached  a  line  with  a  weight,  J,  appended 
to  it  The  wind  now  acting  npon  the 
sails,  causes  the  barrel  to  revolve,  and  the 
line  to  be  wound  round  its  auperfides.  To 
prevent  any  retrograde  motion,  a  ratchet 

wheel  0,  is  fixed  to  the  base  or  larger  end  o_ ...  ._  . .       .  _.  ._ 

Into  its  notches  as  it  revolves.  It  is  evident  that  the  force  of  the  weight  wiU 
continually  increase  as  the  line  advances  towards  the  base  of  the  cone,  by  the 
power  being  applied  at  a  greater  distance  from  the  axia  or  fulcrum  ;  coniequently 
tile  variable  force  of  the  wind  may  be  readiiy  atcertwned,  by  fixing  the  line  at  the 
imallest  end,  and  marking  the  burel  with  spiral  lines,  aatakenupby  the  eoUiogtrf' 


having  a  dicker  falling 
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the  rope  round  its  luperfides ;  placing,  alsOy  between  the  line  so  drawn,  numerical 
signs  to  denote  the  force  of  the  wind ;  which  might  be  calculated  with  tolerable 
precision,  according  to  the  known  principles  of  the  lever.  The  diameter  of  the 
base  of  the.cone  should.be  such,  in  comparison  with  the  smaller  end,  that  the 
▼ery  strongest  wind  should  have  scarcely  sufficient  power  to  bring  it  on  to  the 
end  of  it 

The  different  velocities,  forces,  and  corresponding  popular  appellations  of  winds 
are  given  in  the  following  table,  derived  from  the  experiments  of  the  late  cele- 
brated engineer,  John  Smeaton ;  and  detailed  in  the  PhUotophical  Tramactums. 


Ydocitj. 


Per  hour 
Ifilet. 


1 

2 

3 

4 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

60 

80 

100 


Per  Second 
Feet. 


1.47 

2.93 

4.40 

5.87 

7.33 

14.67 

22.00 

29.34 

36.67 

44.01 

51.34 

58.68 

66.01 

73.35 

88.02 

117.36 

146.70 


Perp.  Force  on  one 

square  foot  in  Ibe 

aToirdupolB. 


.005 
.020 


Appellations. 


Scarcely  perceptible. 


.044 

Perceptible. 

.079 

Gentle  breese. 

.123 

s 

.492 
1.107 

Pleasant  brisk  gale. 

* 

1.968 
3.075 

Very  brisk  gale. 
• 

4.429 
6.027 

High  winds. 

• 

7.873 
9.963 

V  ery  high  winds. 

J 

12.300 

A  storm  or  tempest 

17.715 

A  great  storm. 

31.490 

A  hurricane. 

49.200 

A  dreadful  hurricane  that  overturn! 
buildings,  trees,  &c. 

To  which  may  be  added  a  still  more  remarkable  instance  of  the  impetuosity 
of  a  hurricane,  as  related  by  M.  Rochou.  The  velocity  of  the  wind,  as 
observed  by  him,  was  no  less  than  109  miles  an  hour,  or  159.88  feet  p^  second ; 
and  its  force  against  a  perpendicular  plane  of  a  foot  square,  was  estimated  at 
58.45  pounds  avoirdupois.  Of  the  causes  and  theory  of  winds,  many  very  able 
philosophers  have  treated  largely ;  as  Des  Cartes,  Rohault,  Bacon,  De  Luc, 
Halley,  Prevost,  Derhun,  Eles,  Muschenbroeckj  Dalton,  and  others.   We  have 
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not  room  to  introduce  even  a  short  abstract  of  their  several  theories,  but  moat 
refer  the  curious  reader  to  their  writings,  and  the  various  parts  of  the 
Philosophical  Tramactioni, 

WIND-INSTRUMENTS.  An  accurate  acquaintance  with  the  principles  of 
acoustics  is  essential  to  the  scientific  construction  of  every  species  of  musical 
instrument,  but  especially  those  which  owe  their  operation  to  the  action  of 
the  wind.  Wind-instruments  fi^enerally  produce  their  effects  by  the  vibra- 
tions of  a  column  of  air  connned  at  one  end,  and  either  open  or  shut  at 
the  other.  These  vibrations  are  determined  mainly  by  the  length  of  the 
sounding  column  ;  yet  inferior  and  subordinate  ones  are  found  to  coexist  with 
the  fundamental  one.  The  whole  column  spontaneously  divides  itself  into 
portions  equal  to  the  half,  the  third,  or  the  fourth  of  its  longitudinal  extent  In 
mixed  wind-instruments,  the  vibrations  or  alterations  of  solid  bodies  are  made 
to  cooperate  with  the  vibrations  of  a  given  portion  of  air.  Thus,  in  the  trumpet, 
and  in  horns  of  various  kinds,  the  force  of  mflation,  and  perhaps  the  degree  of 
tension  of  the  lips,  determines  the  number  of  parts  into  which  the  tube  is  mvided, 
and  the  harmony  which  is  produced.  In  the  serpent  the  lips  cooperate  with  a 
tube,  of  which  the  effective  length  may  be  varied  by  opening  or  shutting  holes  ; 
and  the  instntment  which  has  been  called  an  organised  trumpet,  appears  to  act  in 
a  similar  manner.  The  trombone  has  a  tube  which  slides  in  and  out  at  pleasure, 
and  chancres  the  actual  length  of  the  whole  instrument  The  hautboy  and  the 
clarionet  have  mouth-pieces  of  different  forms,  made  of  reeds  or  canes ;  and  the 
reed-pipes  of  an  organ,  of  various  constructions,  are  furnished  with  an  elastic 
plate  of  ^metal,  which  vibrates  in  unison  with  the  column  of  air  which  they 
contain. 

The  longitudinal  vibrations  of  a  column  of  air,  contained  within  a  tube  open 
at  both  ends,  are  powerfully  excited,  and  very  loud  and  clear  tones  produced 
by  the  inflammation  of  a  streamlet  of  hydrogen  gas.    This  curious  experiment 


iquid.      As  the  decomposition 

?roceeds,  the  hydrogen  gas,  thus  generated,  flows  regularly  from  the  aperture, 
'he  gas  being  first  ignited,  and  a  glass  tube  placed  over  the  exit-pipe,  the 
burning  speck  at  its  point  instantly  shoots  into  an  elongated  flame,  and  creates 
a  sharp  and  distinct  musical  sound.  Tliis  effect  is  not  owing  to  any  vibrations 
of  the  tube  itself;  for  it  is  in  no  way  altered  by  tying  a  handkerchief  tightly 
about  the  glass,  or  even  by  substituting  a  cylinder  of  paper.  The  tremor  ex- 
cited in  the  column  of  air  is,  therefore,  the  sole  cause  of  the  incessant  tone, 
which  only  varies  by  a  change  in  the  place  of 'the  flame,  or  a  partial  obstruction 
applied  at  the  end  of  the  tube.  The  exciting  force  must  necessarily  act  by 
starts,  and  not  uniformly.  The  column  of  air  contained  within  the  tube  is  in 
reality  agitated  by  a  series  of  incessant  strokes,  or  sudden  expansion  ;  and  it  is 
probable,  that  an  instrument  possessing  great  power  in  a  small  compass,  might 
be  thus  constructed. 

WINDLASS.   A  machine  used  on  board  ships,  chiefly  for  raising  the  anchor. 
It  may  be  regarded  as  a  modification  of  the  mechanical  power  termed  the  wheel 


two  pieces  of  wood  called  knight-heads,  which  are  placed  on  the  opposite  sides 
of  the  deck,  near  the  foremast :  it  is  turned  about  oy  levers  called  handspikes, 
which  are  for  this  purpose  thrust  into  holes  bored  through  the  body  of  the 
machine.  The  lower  part  of  the  windlass  is  usually  about  a  foot  above  the 
deck  :  it  is  furnished,  like  the  capstan,  with  strong  ironjpauls,  to  prevent  it  from 
turning  backwards  by  the  pull  of  the  cable  and  anchor,or  mm  beine  strained  by  the 
violent  jerking  of  the  ship  in  a  tempestuous  sea.  The  pauls  &U  into  notches 
cut  in  the  suruice  of  the  windlass,  ana  lined  with  plates  of  iron.  Tlie  windlass 
is  heaved  round  by  the  men  who  work  it  throwing  their  weight  upon  the  ends  of 
the  handspikes,  mivcVi,  moVm^  iVvto^i^Vi  a  much  greater  space  than  the  length 
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of  tbecablauken  up,  cobllimto.b  effect,  _  ^  _ 

d  bjr  thia  limple  mecbaniMl  amngeme'Dt  uiclion  c^  much 


«e  of  power  equal  to  much 
gretUer  apace :  nnd  by  thIa  limpla  mecbaniMl  amngemeDt  uiclion  of  mu  ' 

createt  weight  than  that  of  the  m«n  eroplojed,  btb  ruied  direct  from  the  ■> 

it  hoverer  require!  coDiiderable  dexterity  to  manage  the  handspike  to  the  molt 
advantage :  the  wlort  who  perform  it  rise  limultaneoiulj  upon  the  windlan, 
inMrt  their  leven,  tbrov  tlieir  weighti  to  the  extremitie*,  by  a  lort  of  jerk,  all 
at  the  ume  initont,  and  veigh  up  the  anchor  liz  or  eight  incliei  at  each  pull, — 
lbs  motioDioftbe  men  being  regulated  to  time  bj  the  howling  of  one  of  the  crew. 
To  aave  the  time  emplojed  b/  the  men  in  working  a  windlaM  in  railing  the 
handi^e*  from  one  ilot  to  another,  and  alio  to  give  additional  power  to  the 

_..k._. •—• -ai  recently  taken  out  by  Mr.  Qeorge  Straker,  a  ihip-builder, 

a  pervpectiTe  ikelch  of  wbow  windlaai  it  mbjoined.     The 
increftM  of  power  he  obtain*  by  fixing  on  the  barrel  of  the  windlaM,  at  one  end, 


(                                         1.. , 

I 

1          (T^ 

a  (par  wheel  a,  which  ii  acted  upon  by  a  pinion  (,  whoee  txU  turn*  in 
bearing!  which  snppcnt  the  windlaai  tliel£  Upon  each  end  of  the  pinion  azi* 
■re  fixed  two  circular  appendage*  c  c,  which  are  formed  like  two  crown  ratchet 
wheel!,  with  only  four  teeth  in  each,  placed  bee  to  face,  and  with  the  laeth 
directly  oppoiite  to  each  other,  and  only  about  an  inch  apart,  !o  ai  to  leave 
earitie*  Mtween  them  of  a  luilable  form  to  receire  handipikca  of  the  ehape 
repreiented  in  the  above  cut, — the  upper  figure  ibowing  the  (merating  end 
edgewayi,  and  the  lower  ligure  the  lame  broadwayi  j  wherein  ii  ebown  a  fork  or 
ilot  for  the  reception  of  the  axii,  when  it  i!  being  turned  round.  Thii  forked 
end  ia  of  coune  made  of  iron,  and  lufBciently  thin  to  pass  up  between  the  pro- 
jecting teeth  of  the  piece*  c  c,  when  withdrawn  a  few  inches ;  and  by  thi*  meani 
tt  can  be  raised  with  facility  ;  and  when  it  i*  pnebed  in,  its  ahouldera  d  d  reit  on 
the  prcjecting  teeth,  which  enaUes  the  men  to  turn  the  pinion,  and  through  that 
tnedium  the  windlau  acli  with  great  power.  It  will  be  perceived  that  by  (hii 
arrangement,  instead  of  having,  a*  u*ua1,  to  withdraw  the  handsciike*,  and 
iniert  them  in  a  fre!h  hole  averv  time  they  aie  brought  down  to  the  deck,  they 
have  only  to  be  withdrawn  until  their  ihoulden  can  pasi  outside  of  the  project- 
ing teeth,  moved  past  a  lecond  pair  of  teeth,  and  then  returned  again,  till 
tbe  ihoulden  rest  nrmly  upon  them.  This  ii  evidently  a  very  convenient  and 
excellent  method  of  working  a  wbdIaM,  and  might  be  applied,  as  itated  by  the 
patentee  in  hi*  specification,  to  windlaMes,  without  the  intervention  of  the  spur- 
wheel  and  pinion. 

WINDMILL.  A  mill  of  any  kind  actuated  by  the  impulie  of  tbe  wind. 
Tliey  are  of  two  kindi — verficaittii  horii«nlal. 

Vertical  windmilli  (to  which  a  decided  preference  hai  been  hitherto  given) 


894  WINDMILL. 

usually  consist  of  a  strong  shaft  or  axis  inclining  a  little  upwards  firom  the 
horizon,  with  four  long  yards  or  arms  fixed  to  the  highest  end,  perpendicular  to 
the  shaft,  and  crossing  each  other  at  right  angles.  Into  these  arms  are  mortised 
several  small  cross  hars,  and  to  them  are  fastened  two,  three,  or  four  long  bars, 
running  in  a  direction  parallel  with  the  length  of  the  arms;  so  that  the  bars 
intersect  each  other,  and  form  a  kind  of  lattice-work,  on  which  the  cloth  is 
spread  to  receive  the  action  of  the  wind.  These  are  called  the  sails,  and  are  in 
the  shape  of  a  trepezium,  usually  about  nine  yards  lone  and  two  wide.  The 
direction  of  the  wmd  being  always  very  uncertain  and  variabley  it  becomes 
necessary  to  provide  some  contrivance  for  bringing  the  sails  into  a  proper  posi- 
tion for  receiving  its  impression.  Two  methods  have  been  devised  for  this 
purpose,  one  of  which  is  denominated  the  post-mill^  the  other,  the  smock-mill. 

The  post-mill  is  so  called  from  the  circumstance  of  the  mill  being  built  round 
a  massive  central  post,  made  out  of  the  whole  trunk  of  a  stout  tree,  which  is 
sunk  vertically  in  the  ground^  and  supported  in  its  position  by  oblique  struts  or 
braces,  which  extend  from  a  platform  on  the  ground  to  the  middle  of  the  post, 
leaving  10  or  12  feet  of  the  upper  part  free  from  the  braces.  The  part  thus  left 
free  from  obstruction  is  rounded  and  made  to  pass  through  a  circular  collar, 
formed  in  the  flooring  of  the  lower  chamber,  and  to  enter  into  a  socket  fixed 
into  the  flooring  of  the  upper  chamber,  and  to  one  of  the  strongest  cross-beams, 
which  must  sustain  the  whole  weight  of  the  mill-house ;  so  that  by  means  of  a 
pivot,  or  gudgeon,  fastened  on  that  part  of  the  post  which  enters  into  the  socket, 
the  whole  machine  can  turn  about  horizontally  to  face  the  wind.  A  strong 
framing,  united  by  joints  at  the  back  of  the  mill-house,  descends  in  a  sloping 
direction  to  the  ground,  and  is  there  fastened  to  short  posts,  when  placed  in  the 
position  required  for  the  sails  to  be  acted  upon  by  the  wind.  To  this  frame  a 
ladder  is  attached,  which  leads  into  or  out  of  the  mill-house.  To  the  bottom  of 
this  frame  a  rope  is  fastened  and  conducted  to  tackle  in  the  mill-house,  by  which 
the  frame  can  be  lifted  from  the  ground,  while  its  position  is  being  changed,  in 
the  inanner  of  a  capstan  post,  to  suit  the  wind. 

The  smock-mill  aoes  not  depend  upon  a  central  post  for  its  main  support,  but 
it  is  generally  a  strong  independent  building,  the  upper  portion  of  which  is 
usually  a  tower  of  the  form  of  a  truncated  cone,  constructed  of  wood,  and 
mounted  upon  a  vertical  wall  of  masonry,  containing  two  or  three  floors,  where 
the  work  of  the  mill  is  performed, — the  tower  above  containing  a  vertical 
shaft,  by  which  the  motion  and  force  is  communicated  from  the  sails  to  the 
mill-stones.  The  head  or  cap  in  the  upper  part  of  the  mill  is  provided  with 
a  cap,  which  is  contrived  so  that  it  may  turn  itself  aboat  as  the  wind  changes  ; 
for  this  purpose  there  is  a  nearly  horizontal  framed  projection  at  the  back  part 
of  the  head,  which  carries  some  small  sails  acting  as  a  vane,  there  being,  con- 
centric .with  the  axis,  a  large  grooved  ring,  around  which  a  circular  hoop, 
provided  with  anti-friction  rollers,  traverses^ 

The  velocity  of  motion  of  the  sails  or  vanes  is  very  considerable.  Mr.  Fer- 
guson calculated  the  motion  of  the  tips  of  the  sails,  even  when  operated  upon 
by  a  very  moderate  wind,  to  be  thirty  miles  per  hour. 

Horizontal  windmills,  as  their  name  implies,  are  such  as  are  worked  by  their 
sails  revolving  in  a  horizontal  plane.  All  disinterested  authors  who  have  writ- 
ten on  this  subject  condemn  them,  as  being  very  inferior  in  efiect  to  those  of 
the  vertical  kina.  Smeaton  considered  their  effect  to  be  only  one-eighth,  but 
Dr.  Brewster  shows  that  they  have  from  one-third  to  one-fourth  of  the  efi^t  of 
the  vertical.  It  is  probable,  however,  that  means  may  be  discovered  of  improv- 
ing them  considerably. 

To  ascertain  the  best  form  and  position  of  windmill-sails,  Mr.  Smeaton  insti- 
futed  a  series  of  experiments,  of  which  the  residts  are  given  in  the  subjoined 
table : — 
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WINDOW. 


WINDOW.  An  aperture  in  the  wall  of  a  building,  fbr  the  ftdmianon  of 
light  and  air.  Modem  windowi  are  almoit  unifondly  fiimiihed  with  glued 
frkraet,  that  open  and  close,  beiidea  Bhulten  and  bljndi,  by  which  the  •dmiMira 
of  the  light  and  air  may  be  easily  regulated  at  pleaiure. — Sec  the  Aitjcla 
Glaiino.  In  thig  place  we  propoie  to  notice  several  iDiprorementa  which 
have  of  late  years  been  made  in  the  mechanical  construction  of  windowi. 

It  has  frequently  been  a  subject  of  complaint,  that  our  public  edifices  are 
either  iniufliciently  provided  with  the  means  of  ventilation,  or  the  srrangemeDti 
for  that  purpose  are  very  inconvenient  The  oldest  mode  with  which  we  ue 
acquainted  is  that  of  caiements  hung  upon  hinges,  and  fastened  by  a  laicb.  A 
later  and  more  improved  method  was  to  hang  the  casements  so  a*  to  swing 
upon  centre  pivots ;  the  opening  and  shutting  of  these  casements  by  pulleys  and 
lines  is  always  accompanied  with  noise,  and  they  aSbrd  no  defence  from  a 
shower  of  rain,  nor  to  the  prejudicial  effects  of  the  cold  air  descending  on  the 
heads  of  the  persons  assembled  near  to  the  windows.  Another  mode,  Utely 
introduced,  is  to  cut  out  of  the  windows  a  space  to  receive  the  half  of  «  flaxed 
hopper,  which  is  attached  to  the  window,  projecting  inwards,  having  s  Stp  on 
the  top,  lying  horizontally,  and  opening  upwards.     These  hopper*  are  extremely 
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n  them ;  which  dust  is  blown  into  tbe  building  when  the  flap  ii  opened  fbr  u 
admission  of  air.  To  remedy  these  inconveniences,  Messrs.  W.  and  IX.  Baily 
■ome  years  ago  invented  the  arrangement  delineated  in  the  preceding  page ; 
by  which  a  ready  mode  of  action  on  the  upper  part  of  the  window  is  obtained 
by  very  simple  machinery,  while  the  symmetry  of  the  window  is  preserved. 
^g.  1  gives  a  (rant  inside  view  of  a  window,  with  the  apparatus  attached,  and 
Jig.  2  is  a  side  view  of  the  same ;  a  shows  the  fl^  of  the  window  open ;  6  £  a 
bar  to  which  the  base  of  the  flap  is  fixed,  and  on  which  it  turns  j  e  a  lever, 
having  one  end  fastened  to  the  extremity  of  the  bar  b,  and  fUmished  at  the 
other  end  with  an  eye,  which  receive)  the  pin  or  stud  d;  Ibis  stud  ia  fixed  on 
the  vertical  tod  e,  which  terminate*  below  in  a  rack  /,  and  ia  secured  in  an 
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upright  ponton  by  Iheloopa  or  guide!  9^.  tbrough  which  itpanet;  A  u  a  Ian- 
thom  piQioa  of  two  toech,  which  vhen  lur]i(>(l  round  by  meani  of  [he  winch  i, 
tak«  inio  the  tiotchei  of  the  rack,  and  conicqufnily  drsva  down  the  rod  e,  or 
raiaea  it,  according  to  the  direction  in  which  the  wincli  ii  turned.  In  the  lint 
ca«e,  the  atud  d  draw*  the  lever  down,  and  conaequentlv  opem  the  window ;  in 
the  latter  the  ilud  ia  raised,  and  with  it  the  lever,  which  thuli  the  window.  It 
may  be  proper  to  observe,  that  in  caae  of  the  upper  pnrt  of  the  window  being 
aquare,  and  not  having  any  mullions,  it  will  be  found  neceMary  (to  prevent  tha 
CDtnuice  of  the  air  at  the  side  of  tlie  casement,  when  it  opens)  to  have  a  frame 
witb  two  angular  aides  attached  to  tlie  windowa,  and  IheM  sides  must  have  a  small 
relum  rebate  for  the  casement  to  fall  against  when  it  ia  fully  opened,  which  will 
prevent  any  inconvenience  arising  from  the  form  of  the  wmdow. 

Servants  and  others  employed  in  the  cleaning  and  repairing  ot  such  window* 
in  general  provide  so  indifferently  for  their  security,  while  employed  o 


accidenti  have  occurred. — some,  of  the  most  deplorable 
Lion  of  the  sash   windoivs  that  we  have  now  to  notice. 
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Dt  only  efleclually  prevent  these  accidenla,  but  will  remain  a  permanent 
...  nience  to  the  house  in  wliicli  they  may  be  adopted.  In  appearance  these 
■ashes  resemble  those  of  the  common 
kind,  and  the  upper  and  lower  aaah 
may  be  moved  up  and  down  in  a  si- 
milar manner.  The  outside  of  the 
aaah  may  also  he  turned  into  the  room, 
•othat  it  may  beeasilj  painted,  glazed, 
or  cleaned,  by  aperson  standing  with- 
in the  room,  without  the  necessity  of 
removinc  the  slips  or  beadinga;  by 
doing  which  the  glass  ii  frequently 
broken,  and  the  beada  lost,  left  loose, 
or  diamalched,  and  a  considerable  ex- 
pense incurred.  The  frame  of  the 
window  is  lilted  with  grooves,  weights, 
and  pulleys,  in  the  usual  manner ;  the 
fiUets  on  the  sash  are  not  made  in  the 
aame  piece  with  the  aash  frame,  but 
futeoed  thereto  by  pivota,  about  the 
middle  of  the  sash;  upon  these  pivota 
the  loah  is  turned  round  at  pleasure, 
M  as  to  get  at  the  outside  without  dis- 
turbing the  fiUela  or  grooves.  When 
the  lash  is  placed  vertically  (aa  the 
lower  one  in  the  figure)  a  spring  catch  on  each  aide  of  it  shoota  into,  and  takes 
hold  of  Ibe  sliding  hlleti ;  so  that  in  (his  case  the  aaah  alidea  up  or  down  in  the 
usual  manner,  but  can  be  immediately  released,  and  turned  iniide-out  by 
pushing  back  the  springs,  and  at  (he  same  time  pullingthe  aash  inwards.  This 
invention  originated  with  Mr.  Marshall,  who  communicated  it  to  the  Society  of 
Arts  ;  but  the  invention,  with  some  unimportant  modifications,  was  subsequently 
patented  by  Mr.  Tucly,  probably  from  i^orance  of  Mr.  Marshall's  prior  claim*. 
We  notice  this  fact,  as  windows  of  this  kind  are  sometimes  called  Marshall's,  and 
ototheraTucly's  patent  revolving  windows.  On  account  of  the  additional  expensa 
(from  six  to  twelve  shiUings)  of  these  windows  above  the  ordinary  kind,  the 
builders  do  not  encourage  them ;  but  this  additional  sxpente  is  scarcely  worthy 
of  notice  by  a  private  in^vidual  in  building,  when  the  important  advantage* 
it  confer*  are  taken  into  account 

To  keep  tha  sashes  of  ordinary  windows  at  equal  diatancet  from  the  sides,  *o 
that  they  may  not  be  impedtd  in  drawing  up  and  down,  (aa  is  ollen  the  case, 
on  account  of  the  sash  swinging  aa  it  is  suspended  by  the'top,)  Mr.  Woolwich 
haa  proposed  the  simple  appendage  represented  in  the  annexed  cut  Fia.  1  i* 
«  plate  of  iron  two  inches  long  by  one  inch  wide ;  to  th«  lower  part  uf  which  i* 
fixed  ■  ipring  b,  that  eanie)  a  roller  at  its  upper  end,  and  at  e  c  are  two  hole* 
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to  ftdmil  tcrews  to  fit  it   lU  application  to  a  uah  ii  ihonrn  at  dd.    The  groove 
may  be  cut  in  the  side  of  the  lash  lufBciently  deep  for  the  whole  to  be  buried 
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when  the  spring  bforced  in,  at  the  elaaticit;  of  the  spring  will  project  the  mller 
lufBeiemly  to  steady  tlie  sash. 

One  of  the  principal  objcctioni  to  sliding  sasliei  in  shop  windows,  is  the  ne- 
cessity in  most  cases  of  making  a  broad  casing  for  ibe  balance  weights  to  pan 
up  and  down,  which  excludes  Ibe  light,  and  lo  much  space  for  the  enhibilion  of 
goods,  and  is  besides  unsiglitly.  according  to  the  prevailing  taste  in  these 
matters.  To  obviate  these  objections,  sliding  sasljei  have  somelimes  been  made 
with  a  long  train  of  pulleys  and  lines,  to  carry  the  weighM  to  a  distant  lituetion, 
where  there  would  be  the  least  incumbrance.  Mr.  Lockart,  of  Polatid-atreet, 
has  however  faigeniuuily  contrived  to  place  the  weights  in  a  horiiontal  position 
above  the  window,  which  it  a  very  conveni^t  sittutioD,  and  tlie  meana  adopted 
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for  that  purpose  are  calculated  to  work  well.    Fig.  I  b  the  annexed  tkelchct 
lepreMDU  an  elevation,  and  Fig.  2  a  plan,  the  correspoDdingleiiten  in  each 
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referring  to  timilar  ttarta.  u  is  the  upper  sash  doted ;  /  the  bwer  Hwh  partly 
opened ;  a  the  weignt  to  the  upper  window ;  o  the  weight  to  the  lower  window ; 
e  e  are  the  pulleys  on  which  the  lines  run.  The  dark  space  above  the  window 
has  been  drawn  too  large  in  proportion  to  the  other  parts,  but  with  the  view  of 
showing  the  arrangement  more  clearlv.  When  the  lower  sash  /  is  pulled  down, 
the  weight  o  is  drawn  close  up  under  the  pulleys,  the  curved  pieces  being  cut  out 
of  the  weights  for  that  purpose.  When  the  upper  sash  u  is  brought  down,  the 
weight  a  is  drawn  up  close  to  the  pulleys. 

To  arrange  these  several  parti  to  act  properly,  it  will  be  necessary  to  observe 
the  depth  of  the  casing  above  the  window,  where  the  weights  are  to  move  ;  if 
that  be  (for  instance)  the  fourth  part  of  the  range  of  the  sashes  in  their 
grooves,  then  the  pulleys  on  which  the  lines  that  suspend  the  sashes  are  coiled, 
must  be  four  times  the  diameter  of  their  axes,  that  take  up  the  lines  from  the 
weights.  As  by  this  arrangement,  the  weights  only  move  tnrough  a  fourth  part 
of  the  space  of  the  sashes  in  the  same  time  (by  the  cords  passing  round  pulleys 
showing  these  relative  proportions,)  it  follows  that  the  weights  must  be  four 
times  the  weight  of  the  sashes  to  balance  them  ;  and  to  save  space,  the  weight! 
should  be  of  lead.  By  this  arrangement  it  will  be  observed  that  there  is  only 
one  case  for  the  weiehts  instead  of  two,  and  that  the  situation  above  the  window 
is  more  convenient  for  repair  than  at  the  sides.  For  pastry-cooks,  butchers,  and 
market  shops  generally,  this  improvement  ofibrs  great  convenience  and 
advantage. 

Mr.  Thomas  Prosser,  an  architect  of  Worcester,  patented,  in  1830,  «  certain 
improvements  in  the  construction  of  window-sashes,  and  in  the  mode  of  hanging 
the  same,"  which  appear  to  us  deservine  the  attention  of  the  reader.  He 
proposes  to  attach  the  upper  and  lower  sashes  to  the  same  lines  which  pass  over 
a  pulley  attached  to  each  side  of  the  frame  near  the  top  of  the  window.  These 
are  of  die  kind  usually  called  side  pulleys,  which  have  their  axes  at  right  anglea 
to  the  tiyfaces  to  which  they  are  attached.  The  small  frames  in  which  the 
puUeya  turn  are  movable,  in  dovetailed  grooves,  in  the  window-frames,  and 
adjustable  by  a  screw  to  regulate  the  tension  of  the  sash  lines.  The  two  sashes 
are  thns  made  to  balance  each  other,  entirely  obviating  the  necessity  for  the 
metallic  counterpoises  usually  employed  to  facilitate  the  raising  and  lowering  of 
the  sashes.  From  this  description  it  will  be  perceived  that  one  of  the  sashea 
cannot  be  moved  without  moving  the  other,  so  that  the  opening  can  never  be 
made  entirely  at  the  top  or  bottom  of  the  window,  but  an  ec^ual  portion  of  it 
will  be  at  each. 

The  method  of  attaching  the  lines  to  the  sashes  consbts  in  tying  neatly 
to  the  ends  of  the  lines  small  pieces  of  metal,  with  longitudinal  rectangular 
alits,  which  pass  over  T  studs  nxed  into  the  sashes,  with  their  heads  across, 
by  which  the  lines  are  secured  from  being  accidentally  detached  when  once  they 
are  hooked  on.  Instead  of  the  beads  which  are  generally  fixed  to  the  frame  on 
each  side  of  a  window-sash,  as  guides  to  keep  it  in  its  place  while  stationary, 
and  to  preserve  their  perpendicular  position  while  elevated  or  depressed,  this 
patentee  fixes  a  single  rod  into  the  frame,  which  fits  accurately  into  a  groove  in 
the  side  of  the  sash.  This  constitutes  a  fitting  lees  pervious  to  the  weatoer  than 
that  usually  adopted,  at  the  same  time  that  it  affords  great  facility  in  cleaning 
the  windows ;  for,  as  the  guide-rod  of  the  lower  sash  docs  not  extend  more  than 
half-way  down,  so  that  the  lower  sash  being  elevated  to  the  top  of  the  window, 
escapes  its  guide->rod,  and  may  be  turned  inside-out,  and  the  upper  sash  being 
lowered  to  the  bottom  may  be  similarly  reversed ;  so  by  this  means  all  parts 
of  the  window  can  be  brought  within  reach  of  a  person  in  the  room,  for  the 
purpose  of  cleaning  or  repairing. 

We  now  proceed  to  describe  a  mode  of  securing  house  and  shop  windows 
from  the  depredations  of  robbers,  which  is  applicable  also  to  doors,  gates,  safes, 
&c.,  which  was  the  subject  of  a  patent  granted  to  Messes.  Don  and  Smith,  of 
Pentonville ;  and  consists  in  the  construction  and  adaptation  of  metallic  shutters, 
arranged  horizontally,  in  such  manner  that  when  the  window  or  door  is  closed, 
each  shutter  forms  a  handsome  panel;  and  when  opened,  they  are  entirely 
withdrawn,  and  deposited  behind  the  entablature,  or  in  the  brickwork  above  or 


below  the  window.  The  patentee!  likewise  oliim  tlie  public  patroiuge  for 
another  prapeMy  pouessed  by  their  meLallie  ihutlen, — tliat  of  a  ready  conver- 
lion  into  auo-blinda  ;  but  there  will  doubtleu  be  many  exception*  taken  to  the 
employment  of  ao  quicli  a  conductor  of  lieat,  and  of  lo  ponderous  a  material  ai 
iron,  far  such  a  purpose.  But  whatever  may  be  the  aubitance  used,  the  obti- 
■ting  of  the  aeceuiiy  of  aun-blindu  u  a  separate  appendage  is  worthy  of 
conaideialion. 

la  the  annexed  engraving  is  represented  a  perapccdve  view  of  the  comer- 
house  of  a  itreet,  in  which  the  metaUic  shutteri  and  aun-blindi  are  exhibited  a> 
applied  thereto.     At  n  is  it  shop-window,  and  at  b  a  ahop-door,   over  which  is 


pBJected  two  of  tlie  metalhc  ahutlers  aa  a  sun-blind,  having  also  end  blinds  of 
ailk  eloth  or  other  desirable  tuhatance,  in  the  form  of  sectora  of  circles.  In  thia 
caae  the  third  shutter,  wliich  forms  the  set,  is  drawn  up  and  depoaiied  behind 
the  entablature.  Oij  llie  first  floor  above  the  ahop,  c  c  enhibils  the  application 
of  the  same  thing  on  a  small  scale  to  private  windows.  At  il  is  shown  a  window 
unclosed  ;  that  is,  the  shutters  are  supposed  to  be  withdrawn  entirely,  and 
deposited  immediately  above  or  below  it,  as  the  patentees  adapt  them  to  both 
situations.  At  «  ia  a  window  entirely  closed  by  the  shutten,  presenting  a 
barrier  against  burglars,  said  to  be  bullet-proof ;  and  at  o  is  shown  one  of  the 
shop  windows,  ainiilarly  closed.  The  shutters  are  made  in  the  following  manner. 
Having  delermined  the  number  of  plates  or  panneU  a  shutter  is  to  contun, 
(usually  three  ur  four,)  the  iron  or  steel  plates  are  well  hammered  in  the  manner 
f.f  saw  pktes,  so  as  to  condense  the  metal  and  flatten  the  surfaces.  The  [jjilet 
ure  then  enclosed  in  grooves  made  in  a  rectangular  frame  of  bar-iron,  and 
strongly   rivettcd   iVerelo.      Thi«  framed,   they   are   connected    together   at 
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pteamre,  by  tbe  lower  horiiontal  bar  of  one,  and  the  upper  one  at  the  next 
being  cut  into  acute  anglei,  that  hook  into  one  another ;  and  they  are  thui 
drawn  up  or  let  down  in  lucceasion,  by  iliding  vith  their  vertical  lideK  in  deep 
^rooTei  cut  in  ban  of  wrought  iron,  which  form  the  ityle*  In  the  window.  The 
upper  portion  of  these  grooved  metallic  itvlei  ii  made  to  separate  from  the 
lower,  by  tuning  upon  a  pivot  or  hinge  joint,  at  the  top  of  the  window,  by 
which  means  the  ihuttera,  white  contained  in  Itie  grooves,  may  be  projected  out 
to  an  angle  of  about  60  degrees  from  the  perpendicular,  and  form  the  lun- 
blindi.  "oie  patenteei  have  designed  several  movements  for  raising  orlowarine 
the  ihuttert ;  hut  we  adopt  that  which  is  specified  under  the  patent,  wiUi 
Tcfereuce  to  the  annexed  sectional  figure.     From  a  and  b  to  e  and  d,  ii  one  of 


the  nde  style*  to  tbe  window;  from  a  to  /  ia  a  continuation  of  the  style  and 
frame  behind  the  entablature,  where  oil  the  three  shutters  g,  h  and  i,  are  drawn 
up  and  deposited,  when  the  shutter*  are  not  in  use.  1'he  groove  for  the  upper 
■butter  g  doe*  not  permit  it  todescend  lower  than  b,  nor  does  the  groove  for  tbe 
middle  shutter  h  permit  that  to  descend  further  than  c,  but  the  groove  for  the 
lower  shutter  i  ia  extended  from  the  top  /  to  tbe  bottom  d.  The  sun-blind  i* 
projected  only  when  they  are  all  down,  by  which  mean*  the  two  upper  shutter* 
are  unlocked  from  the  lower,  and  the  latter  ia  afterward*  drawn  up  to  the  lop, 
a*  ebown  in  tlie  figure.  To  the  movable  part  of  the  style  i*  fixed  a  curved 
rack  k,  the  teeth  of  which  ^eer  into  those  of  a  pinion  I;  the  axisof  thi*  pinion 
carries  a  winch  in,  by  tummg  which,  the  aun-blind  ia  thrown  out,  or  drawn  in. 
To  steady  the  motion  of  the  blind,  the  movement  described  ii  madelo  commu- 
nicate with  a  similar  rack  and  pinion  on  the  opposite  side  of  the  window  ;  for 
thi*  purpose  there  is  placed  on  the  axis  of  the  pinion  I  behind  it,  a  f  njall  chain 
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pulley,  round  which  an  endless  pitched  chain  n  passes,  and  also  oyer  a  similar 
pulley  o ;  the  axis  of  the  last  mentioned  is  a  long  shaft,  extending  horizontally 
across  the  window  (ahove  the  glass)  to  the  opposite  side,  where  a  corresponding 
apparatus  projects,  and  supports  that  side  or  the  sash  blind.  In  order  to  fix 
the  blind  at  any  required  angle  that  it  may  be  desired  to  project  it,  there  is  on 
the  axis  of  t,  a  ratcnet-whee(  with  a  pall  above  />,  which  falls  into  the  teeth  on 
its  periphery,  and  prevents  its  return  without  being  lifted  up. 

The  side  or  end  blinds,  one  of  which  is  represented  at^,  are  made  of  cloth,  or 
other  flexible  substance ;  one  side  is  attached  to  the  projecting  part  of  the  style, 
and  the  other,  passing  through  a  long  and  very  narrow  slit,  is  attached  to  a  conicsl 
roller  r ;  when  the  shutters  composing  the  blind  are  drawn  in,  the  conical  roller 
is  turned  by  means  of  a  descending  weight  «,  which  then  winds  upon  it,  in  even 
layers,  the  sectorial  blind.  To  the  middle  of  the  lower  edf^e,  and  at  the  back  of 
the  bottom  shutter  i,  a  suitable  line  or  chain  is  attached.  This  line  is  carried  up 
vertically,  then  passes  over  a  pulley  at  the  top  of  the  frame,  and  from  thence  over 
side  pulleys  down  to  a  barrel  on  one  side,  on  which  the  cord  is  wound.  The 
lower  ledge  of  the  shutter  t  has  likewise  a  projecting  ledge ;  on  the  drawing  up 
of  the  lower  shutter,  therefore,  by  the  cord  and  winch  described,  the  bottom 
edges  of  the  middle  and  upper  shutters  come  in  contact  with,  and  rest  upon  the 
ledge,  and  are  thereby  carried  up  altogether  into  the  casing  behind  the  entabla- 
ture ;  to  keep  the  shutters  in  the  situation  they  are  thus  put,  a  pall  drops  into 
the  teeth  of  another  ratchet-wheel  placed  on  the  axis  of  the  winding  barrel. 

Subsequent  improvements  have  been  effected  upon  the  foregoing,  which 
chiefly  consist  in  substituting,  for  the  movement  we  have  described,  long  re- 
volving screws  extending  from  top  to  bottom  on  each  side  of  the  window.  A 
simultaneous  motion  is  effected  in  the  screws,  by  means  of  a  bar  extending  across 
the  bottom  of  the  window,  and  connecting,  by  bevil  wheels,  both  screws  with  a 
winch  handle  by  which  they  are  turned.  Upon  the  screws  are  fitted  nuts,  to 
which  are  attached  the  shutters ;  and,  therefore,  by  the  operation  of  tummg  the 
handle,  the  shutters  are  steadily  raised  or  lowered  into  or  out  of  their  case. 

WINE.  A  term  applied  by  chemists  to  all  liquids  that  have  beconft 
vinous  by  fermentation  ;  but  it  is  popularly  considered  as  confined  to  saccharine 
vegetable  substances  that  have  been  converted  into  a  vinous  liquid.  It  seemi 
to  be  a  necessary  condition,  that  sugar  must  be  present  in  a  vegetable,  to  enable 
it  to  ferment  and  become  vinous ;  but  this,  according  to  late  discoveries,  will 
not  exclude  starch,  gum,  and  other  similar  products,  which  are  capable  of  being 
converted  into  saccharine  matter.  Lavoisier  stated  that  pure  sugar  alone  would 
not  ferment,  but  that  some  extractive  matter,  or  yeast,  must  be  added  to  enable 
it  to  undergo  the  vinous  fermentation  ;  and  he  considered  that  the  effects  of  thii 
fermentation  consisted  in  separating  the  suear,  which  is  an  oxide,  into  parts ; 
in  oxygenating  the  one,  at  the  expense  of  the  other,  to  form  carbonic  acid ;  in 
disoxygenating  the  other  in  favoiu:  of  the  first,  to  form  a  combustible  substance 
termed  alcohol ;  so  that,  were  it  possible  to  combine  these  two  substances, 
the  alcohol  and  the  carbonic  acid  might  reproduce  sugar.  It  is  necessary  to 
remark,  that  the  hydrogen  and  carbonic  do  not  exist  in  the  state  of  oil  in  alcohol, 
being  combined  with  a  portion  of  oxygen,  which  renders  them  miscible  with 
water.  These  three  principles,  therefore,  the  oxygen,  the  hydrogen,  and  the  car- 
bonic, are  here  in  a  kind  of  equilibrum ;  and,  in  fact,  by  causing  them  to  pass 
through  a  red-hot  tube  of  glass  or  porcelain,  we  may  recombine  them,  two  and 
two  together,  and  the  product  will  be  water,  hydrogen,  carbonic  acid,  and  carbon. 

In  all  wines  may  be  distinguished  an  acid,  alcohol,  tartar,  an  extractive 
matter,  aroma  or  odour,  and  a  colourless  principle, — the  whole  being  diluted  or 
dissolved  in  a  smaller  or  larger  proportion  of  water.  An  acid  exists  in  all  wines,  but 
all  are  not  acid  in  the  same  degree.  Of  some  wines  a  natural  acidity  is  the  prin- 
cipal characteristic  ;  those  produced  from  grapes  not  perfectly  ripe,  or  that  grow 
in  moist  climates,  are  of  this  kind ;  whilst  such  as  are  the  product  of  the  fermenta- 
tion of  grapes  that  have  attained  complete  maturity  ana  sweetness,  contain  but 
a  very  small  quantity  of  acid.  The  proportion  of  acid  appears,  therefore,  to  be 
in  the  inverse  ratio  of  the  saccharine  principle,  and  conseciuently  of  the  alcohol, 
uhich  is  produced  by  llie  decomyosition  of  the  sugar.     Alcohol  forms  the  true 
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cliaracteristic  of  wine.  It  is  the  product  of  the  decomposition  of  sum ;  and  its 
quantity  is  always  pro|)oitionate  to  that  of  the  sugar  that  has  been  decomposed. 
Alcohol  abounds  more  in  some  wines  than  it  does  in  others;  those  of  hot 
climates  contain  a  large  quantity  of  it;  whilst  those  of  cold  climates  contain 
scarcely  any.  Ripe  and  sweet  grapes  produce  it  in  abundance ;  but  the  wines 
made  of  grapes  that  are  unripe,  watery,  and  sour,  3rield  very  little. 

The  following  is  Mr.  Brande*s  valuable  table  of  the  quantity  of  alcohol  in 
different  kinds  of  wine  and  spirituous  liquors : — 

Proportion  of 

Alcohol  per  cent. 

bjrmeaflure. 

1.  Lissa,  average  of  two  samples 25.41 

2.  Raisin  wine,  average  of  three  samples .     .    .    .  25.12 

3.  Marsala,  average  of  two  samples 25.9 

4.  Madeira,  average  of  four  samples 22.27 

5.  Currant  wine 20.55 

6.  Sherry,  average  of  four  samples 19.17 

7.  Teneriffe 19.79 

8.  Colares 19.75 

9.  Lachryma  Christ! 19.70 

10.  Constantia,  white 19.75 

11.  Ditto     .    .red 18.92 

12.  Lisbon 18.94 

13.  Malaga,  (1666) 18.94 

14.  Bucellas 18.49 

15.  Red  Madeira,  average  of  two  samples  .    .    .     .  20.35 

16.  Cape  Muschat 18.25 

17.  Cape  Madeira,  average  of  three  samples  .     .    .  20.51 

18.  Grape  wine 18.11 

19.  Calcavella,  average  of  two  samples      ....  18.65 

20.  Vidonia 19.25 

21.  Alba  Flora 17.26 

22.  Malaga 17.26 

23.  White  Hermitage 17.43 

24.  Roussillon,  average  of  two  samples      .     .     .    .  18.13 

25.  Claret,  average  of  four  samples 15.10 

26.  Malmsey  Madeira 16.40 

27.  Lunel 15.52 

28.  Sheraaz 15.52 

29.  Syracuse »  15.28 

30.  Sauteme 14.22 

31.  fiureundy,  average  of  four  samples     ....  14.57 

32.  HocK,  average  of  three  samples 12.08 

33.  Nice 14.63 

34.  Barsac 13.86 

35.  Tent 13.30 

36.  Champagne,  average  of  four  samples  .     .     .    •  12.61 

37.  Red  Hermitoge 12.32 

38.  Yin  de  Grave,  average  of  two  samples    •    .     .  13.37 

39.  Froniignac     .    .     .     : 12.79 

40.  Cote  Rotie 12.32 

41.  Gooseberry  wine 11.84 

42.  Orange  wine,  average  of  six  samples,  made  by  a 

London  manufacturer 11.26 

43.  Tokay 9.88 

44.  Elder  wine •    .     .    .  9.87 

45.  Cider,  highest  average 9.87 

Ditto    lowest    ditto «  5.21 

46.  Perry,  average  of  four  samples 7.26 

47.  Mead 7.32 
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Proportion  of 

Alcohol  per  cent* 

bjmeMore. 

48.  Ale,     (Burton) 8.88 

Ditto  (Edinburgh) 6.20 

Ditto  (Dorchester) 5.56 

49.  Brown  Stout 6.80 

50.  London  Porter,  average 4.20 

51.  Ditto  Small  Beer,  ditto ].28 

52.  Brandy 53.39 

53.  Rum 53.68 

54.  Gin 51.60 

55.  Scotch  Whiskey , 54.32 

56.  Irish       ditto 53.90 

Tartar  exists  in  venuice,  as  also  in  must ;  it  contributes  to  facilitate  the  forma- 
tion of  alcohol.     When  left  at  rest  in  casks,  it  deposits  itself  upon  the  sides, 
forming  a  crust  more  or  less  thick,  with  crystals  of  uregular  forms.     Some  time 
before  the  vintage,  when  the  casks  are  to  be  got  ready  for  receiving  the  new 
wine,  they  are  staved,  and  the  tartar  detached  from  them,  in  order  to  be  em- 
ployed in  the  different  uses  of  commerce.     This  salt  has  little  solubility  in  cold 
water,  but  considerably  more  in  boiling  water.     It  scarcely  dissolves  at  all  in 
the  mouth,  and  it  resists  the  pressure  of  the  teeth.     The  extractive  principle 
abounds  in  must,  when  it  appears  to  be  dissolved  by  the  aid  of  the  sugar;  bat 
when  the  saccharine  principle  is  decomposed  by  means  of  fermentation,  the 
Quantity  of  extractive  matter  sensibly  diminishes,  a  part  of  it  deposits  itself  in  a 
fibrous  form,  and  this  deposit,  which  principally  constitutes  the  lees,  is  the 
more  considerable  in  proportion  as  the  fermentation  is  more  gentle,  and  the 
alcohol  more  abundant.    This  deposit  is  always  mixed  with  a  considerable 
quantity  of  tartar.    There  always  exists  in  wine,  a  proportion  of  extractive 
matter  in  a  state  of  solution,  which  may  be  separated  from  it  by  means  of  eva- 
poration.   It  abounds  more  in  new  wines  than  in  old  ones ;  and  the  dder  the 
wine  grows,  the  more  completely  is  it  freed  from  the  extractive  principle.    All 
natural  wines  have  an  odour  more  or  less  as^reeable  to  the  smeU.  Some  of  them 
owe  their  reputation  in  a  great  measure  to  the  perfume  which  they  exhale.   This 
is  the  case  with  Burgundy.    This  perfume  is  lost  by  too  violent  a  fermentation, 
and  becomes  stronger  by  age.     It  seldom  exists  in  very  spirituous  wines,  either 
because  it  is  concealed  oy  the  strong  smell  of  the  alcohol,  or  because  it  has  been 
destroyed  or  dissipated  by  the  violent  fermentation  that  was  requisite  to  develop 
the  spirit     The  colouring  principle  of  wine  belongs  to  the  skin  of  the  grape  ; 
for  when  the  must  is  suffered  to  ferment  without  it,  the  wine  is  white.     This 
colouring  principle  does  not  dissolve  till  the  alcohol  is  developed ;  it  is  only  then 
that  the  wme  acquires  its  colour,  which  is  deeper  in  proportion  to  the  violence 
of  the  fermentation.     If  we  expose  bottles  filled  with  wme  to  the  rays  of  the 
sun,  a  few  days  are  sufficient  to  precipitate  the  coloiuring  principle  in  huge 
pellicles ;  the  wine  losing  neither  its  perfume  nor  its  strength. 

A  very  great  number  of  vegetable'  substances  may  be  made  to  afford  wine, 
as  grapes,  currants,  mulberries,  elders,  cherries,  apples,  pulse,  beans,  peas, 
turnips,  radishes,  and  even  grass  itself.  Hence,  under  the  class  of  wines,  or 
vinous  liquors,  come  not  only  wines,  absolutely  so  called,  but  also  ale,  cyder,  &c. 
The  term  wine  is  however  in  a  more  particular  manner  appropriated  to  the 
liquor  drawn  from  the  fruit  of  the  vine.  The  process  of  making  wine  is  as 
follows : — When  the  grapes  are  ripe,  and  the  saccharine  principle  ia  dereloped, 
they  are  then  pressed,  and  the  juice  which  flows  out  ia  received  in  Tcasela  of  a 
proper  capacity,  in  which  the  fermentation  appears,  and  proceeds  in  the  fbllow- 
ug  manner.  At  the  end  of  several  days,  and  frequently  after  a  few  hours,  and 
according  to  the  heat  of  the  atmosphere,  the  nature  of  the  grapes,  the  quanti^ 
of  the  liquid,  and  temperature  of  the  place  in  whidi  the  operation  is  penbrmca, 
a  movement  is  produced  in  the  liquor,  which  continually  increaaea ;  the  volume 
of  the  fluid  increases ;  it  becomes  turbid  and  oily ;  carbonic  acid  ia  disengaged, 
which  iilLs  aU  t)be  uaoccu^ed  part  of  the  vessd ;  and  the  temperature  naet  to 
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75®  Falirenheit.  The  skins,  stones,  and  other  grosser  matters  of  the  grapes, 
are  buoyed  up  by  the  particles  of  disengaged  air  that  adhere  to  their  surface, 
are  variously  agitated,  and  are  raised  in  form  of  a  scum,  or  soft  and  spongy 
crust,  that  covers  the  whole  liquor.  During  the  fermentation,  this  crust  is  frc' 
quently  raised,  and  broken  by  the  air  disengaged  from  the  liquor,  which  forces 
its  way  through  it ;  afterwards  the  crust  subsides,  and  becomes  entire  as  before. 
These  effects  continue  while  the  fermentation  is  brisk,  and  at  last  gradually 
cease :  then  the  crust  being  no  longer  supported,  falls  in  pieces  to  the  bottom  of 
the  liquor.  At  this  time,  if  wc  would  have  a  strong  and  generous  wine,  all 
sensible  fermentation  must  be  stopped :  this  is  done  by  putting  the  wine  into 
close  vessels,  and  carrying  these  into  a  cellar  or  other  cool  place.  After  this 
first  operation,  an  interval  of  repose  takes  place,  as  is  indicated  by  the  cessation 
of  the  sensible  effects  of  the  spirituous  fermentation ;  and  thus  enables  us  to 
preserve  a  liquor,  no  less  agreeable  in  its  taste,  than  useful  for  its  reviving  and 
nutritious  qualities  when  drunk  moderately.  In  this  new  wine  a  part  of  the 
liquor  probably  remains,  that  has  not  fermented,  and  which  afterwards  ferments, 
but  8o  very  slowly,  that  none  of  the  sensible  effects  produced  in  the  first  fermen- 
tation are  here  perceived.  The  fermentation,  therefore,  still  continues  in  the  wine, 
during  a  longer  or  shorter  time,  although  in  an  imperceptible  manner;  and 
this  is  the  second  period  of  the  spirituous  fermentation, — which  may  be  called  the 
imperceptible  fermentation.  We  may  easily  perceive  that  the  effect  of  this 
imperceptible  fermentation  is  the  gradual  increase  of  the  quantity  of  alcohol. 
It  has  also  another  effect  no  less  advantageous ;  namely,  the  separation  of  the 
acid  salt  called  tartar  from  the  wine.  This  matter  is  therefore  a  second  sediment 
that  is  formed  in  the  wine,  and  adheres  to  the  sides  of  the  containing  vessels. 
As  the  taste  of  tartar  is  harsh  and  disagreeable,  it  is  evident  that  the  wine, 
which,  by  means  of  the  insensible  fermentation,  has  acquired  more  alcohol,  and 
lias  disengaged  itself  of  the  greater  part  of  its  tartar,  ought  to  be  much  better 
and  more  agreeable ;  and  for  this  reason  chiefly,  old  wine  is  universally  prefer- 
able to  new  wine.  But  insensible  fermentation  can  only  ripen  and  meliorate 
the  wine,  if  the  sensible  fermentation  have  regularly  proceeded,  and  been 
stopped  in  due  time.  We  know  certainly,  that  if  a  sufficient  time  have  not  been 
allowed  for  the  first  period  of  the  fermentation,  the  unfermented  matter  that 
remains,  being  in  too  large  a  quantity,  will  then  ferment  in  the  bottles  or  close 
vessels  in  which  the  wine  is  put,  and  will  occasion  effects  so  much  more  sensible 
as  the  first  fermentation  shall  have  been  sooner  interrupted ;  hence  these  wines 
are  always  turbid,  emit  bubbles,  and  sometimes  break  the  bottles,  firom  the  lai^e 
quantity  of  air  disengaged  during  the  fermentation. 

We  have  an  instance  of  these  effects  in  the  wine  of  Champagne,  and  in  others 
of  the  same  kind.  The  sensible  fermentation  of  these  wines  is  interrupted,  or 
rather  suppressed,  that  they  may  have  this  sparkling  quality.  It  is  well  known 
that  these  wines  make  the  corks  fly  out  of  the  bottles ;  that  they  sparkle  and 
firoth  when  they  are  poured  into  glasses  ;  and  lastly,  that  they  have  a  taste  much 
more  lively  and  piquant  than  wines  that  do  not  sparkle ;  but  this  sparkling 
qualitVi  and  all  the  effects  depending  on  it,  are  only  caused  by  a  considerable 
quantity  of  carbonic  acid  gas,  which  is  disengaged  during  the  confined  fermenta- 
tion that  the  wine  has  undergone  in  close  vessels.  This  air  not  having  an 
opportunity  of  escaping,  and  of  being  dissipated  as  fast  as  it  is  disengaged,  and 
being  interposed  betwixt  all  the  parts  of  the  wine,  combines  in  some  measure 
with  them,  and  adheres  in  the  same  manner  as  it  does  to  certain  mineral  waters, 
in  which  it  produces  nearly  the  same  effects ;  when  this  air  is  entirely  disen- 
gaged from  these  wines  they  no  longer  sparkle,  they  lose  their  piquancy  of  taste, 
become  mild,  and  even  almost  insipid. 

Such  are  the  qualities,  Dr.  Ure  observes,  that  wine  acquires  in  time,  when  its 
first  fermentation  has  not  continued  sufficiently  long.  These  qualities  are 
given  purposely  to  certain  kinds  of  wine,  to  indulge  taste  or  caprice ;  but  such 
wines  are  supposed  to  be  unfit  for  daily  use.  Wines  for  daily  use  ought  to  have 
undergone  so  completely  the  sensible  fermentation,  that  the  succeeding  fer- 
mentation shall  be  insensible,  or  at  least  exceedingly  little  perceived.  Wine, 
in  which  the  first  fermentation  has  been  too  far  advanced,  is  liable  to  worse 
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inconveniences  than  that  in  which  the  first  fermentation  has  been  too  quickly  sup- 
pressed ;  for  every  fermentable  liquor  is,  from  its  nature,  in  a  continual  intestine 
motion,  more  or  less  strong  according  to  circumstances,  from  the  first  instant  of 
the  spirituous  fermentation,  till  it  is  completely  purified ;  hence,  from  the  time  of 
the  completion  of  the  spirituous  fermentation,  or  even  before,  the  wine  begins 
to  undergo  the  acid,  or  acetous  fermentation.  This  acid  fermentation  is  very 
slow  and  insensible,  when  the  wine  is  included  in  very  close  vessels,  and  in  a 
cool  place  ;  but  it  gradually  advances,  so  that  in  a  certain  time  the  wine,  instead 
of  bemg  improved,  becomes  at  last  sour.  This  evil  cannot  be  remedied ;  because 
the  fermentation  may  advance,  but  cannot  be  reverted. — Fowcroy,  Ure,  Brande, 
Oxford  Cyclopedia. 

WIRE.  Metallic  threads,  or  fine  rods,  produced  by  forcibly  drawing  the 
ductile  metals  through  a  hole  of  less  area  than  their  previous  transverse  sections. 
The  sizes  of  which  wire  are  made  are  from  three-eighths  of  an  inch  in  diameter 
to  that  of  the  four-thousandth  part  of  an  inch.  For  the  purposes  of  embroidery  and 
similar  work,  gold  and  silver  are  commonly  drawn  to  such  fineness  as  to  be 
flexible,  and  as  conveniently  wrought  with  a  needle,  as  the  filaments  of  silk,  flax, 
&c.  with  which  they  are  usually  mixed.     See  the  articles  Gold  and  Silver. 

The  earliest  attempt  to  draw  ductile  metal  into  threads,  by  forcing  them 
through  holes  in  a  steel  plate,  does  not  appear  to  be  determined.  At  first,  wire 
was  formed  entirely  by  the  hammer ;  and  this  process  of  art  soon  became  a 
distinct  trade.  Beckman  observes,  "  As  long  as  the  work  was  performed  by  the 
hammer,  the  artists  at  Nuremberg  were  called  wire-smilht^  but  after  the  invention 
of  drawing  iron,  they  were  called  unre-droiven,  or  mre-miliers.  Both  these 
appellations  occur  in  the  history  of  Augsburg,  so  early  as  the  year  1351,  and 
in  that  of  Nuremberg,  in  1360;  so  that,  according  to  the  best  information  I 
have  been  enabled  to  obtain,  I  must  class  the  invention  of  the  drawine^iron,  or 
proper  wire-drawing,  among  those  of  the  fourteenth  century."  About  two 
hundred  years,  however,  elapsed  before  the  art  was  introduced  into  this 
country ;  nevertheless,  the  skill  of  our  native  artists  soon  enabled  them  to 
surpass  the  foreign  manufacture,  if  any  reliance  can  be  placed  in  the  statement 
contained  in  a  proclamation  of  Kine  Charles  I.  in  1630,  wherein  it  is  set  forth, 
"  That  iron-wire  is  a  manufacture  long  practised  in  the  realm,  whereby  many 
thousands  of  our  subjects  have  long  been  employed ;  and  that  English  wire,  of 
the  toughest  and  best  Osmond  iron,  a  native  commodity  of  this  kmsdom,  and 
is  much  better  than  what  comes  from  foreign  parts,  especially  for  mi&ing  wool« 
cards,  without  which  no  good  cloth  can  be  made." 

For  the  manufacture  of  wire  for  piano-fortes  and  other  musical  instruments, 
Berlin  has  long  been  celebrated ;  and  it  still  deserves  a  preference  for  these 
purposes,  in  the  opinion  of  many  of  our  artists. 

For  making  iron  wire,  none  but  the  very  best  and  toughest  iron  should  be  used ; 
that  made  entirely  from  charcoal  and  of  the  Cumberland  ore  having  the  preference. 
Formerly  the  bars  were  reduced  to  the  required  sizes  for  the  wire-drawer  by  tflting 
it ;  but  now  we  understand  the  manufacturers  roU  the  bars  down  through  smaU 
grooved  rolls  to  very  small  sizes,  and  thus  materially  save  the  labour  of  drawing. 
The  rolls  for  this  purpose  are  the  same  as  described  in  the  article  Iron  (whioi 
see,)  but  are  superiorly  finished,  and  fitted  up  with  great  accuracy  of  adjustment, 
so  as  to  roll  very  perfect  cylinders  of  wire  down  to  an  eighth  of  an  inch  in  diameter. 
Tlie  rollers  are  generally  from  seven  to  eight  inches  in  diameter,  and  make  upwards 
of  300  revolutions  per  minute;  so  that  the  rapidity  with  which  this  rolled  or  **  black 
wire,"  (as  it  is  sometimes  called,  to  distinguish  it  from  the  bright,  or  dnwn-wire,) 
is  made,  may  be  readily  conceived.  For  the  rims  of  pots,  kettles,  and  other 
kinds  of  "  hollow  ware,"  as  made  by  the  tinmen  or  braziers,  wherein  the  copper 
or  tinned  plate  is  wrapped  round  the  wire,  the  black  wire  is  equally  useful  with  the 
bright ;  for  these  purposes,  and  all  others  where  the  wire  is  hidden,  or  is  to  be 
painted,  the  rolled  black  wire  is  preferred,  on  account  of  its  greatly  inferior  cost 
Whether  wire  be  drawn  by  water,  steam,  or  hand-power,  the  process  is  nearly  the 
same,  and  the  tools  very  similar.  In  order  to  get  the  end  of  Uie  wire  through  the 
first  reducing  hole  in  the  draw-plate,  it  is  sharpened  by  hammering  or  filing; 
being  then  int ened  tbrough  the  plate,  the  latter  is  laid  so  as  to  take  iU  bearing 
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against  two  stout  pins  fixed  vertically  in  a  solid,  firm,  bench,  and  the  end  of  the 
wire  is  griped  by  a  pair  of  pincers  attached  to  a  chain ;  the  cross  lever  of  these 
pincers  are  so  formed,  that  tne  chain  when  pulled  has  a  tendency  to  draw  them  to- 
gether, and  in  proportion  to  the  force  applied  to  them,  do  they  bite  or  gtipe  the  wire ; 
by  means  of  a  powerful  lever  the  wire  is  now  drawn  through  the  hole  in  the  plate, 
which  is  well  lubricated  with  grease ;  and  when  a  sufficient  extent  has  been  thus 
drawn  through,  the  end  of  the  wire  is  fastened  to  a  cylinder  to  which  the  power 
is  applied,  and  the  wire  coiled  upon  it  as  it  comes  through  the  plate.  The  new 
wire  thus  drawn  is  very  stiff  and  hard,  and  requires  annealing  prior  to  the  next 
drawing  process.  When  annealed  it  is  put  into  a  vessel  containing  an  acid 
liquor,  and  then  scoured  bright  before  it  is  passed  through  a  second  or  smaller 
hole,  in  which  the  operation  is  repeated  as  many  times  as  may  be  found  neces- 
sary to  reduce  it  to  the  size  required, — annealing,  treating  with  acid,  and  scouring, 
at  every  succeeding  operation.  It  is  said,  that  in  order  to  heat  this  acid  liquor, 
at  an  eminent  manufactory,  some  ingots  of  l^ass  which  were  at  hand  were 
heated  red  hot  and  quenched  in  it.  It  was  afterwards  found  that  the  iron  wire 
treated  with  this  acid  Hquor,  was  covered  with  a  thin  film  of  copper,  (derived 
from  a  slight  solution  of  tne  heated  ingot  to  the  acid,)  and  that  the  wire  was  in 
consequence  drawn  through  the  plates  with  much  greater  facility  than  usual, 
the  copper  evidently  acting  as  a  lubrication  to  decrease  the  attrition  between  the 
wire  and  the  draw-plate.  In  consequence  of  this  accidental  discovery,  the 
practice  has  been  since  continued  at  the  manufactory,  of  employing  a  weak 
■olution  of  copper  in  the  acid  liquor  used  in  iron  and  steel  wire-drawing.  The 
•light  coat  of  copper  is  got  rid  of  in  the  last  annealing  process. 

To  produce  a  perfect  and  durable  wire-drawing  plate,  is  a  work  of  considerable 
art ;  and  British  skill  has  in  this  respect  been  long  surpassed  by  the  French,  from 
whom  all  our  best  "  draw-plates  "  are  obtained.  The  process  by  which  our 
ingenious  neighbours  attain  their  superiority,  must  therefore  be  of  sufficient 
importance  to  our  countrymen,  to  entitle  it  to  a  place  in  our  work.  In  vol.  xv. 
of  Let  Arts  et  AfStiers  is  the  following  account  of  the  process,  by  M.  Du.  Hamel. 

"  A  band  of  iron  is  forged,  of  two  inches  broad,  and  one  inch  thick.  This  is 
prepared  at  the  great  forge.  About  a  foot  in  length  is  cut  off,  and  heated  to 
redness  in  a  fire  of  charcoal.  It  is  then  beaten  on  one  side  with  a  hammer,  so 
as  to  work  all  the  surface  into  furrows  or  grooves,  in  order  that  it  may  retain 
the  substance  culled  the  potin,  which  is  to  be  welded  upon  one  side  of  the  iron, 
to  form  the  hard  matter  on  which  the  holes  are  to  be  pierced.  This  potin  is 
nothing  but  fragments  of  old  cast-iron  pots ;  but  those  pots  which  have  been 
worn  out  by  the  continued  action  of  the  fire,  are  not  good ;  the  fragments  of  a 
new  pot,  which  has  not  been  in  the  fire,  are  better. 

**  The  workman  breaks  these  pieces  of  pots  on  his  anvil,  and  mixes  the  pieces 
with  charcoal  of  white  wood.  He  put  this  in  the  forge,  and  heats  it  till  it  is 
melted  into  a  sort  of  paste ;  and  to  purify  it,  he  repeats  the  fusion  ten  or  twelve 
times,  and  each  time  he  takes  it  with  the  tongs  to  dip  it  in  water."  M.  Du 
Hamel  says,  this  is  to  render  the  matter  more  easy  to  break  into  pieces. 

''  By  these  repeated  fusions  with  charcoal,  the  cast  iron  is  changed,  and  its 
qualities  approach  those  of  steel,  but  far  from  becoming  biittle,  it  will  yield  to 
tne  blows  oi  the  hammer,  and  to  the  punch,  which  is  used  to  enlarge  the  holes. 
The  bar  of  iron  which  is  to  make  the  draw-plate,  is  covered  with  a  layer  of 
pieces  of  the  potin,  or  cast  iron  thus  prepared.  It  is  applied  on  the  side  which 
18  furrowed,  and  should  occupy  about  half  an  inch  in  thickness.  The  whole  is 
then  wrapped  up  in  a  coarse  cloth,  which  has  been  dipped  in  clay  and  water, 
mixed  up  as  thick  as  cream,  and  is  put  into  the  forge.  The  potin  is  more  fusi- 
ble than  the  forged  iron,  so  that  it  will  melt  The  plate  is  withdrawn  from  the 
lire  occasionally,  and  hammered  very  gently  upon  the  potin,  to  weld,«and  in 
some  measure  amalgamate  it  with  the  iron,  wnich  cannot  be  done  at  once  ;  but  it 
roust  be  repeatedly  heated  and  worked,  until  the  potin  fixes  to  the  iron.  The  work- 
man then  throws  dry  powdered  clay  upon  it,  in  order,  they  say,  to  soften  the  potin. 

"The  union  being  complete,  the  plate  is  again  heated,  and  forged- by  two  work- 
men, who  draw  out  the  plate  of  one  foot  to  a  length  of  two  feet,  and  give  it  the 


908  WIRE. 

form  it  is  to  have.  It  is  well  known,  that  cast  iron  cannot  be  worked  at  the 
forge  without  breaking  under  the  hammer ;  but  in  the  present  instance,  it  is 
alloyed  with  the  iron-bar,  and  is  drawn  out  with  it.  It  has  also  acquired  new 
properties  by  the  repeated  fusions  with  charcoal. 

*'  The  holes  are  next  pierced  whilst  the  plate  is  hot.  This  is  done  with  a  well- 
pointed  punch  of  German  steel«  applied  on  that  side  of  the  plate  which  is  the 
iron-bar.  It  requires  four  heats  in  the  fire  to  punch  the  holes,  and  every  tun 
a  finer  punch  is  employed,  so  as  to  make  a  taper  hole.     The  makers  of  draw- 

Slates  do  not  pierce  the  holes  quite  through,  but  leave  it  to  the  wire-drawen  to 
o  it  themselves  when  the  plate  is  cold,  with  sharp  punches,  and  then  they  open 
the  hole  to  the  size  they  desire ;  and  although  this  potin  is  of  a  very  hard  sub- 
stance, the  size  of  the  hole  may  be  reduced  by  gentle  blows  with  a  hard  hsm- 
mer,  on  the  flat  surface  of  the  plate  round  the  hole. 

"  A  great  many  holes  are  made  in  the  same  plate ;  and  it  is  important  that 
they  should  diminish  in  size  by^'ery  imperceptible  gradations ;  so  that  the  work- 
man can  always  choose  a  hole  suitable  for  the  wire  he  is  to  draw,  without  being 
obliged  to  reduce  it  too  much  at  once." 

The  next  considerable  wire  manufactory  in  France,  and  probably  in  the 
world,  is  that  of  the  Messrs.  Mouchel,  situated  at  L'Aigle,  in  the  department  of 
L'Ome.  It  furnishes  annually  in  card.%  for  wool-combing  only,  100,000 
quintals  of  iron-wire  =  10  millions  of  pounds!  The  whole  of  this  it  not 
required  for  home  consumption,  but  is  exported  to  Spain,  Portugal,  Italy,  and 
other  countries.  As  the  excellence  of  their  products  is  in  a  great  measure 
attributable  to  the  perfection  of  their  draw-plates,  we  shall  here  add  the  proce« 
of  preparing  them,  as  described  by  the  Messrs.  Mouchel,  which  differs  from  that 
previously  explained. 

**  Several  pieces  of  iron  are  disposed  in  the  furnace,  in  the  form  of  a  box 
without  a  lid,  their  weight  being  according  to  the  use  for  which  they  are  intended 
to  be  made.  The  workman  fills  each  of  these  boxes  with  cast  ateel,  and  ham£ 
covered  it  over  with  a  luting  of  clay,  it  is  exposed  to  a  fierce  fire  until  the  itea 
be  melted.  His  art  consists  in  seizing  the  proper  moment  to  withdraw  the  piste 
from  the  fire  ;  he  raises  the  luting,  and  blows  on  it  through  a  tube,  in  order  t» 
drive  off  all  heterogeneous  parts,  and  then  amalgamates  it  with  the  iron  by  licbl 
blows ;  after  it  is  cool,  he  replaces  it  at  the  fire,  where  the  fusion  again  taka 
place,  but  to  a  less  degree  than  before ;  he  afterwards  works  the  steel  writh  light 
blows  of  the  hammer,  to  purify  and  solder  it  with  the  iron.  This  operation  ii 
repeated  from  seven  to  ten  times,  according  to  its  quality,  which  renders  it  nxft 
or  less  difficult  to  manage.  During  this  process,  a  crust  forms  on  the  stcd, 
which  is  detached  from  it  the  fifth  time  of  its  exposure  to  the  fire,  because  this 
crust  is  composed  of  an  oxidated  steel,  of  an  inferior  quality.  It  sometimei 
happens  that  two,  and  even  three,  of  these  crusts  are  formed  of  about  two  mil- 
limetres, or  one-sixteenth  of  an  inch,  in  thickness,  which  must  also  be  removed. 

'*  After  all  these  different  fusions,  the  plate  is  beaten  by  a  hammer  wetted  wtdi 
water,  and  the  proper  length,  breadth,  and  thickness,  are  given  to  it.  When 
thus  prepared,  the  plates  are  heated  again,  in  order  to  be  pierced  with  bdet  by 
punches  of  a  conical  form ;  the  operation  is  repeated  five  or  six  times,  and  the 
punches  used  each  time,  are  progressively  smaller.  It  is  of  importance  that 
the  plate  never  be  heated  beyond  a  cherry-red,  because  if  it  receives  a  hieber 
degree  of  heat,  the  steel  undergoes  an  unfavourable  change.  The  plates,  when 
finished,  present  a  very  hard  material,  which  nevertheless  will  yield  to  the 
strokes  of  the  punches  and  hammer,  which  they  require  when  the  holes  beeoiBe 
too  much  enlarged  by  tlic  frequent  passing  of  the  wire  through  them. 

'*  When  the  plates  have  been  repaired  several  times,  they  acquire  a  dcgfcesf 
hardness  which  renders  it  necessary  to  anneal  them,  especially  when  they  ptM 
from  one  size  to  another ;  sometimes  they  do  not  acquire  the  proper  quality 
until  they  have  been  annealed  several  times.  Notwithstanding  all  the  pre- 
cautions which  are  taken  in  preparing  the  plates,  the  steel  still  varies  a  little  is 
hardness,  and  according  to  this  variation  they  should  be  employed  for  drawioj 
either  steel  or  iron-wire  ;  and  if  the  workman  who  proves  them  finds  that  they 
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Are  too  tof^  for  either  the  steel  or  iron,  they  are  put  aside,  to  be  used  by  the 
brass-wire  drawers. 

**  A  plate  that  is  best  adapted  for  drawing  of  steel  wire  is  often  unfit  for  the 
iron  ;  for  the  lone:  pieces  of  this  latter  metal  will  become  smaller  at  the  extre* 
mity  than  at  the  beginnine,  because  the  wire,  as  it  is  drawn  through  the  plate, 
is  insensibly  heated,  and  the  adhering  parts  are  swelled,  consequently  pressed 
and  reduced  in  size  towards  the  latter  end.  The  plates  that  are  fit  for  brass 
are  often  too  soft  for  iron,  and  the  effect  resulting  is  the  reverse  of  that  produced 
by  a  plate  that  is  too  hard. 

''  The  smallest  plates  which  Messrs.  Mouchel  use  are  at  the  least  two  cen- 
timetres, or  eight-tenths  of  an  inch,  in  thickness,  so  that  the  holes  can  bo 
made  su£Sciently  deep ;  for  when  they  are  of  a  less  thickness  they  will  seize  the 
wire  too  suddenly,  and  injure  it. 

'*  This  inconvenience  is  much  felt  in  manufactories  where  they  continue  to  use 
tho  plates  for  too  long  a  time,  as  they  become  exceedingly  thin  after  frequent 
repairs.  One  of  Messrs.  Mouchel's  large  plates  reduces  1,400  kilogrammes 
(3,080  lbs.  avoirdupois)  from  the  largest  size  of  wire  to  No.  6,  which  is  of  tho 
thickness  of  a  knitting-needle ;  400  kilogrammes  (880  lbs.)  of  this  number  are 
afterwards  reduced  in  one  single  small  plate,  to  No.  24,  which  is  carding-wire ; 
and  to  finish  them,  they  are  passed  through  twelve  times  successively.  Wires 
are  frequently  drawn  so  fine  as  to  be  wrought  along  with  other  threads  of  silk, 
wool,  or  hemp ;  and  thus  they  become  a  considerable  article  in  the  manu- 
factures." 

"  Dr.  Wollaston,  in  1813,  communicated  to  the  Royal  Society,  the  result  of  his 
experiments  in  drawing  wire.  Having  required  some  fine  wire  for  telescopes, 
and  remembering  that  Muschenbrock  mentioned  wire  500  feet  of  which  weighed 
only  a  single  grain,  he  determined  to  try  the  experiment,  although  no  method 
of  making  such  fine  wire  had  ever  yet  been  published.  With  this  view,  he  took 
a  rod  of  silver,  drilled  a  hole  through  it  only  one-tenth  its  diameter,  filled  this 
hole  with  gold,  and  succeeded  in  drawing  it  into  wire  till  it  did  not  exceed  the 
three  or  four-thousandth  part  of  an  inch,  and  could  have  thus  drawn  it  to  the 
greatest  fineness  perceptible  by  the  senses.  Drilling  the  silver  he  found  very 
troubl?some,  and  determined  to  try  to  draw  platina  wire,  as  that  metal  would 
bear  the  silver  to  be  cast  round  it.  In  this  he  succeeded  with  greater  ease, 
drew  the  platina  to  any  fineness,  and  plunged  the  silver  in  heated  nitric  acid, 
-which  dissolved  it,  and  left  the  gold  or  platina  wire  perfect." 

In  1819  a  patent  was  taken  out  by  Mr.  Brockeaon,  for  mounting  the  wire- 
drawing plates  with  diamonds,  sapphires,  rubies,  and  other  hard  gems ;  in  these 
conical  holes  were  to  be  drilled,  with  their  extremities  rounded  ofi*,  which  were 
afterwards  to  be  polished  by  the  processes  known  to  lapidaries.  By  these  means 
It  was  expected  tne  wire  might  be  more  equally  and  cylindrically  drawn,  owing 
to  the  impenetrable  hardness  of  the  gems,  which  would  not  sensibly  wear  from 
the  same  cause. 

As  the  repeated  annealings  to  which  iron  wire  is  subjected,  to  cause  it  to 
yield  to  the  resistance  of  the  draw-plate,  would  be  destructive  of  the  property  from 
which  steel  derives  its  utility,  steel  wire,  therefore,  during  the  process  of 
annealing,  is  surrounded  with  charcoal-dust  from  which  carbon  is  reabsorbed  in 
the  furnace ;  thus  the  metal  is  rendered  very  soft  and  yielding,  without  losing 
its  steel  property. 

Among  the  curious  and  important  '* results  of  machinery"  might  be 
mentioned  the  manufacture  and  application  of  steel  wire  to  the  making  of  the 
hair-springs  of  watches.  "  A  pound  of  crude  iron  costs  one  half-penny  ;  it  is 
converted  into  steel ;  that  steel  is  made  into  watch-springs ;  every  one  of 
which,"  it  is  said,  <'  is  sold  for  half  a  guinea,  and  weighs  only  the  tenth  of  a 
grain ;  after  deducting  for  waste,  there  are  in  the  pound  weight  about  7,000 
grains ;  it  therefore  affords  steel  for  70,000  watch-springs,  the  value  of  which, 
at  half  a  guinea  each,  is  35,000  guineas!"  Now  as  there  are  504  half-pence 
in  a  guinea,  the  pound  of  crude  iron  has  increased  17,640,000  times  in  value. 

The  looms  employed  for  weaving  wire-cloth  are  not  essentially  different  to 
^he  looms  employed  for  weaving  other  filaments,  and  several  patents  have  been 
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taken  out  for  modifications  of  Jthe  power-loom,  to  adapt  it   to   weaving  of 

wire  ;  which  are  described  in  the  Repertory  and  Journal  of  Patent  InvenHom. 
The  application  of  wire-gauze  to  the  manufacture  of  baskets,  dish-covers,  and 

a  great  variety  of  useful  articles,  took  place  about  ten  years  ago,  under  a  patent 

granted  to  Mr.  Gosset,  of  the  Haymarket,  London,  who  brought  the  invention 

from  abroad.     The  annexed  cut  is  explanatory  of  the  process  of  conversion. 
The  operation  is  exceedingly  simple, 

being  performed  entirely  by  forcing  the 

wire-gauze  between  moulds  of  the  required 

shape,  by  the  power  of  a  screw  press, 

which  causes  the  figure  or  pattern  thus 

given  to  it,  to  be  permanently  retained 

after  the  article  has  oeen  withdrawn  from 

the  mould.     We   extract  the   following 

from  the  specification  before  us : — 
"It  consists  of  a  pattern  or  block  a, 

of  metal,  wood,  or  other  suitable  material, 

which  is  formed  on  the  exterior  surface 

to  the  desired  shape  and  size  of  the  article 

intended  to  be  produced.    The  block  a 

has  a  screw  6,  projecting  up  from  the  top 

or  crown  thereof;  e  represents  a  pattern 

or  mould  made  in  like  manner,  of  any 

suitable  material ;  the  interior  surface  of  this  mould  is  formed  to  the  desired 

shape  of  the  article  intended  to  be  produced,  and  has  an  aperture  made  in  the 
crown  thereof,  so  as  to  be  capable  of  passing  over  the  screw  6,  and  thus  permit 
the  mould  c  to  come  down  over  the  block  a,  as  shown  in  the  fi^re. 

The  manner  of  using  the  machine  is  as  follow? :  the  metallic  wire-gause  or 
other  material,  (which  is  intended  to  be  shaped,)  has  a  hole  made  through  it, 
and  is  passed  over  the  screw  6,  so  as  to  rest  upon  the  crown  of  the  block  a,  ts 
seen  at  d  d.  In  this  situation,  the  upper  mould  b  is  placed  upon  the  said  metal 
or  gauze-wire,  with  the  screw  passing  through  its  aperture,  as  aforesaid ;  and 
the  nut  or  handle  c  is  put  on  its  place,  and  is  turned  down  upon  the  screw  6,  by 
which  means  it  presses  down  the  upper  mould  c  upon  the  metallic  wire-gauze, 
or  other  material,  and  thereby  forces  it  into  the  cavity  or  space  between  the 
block  a  and  mould  c,  so  as  to  give  it  the  desired  shape  of  the  article  required. 
The  apparatus  is  then  inverted,  and  placed  upon  a  bench,  or  other  convenient 
support,  with  the  screw  b  projecting  downwards ;  and  a  ring  or  hoop  of  tinned 
wire,  or  other  suitable  material,  is  inserted  within  the  lower  edge  of  the  article, 
and  is  soldered,  or  otherwise  securely  fixed,  to  the  wire-gauze  or  other  material, 
of  which  the  article  is  formed.  The  nut  e  may  then  be  screwed  to  the  back  of 
the  screw  6,  and  the  mould  and  block  may  be  separated,  so  as  to  take  out  the 
article,  which  will  be  found  to  retain  the  pattern  or  shape  given  to  it  by  the 
said  mould  or  machinery.  After  this,  the  portions  of  the  metallic  wire-gauze, 
or  other  material,  which  may  happen  to  project  beyond  the  edges  of  the  afore- 
said hoop  or  ring,  are  to  be  cut  off  all  round  evenly,  and  a  email  ornamental 
band  of  metal,  or  other  material,  may  be  soldered  or  otherwise  fixed  upon  the 
exterior  edge  of  the  article,  so  as  partly  to  conceal  the  interior  hoop  or  nng,  and 
render  the  whole  neat ;  and  then,  to  finish  and  complete  it,  a  small  nut  or  l&ttoa 
may  be  fixed  through  the  aperture  in  the  crown,  for  the  convenience  of  carrying 
the  articles  by*  Articles  of  this  description  will  be  found  very  serviceable  for 
covering  up  aelicate  commodities,  or  articles  of  food,  to  preserve  them  from  the 
effects  of  flies,  and  for  a  great  variety  of  useful  purposes." 

The  specification  then  proceeds  to  describe  another  slight  variatton  firom  the 
above  method,  for  ''  producing  articles  of  such  a  description  as  will  not  admit  of 
a  hole  or  aperture  beine  made  in  them."  For  this  purpose,  the  actoating  screw 
is  made  to  pass  through  a  fixed  nut  in  an  iron  frame,  the  end  of  the  screw  enter- 
ing  the  flat  or  lower  side  of  the  block,  which  is  forced  into  the  cavity  of  the 
mould,  with  the  wire-gauze  between  them.  The  patentee  concludea  by  dom- 
ing as  his  invention,  "  the  forming  or  prodttciog  of  artidee  of  varioua  ihapM^ 
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patterns,  and  sizes,  out  of  metallic  wire -gauze,  or  other  materials,  as  aforesaid, 
by  the  operation  of  pressing  or  forcing  the  said  metallic  wire-gauze,  or  other 
materials,  into  moulds  or  shapes  of  the  desired  form  of  the  article  intended  to  be 
produced  ;  the  articles  so  formed  or  produced  from  the  metallic  wire-gauze,  or 
other  material,  being  caused  to  retain  or  preserve  the  shape  or  pattern  which 
may  have  been  given  to  them,  by  means  of  one  or  more  hoops  or  rings,  which 
are  secured  by  solder  or  otherwise  to  the  edges  of  the  said  articles,  during  the 
time  they  remain  within  the  mould." 

WOOD.  The  ligneous  matter  forming  the  substance  of  trees.  It  is,  in  most 
cases,  possessed  of  colour,  taste,  and  smell,  from  the  presence  of  extractive 
matter,  mucilage,  resin,  or  essential  oil ;  and  it  is  only  when  these  have  been 
extracted  by  water  and  alcohol,  that  wood  can,  as  a  chemical  principle,  be 
regarded  as  pure.  In  this  state,  it  is  insoluble  in  water :  it  is  equally  insoluble 
in  alcohol,  and  hence  it  forms  the  residuum,  when  any  of  the  solid  parts  of  plants 
have  been  acted  on  by  these  fluids.  From  the  action  of  the  air,  if  dry,  it  does 
not  appear  to  suffer  any  change  ;  but,  when  humid,  it  is  gradually  decomposed, 
and  passes  through  many  intermediate  states,  to  that  of  a  black  mould,  consist- 
ing principally  of  carbon.  The  oxygen  of  the  atmospheric  air  is,  during  this 
change,  absorbed,  and  carbonic  acid  formed  with  a  portion  of  water;  and  the 
latter,  being  derived  from  the  combination  of  the  oxygen,  leaves  carbon  pre- 
dominant When  the  air  is  entirely  excluded,  wood  decomposes  with  extreme 
slowness,  even  though  humid ;  as,  for  example,  when  it  is  buried  in  the  earth, 
the  alkalies  act  on  wood,  and  stain  it  of  a  dark  colour :  with  the  assistance 
of  heat,  they  soften,  and  partly  dissolve  and  decompose  it.  The  stronger  acids 
act  on  it.  Sulphuric  acid  carbonizes  it,  rendering  it  speedily  black  and  soft. 
Nitric  acid  gives  it  a  yellow  tinge,  and,  when  acted  on  in  large  quantity,  dis- 
engages nitrogen  gas,  and  converts  it  into  oxalic  acid,  with  small  quantities  of 
malic  and  acetic  acids. 

Wood  suffers  decomposition  from  heat ;  a  large  quantity  of  an  acid  liquor 
distils  over,  with  a  portion  of  empyreumatic  oil.  Carburetted  hydrogen  and 
carbonic  acid  gases  are  disengagea,  and  a  portion  of  ammonia  is  produced, 
vrhich  is  neutralized  by  the  acid.  A  charcoal  remains,  which  retains  the  figure 
and  even  texture  of  the  wood.  The  acid  procured  in  this  process,  was  observed 
to  be  similar  to  vinegar,  and  was  afterwards  regarded  as  a  peculiar  one,  and 
named  pyro-ligneous  acid ;  but  the  researches  of  Fourcroy  and  Vauquelin  proved 
that  it  IS  only  acetic  acid,  ^ith  an  imprecation  of  empyreumatic  oil. 

When  air  is  admitted,  and  the  heat  raised  to  ignition,  wood  burns.  Its  com- 
bustion at  first,  gives  much  light,  from  the  formation  and  extrication  of  carbu- 
retted hydrogen  :  this  soon  ceases,  and  the  charcoal  remains,  which  burns  with 
its  usual  red  light.  The  products  of  the  combustion  are  principally  carbonic 
add  and  water.  Nitrogen  appears  to  be  a  constituent  principle  of  wood ;  am- 
monia, therefore,  is  also  evolved,  and  accordingly,  an  ammoniacal  salt  is  found 
in  the  soot  of  wood. 

The  colouring  of  wood  is  effected  by  a  variety  of  processes.  Stains  do  not  ue, 
like  paints,  upon  the  surface  of  wood,  but  sink  more  or  less  into  its  substance. 
Hence,  the  material  which  has  been  stained,  exhibits  its  natural  grain  and  hard- 
ness :  and  it  must  be  remembered  that,  if  the  wood  be  not  white,  the  colour 
taken  will  be  a  compound  of  that  of  the  wood  and  the  stain.  The  dyeing  woods 
enaployed,  are  in  small  chips  or  raspings. 

The  woods  which  have  been  stained  are  afterwards  rubbed  up  with  rushes, 
then  with  a  cloth,  dipped  in  a  solution  of  bees'  wax  in  spirits  of  turpentine ;  and 
afterwards  rubbed  witn  a  woollen  cloth  alone.  When  the  stain  is  intended  to  be 
very  deep,  the  pieces  should  be  boiled  in  the  staining  liquor,  and  not  merely 
brushed  over.  To  stain  wood  red,  take  two  ounces  of  Brazil  wood,  and  two  ounces 
of  potash ;  mix  them  with  a  quart  of  water,  and  let  the  composition  stand  in  a 
warm  place  for  several  days,  stirring  it  occasionally.  With  this  liquor,  made 
boiling  hot,  brush  over  the  wood  till  the  desired  depth  of  colour  is  obtained : 
then  with  another  brush,  brush  over  the  wood  while  yet  wet,  with  a  solution  of 
alum,  in  the  proportion  of  two  ounces  of  alum  to  a  quart  of  water.  For  a  pink 
or  rose  red,  use  double  the  quantity  of  potash.     For  a  less  bright  red,  dissolve 
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an  ounce  of  dragon's  blood  in  a  pint  of  spiriU  of  wine,  and  brush  over  the  wood 
vrith  the  tincture  till  the  stain  appear  to  oe  as  strong  as  is  desired ;  but  this  is, 
in  fact,  rather  lacauering  than  staining.  For  a  pink  or  rose  red,  add  to  a  gallon 
of  the  above  infusion  of  Brazil  wood  two  additional  ounces  of  the  pearl-ashes, 
and  use  it  as  was  before  directed  ;  but  it  is  necessary,  in  this  case,  to  brush  the 
wood  over  with  the  alum-water.  By  increasing  the  proportion  of  pearl-ashes, 
the  red  may  be  rendered  yet  paler ;  but  it  is  proper,  when  more  than  this 

Quantity  is  added,  to  make  the  alum-water  stronger.  To  stain  wood  green, 
issolve  verdigris  in  vinegar,  or  crystals  of  verdigris  in  water,  and  brush  over 
the  wood  with  the  hot  solution.  To  stain  wood  blue,  dissolve  copper  in  diluted 
nitric  acid,  and  bmsh  it  while  hot  several  times  over  the  wood ;  then  make  a 
solution  of  pearl-ashes,  in  the  proportion  of  two  ounces  to  a  pint  of  water,  and 
brush  over  the  stain  made  witn  the  solution  by  copper  till  the  colour  be  per- 
fectly blue.  The  green  stain,  made  as  above  with  verdigriSf  may  be  changed 
to  a  blue,  by  the  solution  of  pearl-ashes.  The  sulphate  of  indigo,  which  may  be 
had,  ready  prepared,  of  the  dyers,  will,  when  diluted  with  water,  make  a  blue 
stain.  To  stain  wood  black,  brush  the  wood  several  times  with  a  hot  decoction 
of  logwood,  then  several  times  with  common  ink.  To  make  a  very  fine  black, 
brush  over  the  wood  with  a  solution  of  copper  in  nitric  aid  as  for  blue,  and  after- 
wards with  logwood,  till  all  the  greenness  oi  the  copper  solution  is  gone.  To  stain 
wood  purple,  take  one  ounce  of  logwood  and  two  drachms  of  Brazil  wood  ;  boil 
them  together  in  a  quart  of  water,  over  a  moderate  fire.  When  one  half  of  the 
fluid  is  evaporated,  strain  the  decoction,  and  brush  it  several  times  over  the  wood. 
After  the  wood  is  dry,  brush  it  over  with  a  solution  of  a  drachm  of  pearl-ashes 
in  a  pint  of  water. 

WOOL.  The  long,  soft,  curly  hair,  which  covers  the  skin  of  sheep,  and 
some  other  ruminating  animals.  Wool  resembles  hair  in  many  respects ;  besides 
its  fineness,  which  constitutes  an  obvious  difference,  there  are  other  particulars 
which  may  serve  also  to  distinguish  them  from  one  another.  Wool,  like  the 
hair  of  horses,  cattle,  and  most  other  animals,  completes  its  growth  in  a  year,  and 
then  falls  off  as  hair  does,  and  is  succeeded  by  a  fresh  crop.  It  differs  from  hair, 
however,  in  the  uniformity  of  its  growth,  and  the  regularity  of  its  shedding ; 
the  whole  crop  springs  up  at  once,  and  the  whole  falls  off  at  once,  if  not  pre- 
viously shorn,  which  leaves  the  animal  covered  with  a  short  coat  of  youns  wool, 
which  in  its  turn  undergoes  similar  mutations.  Berthellot  has  shown  that  the 
caustic  alkaline  leys  dissolve  wool  entirely,  and  that  the  acids  precipitate  it 
from  this  solution.  The  facts  elicited  by  chemical  research  explain  all  the  phe- 
nomena, and  all  the  properties  which  wool  presents  in  the  frequent  and  advan- 
tageous uses  to  which  it  is  applied.  While  the  wool  remains  in  the  state  in 
which  it  is  shorn  from  the  sheep's  back,  it  is  called  a  fleece.  Each  fleece  con- 
sists of  wool  of  different  qualities  and  degrees  of  fineness,  which  the  dealers  sort  and 
sell  in  packs  at  different  rates  to  the  wool-comber.  The  finest  wool  grows  on  and 
about  the  head  of  the  sheep,  and  the  coarsest  about  the  tail ;  the  longest  on  the 
flanks,  and  the  shortest  on  the  head  and  some  parts  of  the  beuy.  Wool 
that  is  shorn  when  the  sheep  is  living,  is  called  fleece  wool,  and  that  which  is 
pulled  off  the  dead  animal  is  called  skin-wool.  Wool,  in  the  state  in  which  it 
18  taken  from  the  sheep,  is  always  mixed  with  a  great  deal  of  dirt  and  foulness 
of  different  kinds,  and  in  particular  is  strongly  imbued  with  a  natural  strong- 
smelling  grease.  These  impurities  are  got  rid  of  by  washing,  fulling,  and 
combing,  by  which  the  wool  is  rendered  remarkably  white,  soft,  dean,  light, 
and  springy.  When  boiled  in  water  for  several  hours,  it  is  not  altered  in  any 
sensible  decree,  nor  does  the  water  acquire  any  impregnation. 

The  wool  intended  for  the  manufacture  of  stuffs  is  brought  into  a  state 
adapted  for  the  making  of  worsted  bv  the  wool-comber ;  who,  having  clearod  it 
from  all  impurities,  and  well  washed  it  with  soap  and  water,  he  puts  one  end 
of  a  certain  quantity  on  a  fixed  hook,  and  the  other  on  a  movable  hook,  ^hich 
he  turns  round  with  a  handle,  till  all  the  moisture  is  forced  out.  It  is  then 
thrown  lightly  into  a  basket.  The  wool  is  next  spread  out  in  layers,  and  a  few 
drops  of  oil  are  scattered  on  each ;  which  are  packed  in  a  bin  underneath  a  bench 
where  the  comber  siU  at  work.     At  the  back  of  the  bench  is  another  bin,  to 
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contlun  the  noyles,  as  it  is  called,  which  is  that  part  of  the  wool  that  is  left  in 
the  wool  after  the  sliver  is  drawn  out.  The  comh  consists  of  three  rows  of 
highly-tempered  and  polished  steel,  fixed  in  a  long  handle  of  wood,  and  set 
parallel  to  one  another.  Each  comber  has  two  combs,  which  he  fills  with  wool 
and  then  works  them  together,  till  the  wool  on  each  is  perfectly  fine,  and  fit  to 
draw  out  in  slivers.  The  best  combs  of  this  kind  are  said  to  be  manufactured 
at  Halifax,  in  Yorkshire.  In  using;  these  combs  the  workman  has  a  pot  made 
of  clay,  with  holes  in  its  side,  in  which  he  heats  them  to  a  certain  temperature 
before  it  can  be  made  readily  to  pass  through  the  wool.  Each  comb-pot  is  made 
to  hold  eight  combs,  so  that  four  men  usually  work  in  one  compartment  of  the 
shop,  round  a  single  pot.  When  the  wool  has  been  sufficiently  worked  on  the 
combs,  the  workman  places  one  comb  and  then  the  other  on  a  fixed  spike,  at  a 
proper  height  for  him  to  draw  it  out  as  he  stands.  The  wool  thus  arawn  out 
IB  called  a  sliver,  and  is  from  five  to  six  or  seven  feet  in  length.  Such  is  the 
mode  of  wool-combing  by  hand,  but  several  patents  have  been  taken  out  for 
performing  the  same  operation  by  machinery ;  the  first  of  which  was  introduced 
by  the  ingenious  Dr.  Cartwright,  in  1790,  and  wool-combing  by  machinery  has 
now  almost  wholly  superseded  the  work  by  hand,  owing  to  the  economy  of 
labour  and  material  which  it  effects. 

The  manufacture  of  wool  is  divided  into  two  distinct  classes, — long  wool, 
or  worsted-spinning,  and  short  wool,  or  woollen-^arn-spinning.  We  have 
already  described,  under  Cotton,  the  process  of  spmning  that  material :  it  will 
be  readily  conceived  that  the  spinning  of  other  fibrous  matter  does  not  very 
essentially  differ  therefrom,  but  that  it  merely  requires  certain  modifications  in 
the  apparatus  to  adapt  it  to  the  difference  of  fibre  in  the  staple  commodity.  In 
spinning  worsted  by  hand,  the  portion  of  wool  plucked  from  the  sliver  was 
placed  across  the  fineers  of  the  left  hand,  and  from  the  thick  part  of  it  the 
fibres  were  drawn  and  twisted  as  the  hand  was  withdrawn  from  the  end  of  the 
spindle,  to  which  it  had  been  previously  attached.  The  revolution  of  the  whee^ 
eflfected  by  the  right  hand,  conveyed  by  a  band  to  the  wheel,  or  pulley  on  the 
spindle,  produced  the  requisite  to  give  firmness  to  the  thread ;  and  by  a  very 
gentle  motion  of  the  same  wheel,  the  thread  being  brought  nearly  perpendicular 
to  the  spindle,  it  was  wound  upon  the  spindle  to  form  the  cop.  From  this  it 
was  transferred  to  the  reel,  and  became  a  hank,  of  a  definite  length,  but 
varying  in  weight  with  the  thickness  of  the  thread.  In  this  state  it  was 
transferred  to  the  manufacturer,  to  be  converted  into  shalloons,  bombazin,  or 
whatever  other  fabric  worsted  is  applicable  to. 

"A  few  years  after  the  introduction  of  cotton  machinery,"  (says  the  author 
of  the  Operative  Mechamc)^  "  an  obscure  individual  of  the  name  of  Hargraves, 
previously  unknown  as  a  mechanic,  who  had  lon^  been  employed  by  Messrs. 
W.  Birkbeck  and  Co.  of  Settle,  in  Yorkshire,  in  the  management  of  a  branch 
of  the  worsted  manufactory,  attempted  to  spin  long  wool  by  means  of  rollers. 
He  constructed  working  models  of  the  necessary  preparing  machinery,  and  of  a 
spinning  frame,  by  the  assistance  of  persons  accustomed  to  the  construction  of 
cotton  machinery ;  and  succeeded  so  completely,  as  soon  to  induce  his  employers 
to  build  a  laree  mill  for  its  application,  by  degrees  his  plans  became  known  to 
tlie  trade,  ana  many  laree  manufactories  have  subsequently  been  erected  for  this 
purpose.  Contrary  to  the  earlier  anticipations  on  this  subject,  it  has  been  found 
that  mill-spun  yarn  answers  better  for  the  coarse  as  well  as  the  finer  fabricsi 
than  that  produced  by  the  hand,  which  it  has  entirely  superseded." 

In  spinning  worsted  by  machinery,  a  sliver  of  wool  is  laid  upon  the  drawing- 
frame,  from  whence  it  is  conducted  through  several  pairs  of  rollers,  of  which 
the  operation  of  the  first  and  last  are  the  essential  ones,  the  intermediate 
rollers  moving  with  equal  velocities,  and  serving  merely  to  conduct  the  skin, 
which  is  received  into  a  cylindrical  can ;  three  such  skins  being  passed  through 
another  drawing-frame,  and  stretched  in  their  progress,  become  fitted  for  roving, 
— the  last  step  m  the  preparatory  process.  The  spinning,  which  is  the  con- 
cluding process,  is  effected  by  means  of  two  pair  of  rollers  moving  with  equal 
velocities,  and  intermediate  auxiliaries. 

In  manufacturing  short  wool  into  cloth^  it  is  first  soaked  in  urine,  and 
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freflviently  rinsed  in  clean  water,  which  adapts  it  to  the  next  operation, — that  of 
earaing.  The  carding  engine  for  fine  short  wool  is  constructed  with  one  main 
eylinder,  having  in  lieu  of  the  top  cards  used  in  jenny-spinning,  numerous  small 
rollers,  lying  and  rolling  upon  its  upper  surface ;  it  is  used  in  place  of  a  breaker 
engine,  and  is  called  a  scribbler.  The  wool  is  delivered  from  a  main  cylinder 
to  a  doffer,  and,  being  combed  or  doffed,  is  carried  to  another  engine  called  the 
eo/rdeTf  which  perfects  the  carding,  and  delivers  it  off,  by  means  of  grooved 
mahogany  rollers,  in  a  row  or  rowan,  as  in  jenny-spinning.  If  the  wool  is  of 
E  coarse  description,  such  as  is  formed  into  yam,  for  the  manufacture  of  coarse 
cloths,  more  carding  is  required. 

The  scribble  engine  has  three  distinct  parts  or  cylinders  in  one  frame.  The 
ftrst  part  consists  of  the  first  main  cylinder  with  its  top  rollers,  and  is  called  the 
breast ;  this  delivers  the  wool  to  the  second  main  eylinder,  which  with  its  top 
rollers  is  called  the  first  part ;  this  delivers  it  up  to  a  small  intervening  cylinder 
ealled  the  tween  doffer,  which  carries  it  to  the  third  main  cylinder,  which,  with 
its  top  rollers,  is  called  the  second  part ;  from  hence  it  goes  to  the  last  doffer 
cylinder,  from  which  it  is  combed  by  a  dofHng-plate,  and  finally  carried  by 
hand  to  a  carding  engine ;  by  which  the  wool  is  formed  into  separate  and 
smooth  rolls  of  twenty-eight  inches  long,  and  half  an  inch  thick,  which  are 
immediately  taken  by  boys,  and  attached  to  the  spindles  of  the  roving  or 
slubbing  machine.  This  machine  draws  out  the  wool  into  large  and  slightly- 
twisted  threads,  and  winds  it  into  balls  ready  for  spinning.  By  the  spinning- 
jenny  the  threads  are  twisted,  and  drawn  to  a  pro])er  degree  of  size  and 
strength,  and  are  then  reeled  into  skeins  and  prepared  for  the  loom.  The  stronger 
iort  intended  for  the  woof  is  wound  on  spools,  or  quills,  which  are  tubes  of  such  a 
iKze  and  shape  as  to  be  easily  placed  in  the  hollow  of  a  shuttle.  That  designed 
Ibr  the  warp  is  wound  on  large  wooden  bobbins,  from  which  it  is  by  the  warp* 
ing-bar  conveniently  arranged  for  the  chain  or  warp  of  the  piece. 

A  patent  was  taken  out  a  few  years  since,  by  Mr.  Hadden,  for  im])rovements 
in  preparing  wool,  and  also  for  roving  and  spinning  it  in  a  heated  state.  The 
patentee  observe?,  that  varions  methods  may  be  adopted  for  supplying  heat  to 
trool,  during  all  or  either  of  the  three  processes  of  preparing,  roving,  and  spin- 
ning. The  method  which  Mr.  Hadden  has  adopted  is  the  introduction  of  cast- 
iron  heaters  into  the  retaining  rollers  used  for  these  processes,  observing  that 
he  always  uses  three  rollers  or  cylinders  together,  and  by  leading  the  wool 
Over  half  the  circumference  of  the  upper  two  rollers,  charged  within  with  the 
heaters  above  mentioned,  he  thoroughly  warms  the  wool,  witliout  retarding  the 
progress  of  the  other  presses. 

The  mode  of  applying  the  lieaters  is  by  making  the  retaining  cylinders  hol- 
low, and  by  introducing  a  cylindrical  heater  into  each  retaining  cylinder.  These 
heaters  are  made  exactly  to  fit  the  interior  of  the  retaining  cylinders,  the  axes 
of  which  pass  through  a  channel  for  that  purpose  in  the  middle  of  the  heater. 
It  is  to  be  (Served  that  the  heaters  may  be  put  within  the  driving  cylinders 
with  equal  effect. 

The  qualities  which  distinguish  woollen  cloths  from  all  other  manufactures, 
and  renders  them  particularly  suitable  for  northern  climates,  are  the  compact- 
ness and  density  they  acquire  from  the  operation  of  fulling.  The  cloth  is 
sprinkled  over  with  a  liquor  prepared  from  oil  of  olive  soap  dissolved  in  hot 
water,  and  then  laid  in  the  mill-trough,  where  it  is  pounded  with  heavy  wooden 
hammers.  By  this  process  a  cloth  40  yards  long,  and  100  inches  wide,  is 
reduced  to  30  yards  long,  and  60  inches  wide.  During  the  operation  the  cldth 
is  taken  from  the  trough,  the  wrinkles  smoothencd,  and  more  soap  added.  The 
property  of  becoming  thicker  by  compression  is  peculiar  to  woollen  cloths.  It 
is  said  that  the  fibres  of  the  wool  are  thickly  set  with  jagged  protuberances, 
which  it  is  supposed  catch  hold  of  each  other  when  pressed  together,  and  thus 
beeome  inextricably  united,  so  that  the  cloth  when  cut  does  not  unravel  like 
other  cloth.  After  milling,  the  cloth  is  scoured  with  a  preparation  of  ItiUer's 
eittrth  and  bullock's  galls,  till  perfectly  free  from  soap,  and  then  taken  to  the  dotb- 
worker  to  be  dressed.  This  operation  is  performed  by  first  drawing  oot  and 
placing  in  one  dkeci\oi\)  \>^  Tae^tv<&  ^i  V\t«  ^^axda  and  teazl^i^  all  tbe  fibres  of 
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wool  that  can  be  brought  to  the  surface,  and  then  shearing  them  as  close  as 
may  be  practicable  without  laying  the  threads  of  the  cloth  bare.  The  instru- 
ments employed  in  this  process  were  formerly  worked  by  hand ;  but  this  operar 
tion  is  now  performed  by  machinery,  in  a  very  superior  manner  to  any  manual 
efforts,  and  at  a  much  less  expense.  When  this  process  is  completed,  the  cloth 
ia  taken  to  the  rack,  where  it  is  strained  so  as  to  bring  it  to  an  even  breadth 
throughout  its  length,  and  it  is  then  sheared  again,  to  render  it  perfectly  level 
and  uniform.  All  the  little  bits  of  straw  or  lint  that  may  adhere  to  it  are  now 
picked  out,  and  any  holes  that  may  be  discovered  caremlly  fine-drawn.  The 
cloth  is  next  laid  in  a  press  with  a  sheet  of  glazed  paper  between  every  fold ; 
these  are  covered  by  thin  boards,  and  hot  iron  plates  laid  thereon,  by  which  a 
gloss  is  communicated  to  the  cloth.  After  the  press  has  been  screwed  down  for 
a  sufficient  time,  the  pressure  is  removed,  and  the  cloth  taken  out  and  packed 
for  sale. — We  have  thus  given  an  outline  of  the  process  of  manufactiuring  of 
woollen  cloth,  as  it  was  generally  conducted  a  few  years  ago ;  but  the  rapid 
progress  of  mechanical  invention  during  a  very  brief  period,  has  made  so  exten- 
sive a  change  in  the  apparatus  and  processes,  as  to  preclude  the  possibility  of  a 
detailed  description  within  the  prescribed  limits  of  this  work ;  we  shall,  however, 
before  closing  this  article,  notice  two  or  three  recent  patents,  the  leading  objectf 
of  wliich  are  to  give  to  woollen  cloths  that  silky  softness  and  gloss,  for  which  the 
best  finished  modern  fabrics  are  so  distinguished. 

Mr.  Fussel's  mode  of  producing  the  lustre  upon  cloths,  as  stated  in  the  speci- 
fication, is  in  substance  as  follows. — After  the  cloth  has  undergone  the  usual 
dressing  in  the  gig-mill,  and  hand- brushing,  it  is  to  be  tightly  woimd  upon  a 
cylindrical  roller,  the  extremities  of  which  are  to  have  deep  grooves  made  round 
their  peripheries,  that  will  permit  the  list  on  the  edges  of  the  cloth  to  sink  into 
them,  and  by  these  means  preserve  the  cloth  in  a  smooth  and  level  surface. 
The  roller  of  cloth  so  prepared  is  to  be  set  on  end  for  some  time,  to  permit  the 
water  to  drain  off;  it  is  then  to  be  placed  in  either  an  open  vessel  over  a  steam 
boiler,  and  exposed  to  the  action  of  the  'steam  for  three  hours,  or  it  may  be 
placed  in  a  close  vessel  into  which  the  vapour  is  to  be  allowed  to  pass  while  it 
is  made  to  revolve,  'i'he  temperature  of  the  steam  proper  to  be  employed 
depends  upon  the  colour  of  the  cloth,  and  the  degree  of  lustre  required ;  but  la 
general  the  heat  should  be  somewhat  less  than  that  of  boiling  water. 

Mr.  James  Dutton's  patent  method  consists  in  pressing  the  cloth  at  the  time 
it  is  being  heated.  His  press  for  this  purpose  has  one  fixed,  broad,  and  flat  sur- 
face or  table,  equal  to  the  whole  width  of  the  cloth,  and  of  suitable  dimensions 
in  the  other  direction  to  receive  about  a  yard  of  the  cloth  in  length  at  a  time, 
to  receive  the  pressure ;  which  is  effected  by  a  flat  metal  plate,  or  platten,  of 
corresponding  dimensions,  made  to  rise  and  fall,  and  to  be  operated  upon  by 
powerful  leverage,  or  hydrostatic  pressure.  To  render  the  effect  of  this  procese 
permanent,  heat  and  humidity  are  employed  in  conjunction  with  it.  For  this 
purpose  a  steam  or  hot-water  chamber  is  formed  in  the  table  of  the  press,  and  the 
cluth  is  brought  under  the  operation  in  its  wet  state,  the  pressure  beine  con- 
tinued upon  each  successive  portion  of  cloth,  for  a  certain  number  of  mmutes 
(varying  with  the  *^  dress"  required,  and  other  circumstances). 

It  is  desirable,  in  the  process  of  roughing  or  raising  the  pile  upon  woollen  dotii, 
that  the  action  of  the  teazles  should  be  made  to  deviate  from  straight  lines  on  the 
surface  of  the  cloth.  The  patented  improvement  of  Mr.  Oldland,  dated  July 
1830,  for  this  object,  consists  in  a  horizontal  revolving  teazle  frame,  furnished 
on  its  under  side  with  teazles,  wire-cards,  brushes,  or  other  materials  used  in 
dressing  or  raising  the  pile  of  the  cloth.  The  revolving  teazles  are  put  in  motion 
by  a  band  fixed  to  the  revolving  spindle  ;  and  as  the  cloth  is  brought  under  the 
teazles  by  conducting  rollers  of  the  usual  construction,  it  is  pressed  up  against 
the  teazles  by  a  supporter  covered  with  some  elastic  material,  only  on  that  side 
of  the  centre  of  motion  of  the  revolving  teazle  which  moves  from  the  middle 
towards  the  selvage  of  the  cloth,  the  teazle  frame  reaching  onlv  halfway  across 
it ;  and  one  bt* ing  placed  on  each  side,  moving  in  different  directions,  the  pile  will 
be  raised  in  all  cases  from  the  centre  to.vards  lioth  selvages  of  the  piece  of  cloth, 
though  from  the  nature  of  tne  action  of  this  machine  it  is  evident  that  its  operation 
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on  the  clotb  can  in  no  case  be  rectilineal,  and  that  by  the  end  motion  of  the 
cloth  the  lines  of  action  will  be  continuallycrossing  each  other  at  very  acute  angles. 
In  the  same  year  another  patent  was  taken  by  Mr.  Papps,  for  the  same  object,  in 
which  the  principle  and  operation  are  the  same,  though  the  details  vary  a 
little.  A  third  patent  for  tne  same  object  was  granted  on  the  same  day  as  the 
last  mentioned,  to  Mr.  Ferrabee,  who  raises  the  pile  in  a  different  direction, 
namely,  from  the  middle  sloping  to  the  sides ;  for  this  purpose  he  employs  two 
series  of  teazles ;  each  series  is  attached  to  an  endless  cnain  which  passes  round 
two  cylinders  by  which  it  is  put  in  motion.  Two  of  the  cylinders  which  support 
and  give  motion  to  the  teazle  chains  are  placed  with  their  axes  extending  along 
the  middle  of  the  piece  of  cloth  to  be  operated  upon,  and  the  other  two  cylinders 
are  placed  near  the  selvages  of  the  cloth,  with  tneir  axes  parallel  thereto.  Each 
pair  of  cylinders  is  made  to  turn  in  a  direction  to  raise  the  pile  of  the  cloth 
from  the  middle  towards  the  selvages,  at  right  angles  to  them  when  the  cloth  is 
at  rest ;  but  when  an  end  motion  is  given  to  the  cloth,  which  is  effected  by 
means  of  two  cylinders  placed  at  right  angles  to  the  teazle  cylinders,  the  pile 
is  raised  in  an  angular  direction,  sloping  from  the  middle  towards  the  selvages. 
The  angle  of  the  work  may  be  variea  at  pleasure,  by  varying  the  relative  sp^ds 
of  the  different  sets  of  cylinders. 

The  processes  employed  in  dyeing  woollen  cloth  differ  considerably  from  those 
used  in  silk  and  cotton.  The  oil  is  first  removed  by  the  operations  of  the  fulling- 
mill,  where  it  is  beaten  with  large  beetles  in  troughs  of  water,  mixed  with  fuller's- 
earth  ;  and  when  thoroughly  cleansed  it  is  ready  for  dyeing.  The  only  colours 
used  in  dyeing  wool  bluCf  are  woad  and  indigo,  which  are  both  substantive 
colours,  that  is,  they  are  permanent  without  requiring  a  mordant  Quatre- 
mere  recommends  the  following  mode  of  preparing  a  blue  vat : — Into  a  rat 
about  seven  and  a  half  feet  deep,  and  five  and  a  half  broad,  are  thrown  two 
balls  of  woad,  weighing  together  about  400  lbs.,  first  breaking  them  ;  thirty 
pounds  of  weld  are  boiled  in  a  copper  for  three  hours,  in  a  sufficient  quantity  of 
water  to  fill  the  vat ;  when  this  decoction  is  made,  twenty  pounds  of  madder 
and  a  basket  full  of  bran  are  added,  and  it  is  boiled  half  an  nour  longer.  This 
bath  is  cooled  with  twenty  buckets  of  water  ;  and,  after  it  is  settled,  the  weld 
is  taken  out,  and  it  is  poured  into  the  vat ;  all  the  time  it  is  running  in,  and  for 
a  quarter  of  an  hour  after,  it  is  to  be  stirred  with  a  rake.  The  vat  is  then 
covered  up  very  hot,  and  left  to  stand  six  hours,  when  it  is  raked  again  for 
half  an  hour,  and  this  operation  is  repeated  every  three  hours.  When  blue  veins 
appear  on  the  surface  of  the  vat,  eignt  or  nine  pounds  of  quick  lime  are  thrown 
in.  Immediately  after  the  lime,  or  along  with  it,  the  indigo  is  put  into  the  vat, 
being  first  ground  fine  in  a  mill,  with  the  least  possible  quantity  of  water  (it  is 
now  usually  ground  dry.)  When  it  is  diluted  to  a  semi-fluid  consistence,  it  is 
drawn  off  at  the  lower  part  of  the  mill,  and  thrown  thus  into  the  vat.  The 
quantity  of  indigo  depends'upon  the  shade  of  colour  required.  From  ten  to 
thirty  pounds  must  therefore  be  put  to  the  vat  now  described,  according  to  the 
occasion. 

If,  on  striking  the  vat  with  the  rake,  a  fine  blue  scum  arises,  it  is  fit  for  use, 
after  being  stirred  twice  with  the  rake  in  six  hours,  to  mix  the  ingredients. 
Great  care  should  be  taken  not  to  expose  the  vat  to  the  air,  except  when  stirring 
it  As  soon  as  that  operation  is  over,  the  vat  is  covered  with  a  wooden  lid,  on 
which  are  spread  thick  cloths,  to  retain  the  heat  as  much  as  possible.  Not- 
withstanding this  care,  the  heat  is  so  much  diminished  at  the  end  of  eight  or 
ten  days,  that  the  liquor  must  be  re-heated,  by  pouring  the  greater  part  of  it 
into  a  copper  over  a  large  fire ;  when  it  is  hot  enough,  it  is  returned  into  the 
vat,  and  covered  as  before. 

This  vat  is  liable  to  two  inconveniences :  first,  it  runs  sometimes  into  the 
putrefactive  fermentation,  which  is  known  by  the  fetid  odour  it  exhales,  and 
by  the  reddish  colour  it  assumes.  This  accident  is  remedied  by  adding  more 
lime.  The  vat  is  then  raked ;  after  two  hours,  lime  is  put  in,  the  raking  per- 
formed again,  and  these  operations  are  repeated  till  the  vat  is  recovered;  aecondlyt 
if  too  much  lime  is  added,  the  necessary  fermentation  is  retarded ;  this  is  i 
medied  by  putting  m  mote  \kx«xi  ot  m«MKt^  <n  «^  basket  or  two  of  fresh  woftd» 
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When  cloth  is  to  be  dyed,  the  vat  is  raked  two  hours  before  the  operation  ; 
and  to  prevent  it  from  coming  in  contact  with  the  sediment,  which  would  cause 
inequalities  in  the  colour,  a  kind  of  lattice  of  large  cords,  called  a  cross,  is  intro- 
duced ;  when  unmanufactured  wool  is  to  be  dyed,  a  net  witli  small  meshes  is  placed 
over  this.  The  wool  or  cloth,  being  thoroughly  wetted  with  lukewarm  water, 
is  pressed  out,  and  dipped  into  the  vat,  where  it  is  moved  about  a  longer  or 
shorter  time,  according  as  the  colour  is  intended  to  be  more  or  less  deep,  taking 
it  out  occasionally  to  expose  it  to  the  air,  the  action  of  which  is  necessary  to 
change  the  green  colour,  given  the  stuff  by  the  bath,  to  a  blue.  Woollen 
and  cloth  dyed  in  this  manner  ought  to  be  carefully  washed,  to  carry  off  the 
loose  colouring  matter ;  and,  when  thev  are  of  a  deep  hue,  soap  should  be  used, 
as  it  will  only  cleanse  and  not  injure  tbe  colour.  Tlie  more  perfectly  the  wool 
has  been  scoured,  the  better  it  will  receive  the  dye. 

A  vat  which  contains  no  woad,  is  called  an  indigo-vat.  For  this  vat,  the 
indigo  is  rendered  soluble  in  water  by  potash  instead  of  lime ;  a  copper  vessel 
is  used,  and  six  pounds  of  potash,  twelve  ounces  of  madder,  and  six  pounds  of 
bran,  are  boiled  with  every  120  gallons  of  water;  six  pounds  of  finely-ground 
indigo  are  then  added,  and,  after  carefully  raking  it,  the  vat  is  covered,  and  a 
slow  fire  kept  round  it.  Twelve  hours  afterwards,  it  is  to  be  raked  a  second 
time,  and  this  operation  is  to  be  repeated  at  similar  intervals  of  time,  till  the 
dye  becomes  blue,  which  will  generally  happen  in  forty-eight  hours.  If  the 
bath  be  properly  managed,  it  will  be  of  a  green  colour,  covered  with  coppery 
scales,  and  a  fine  blue  scum. 

The  dye  called  Saxon  bJne  is  made  with  the  solution  of  indigo  in  sulphuric 
acid.  Take  four  parts  of  sulphuric  acid,  and  pour  them  on  one  part  of  indigo, 
in  fine  powder;  let  the  mixture  be  stirred  for  some  time,  and  after  it  has  stood 
twenty-four  hours,  add  one  part  of  dry  potash  ;  let  the  whole  be  again  well 
stirred,  and  after  it  has  stood  a  day  and  a  night,  add  gradually  more  or  less 
tvater.  The  cloth  to  be  dyed,  must  be  prepared  with  tartar  and  alum,  and  more 
or  less  indigo  must  he  put  into  the  bath,  according  to  the  shade  required.  For 
deep  shades,  also,  the  cloth  must  be  passed  several  times  through  the  bath ; 
light  shades  may  be  dyed  after  deep  ones,  but  they  will  not  have  the  lustre  given 
by  a  fresh  bath. 

Keds  are  a  very  important  class  of  colours,  and  are  furnished  by  a  great 
number  of  substances.  They  all  depend,  either  for  their  fixedness  or  beauty, 
upon  the  use  of  mordants ;  the  principal  of  them  are  kermes,  cochineal,  archil, 
madder,  carthamus,  and  Brazil-wood.  Pewter  boilers,  or  well-tinned  copper, 
must  be  used  in  preparing  all  red  baths. 

The  shades  of  red  are  usually  distinguished  into  three  classes ;  namely,  the 
madder  red,  crimson,  and  scarlet.  Madder  is  employed  for  coarse  goods.  It 
gives  out  its  colour  to  water ;  and  the  bath  prepared  with  it  is  not  made  hotter 
than  what  the  hand  can  bear,  until  the  wool  has  been  in  it  about  an  hour,  when 
it  may  be  boiled  for  a  few  minutes  just  before  the  wool  is  taken  out.  It  may  be 
used  in  the  proportion  of  one-third  or  one-fourth  of  the  wool  dyed.  Cloths  are 
prepared  for  the  madder-bath,  by  boiling  them  for  two  or  three  hours  in  a  solu- 
tion of  alum  and  tartar ;  after  having  been  taken  out  of  which,  they  are  left  to 
drain  for  a  few  days  in  a  cool  place  before  they  are  dyed.  The  use  of  archil 
gives  a  fine  but  transient  bloom  to  the  madder  dye.  Archil  and  Brazil-wood, 
nrom  their  perishableness,  are  seldom  used  to  wool^  except  in  this  way,  as 
auxiliaries. 

When  sulphate  of  copper  is  employed  as  the  mordant,  madder  dyes  a  clear 
brown,  inclining  to  yellow.     Tin  brightens  its  colour,  but  not  materially. 

Kermes  has  not  been  much  used  since  the  art  of  brightening  cochineal  with 
tin  was  discovered,  as  it  has  not  so  fine  a  bloom  as  the  latter  dye,  though  it 
possesses  greater  durability.  Kermes  imparts  its  colour  to  water ;  and  the  quan- 
tity of  it  used,  is,  for  a  full  colour,  at  least  three-fourths  of  the  weight  of  the 
wool  employed.  The  wool  is  put  in  at  the  first  boiling,  after  having  been  pre- 
Tiously  prepared  by  boiling  it  for  half  an  hour  in  water  with  bran,  and  after- 
wards two  hours  in  another  bath,  with  one-tenth  of  tartar  dissolved  in  sour 
"Water,  and  then  leaving  it  for  a  few  days  in  a  linen  bag. 
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The  red  colour  of  the  flowers  of  carthamus  is  extracted  by  a  weak  alkaline 
ley,  and  precipitated  by  lemon  juice  or  sulphuric  acid,  but  is  chiefly  used  for 
silk  and  cotton.  The  precipitate  u  used  in  dyeing,  and  is  called  Moffimetr  or 
bastard  sajfron, 

A  crimson  colour,  inclining  to  violet,  is  the  natural  colour  of  cochineal,  which 
yields  most  of  its  colouring  matter  to  water,  and,  by  the  addition  of  a  little  alkali 
or  tartar,  the  whole  of  it  is  extracted.  To  dye  crimson  by  a  single  process,  a 
solution  of  two  ounces  and  a  half  of  alum,  and  an  ounce  and  a  half  of  tartar, 
with  an  ounce  of  cochineal,  is  employed  for  every  pound  of  stufll  A  little  nitro- 
muriate  of  tin  must  be  added  for  a  fine  crimson.  Archil  gives  to  crimsons  that 
fine  dark  shade  which  is  called  bloom,  but  this  soon  disappears,  by  exposure  to 
the  air  and  light.  For  pale  crimsons,  the  quantity  of  cochineal  is  reduced,  and 
madder  substituted. 

Dr.  Bancroft  first  suggested  that  scarlet  was  a  compound  of  crimson  and 
yellow,  and  he  founded  upon  this  idea,  a  more  economical  mode  of  producing  it 
than  had  previously  been  used.  He  gives  the  following  directions  for  dyeing 
scarlet : — One  hundred  pounds  of  cloth  are  to  be  put  into  a  tin  vessel,  nearly 
filled  with  water,  with  which  about  eight- pounds  of  the  murio-sulphune  solu- 
tion of  tin  have  been  previously  mixed.  The  liquor  is  made  to  boil,  and  the 
cloth  is  turned  through  it  by  the  winch,  for  a  quarter  of  an  hour,  in  the  usual 
manner.  The  cloth  is  then  taken  out,  and  four  pounds  of  cochineal,  with  two 
pounds  and  a  half  of  quercitron  bark  in  powder,  put  into  the  bath  and  well 
mixed.  The  cloth  is  then  returned  into  the  liquor,  which  is  made  to  boil,  and 
the  operation  is  continued  as  usual,  till  the  colour  be  duly  raised,  and  the  dyeing 
liquor  exhausted,  which  will  usually  happen  in  about  fifteen  or  twenty  minutes, 
after  which,  the  cloth  may  be  taken  out  and  rinsed.  In  this  method,  the  labour 
and  fuel  necessary  in  the  common  process  for  the  second  bath  are  saved ;  the 
operation  is  finished  in  much  less  time ;  all  the  tartar  will  be  saved,  as  well  as 
two-thirds  of  the  expense  of  the  solvent  for  the  tin,  and  at  least  one-fourth  of 
the  cochineal  usually  required ;  the  colour,  at  the  same  time,  will  not  be  in  any 
respect  inferior  to  that  produced  in  the  ordinary  way,  at  so  much  more  trouble 
and  expense,  and  it  will  even  look  better  by  candle-light  than  others. 

By  omitting  the  quercitron-bark,  the  above  process  will  afibrd  a  rose-colour. 
Scarlet  may  be  changed  to  crimson  by  boiling  the  cloth  in  a  solution  of  alum 
till  the  shade  desired  is  obtained.  Alkalies  and  earthy  salts  in  general  have  the 
same  eflTect  as  alum. 

Yellow  is  a  colour  but  rarely  required  in  the  dyeing  of  wool,  yet,  aa  it  fre- 
quently forms  the  base  of  other  colours,  it  may  be  proper  to  notice  it  Weld 
fustic,  and  quercitron  bark,  furnish  the  best  yellows :  weld  is  a  plant  which  isi 
both  cultivated  and  grows  wild  in  this  country  ;  the  stem  is  slender,  and  rises 
to  the  height  of  three  or  four  feet ;  the  entire  plant  is  used  in  dyeing,  and  is 

fathered  when  it  is  ripe  :  the  shortest  and  slenderest  stems  are  the  most  esteemed. 
'ustic  is  the  wood  of  a  large  West  Indian  tree.  Quercitron  grows  in  great 
abundance  in  North  America,  and  is  there  called  yellow  oak ;  its  bark  is  the 
only  part  used  for  dyeing. 

'J'he  colours  obtained  from  weld  and  quercitron  both  nearly  resemble  each 
other  in  shade,  and  also  in  durability,  which  is  not  great ;  but  the  bark  contain- 
ing the  largest  quantity  of  colouring  matter  is  not  only  the  most  convenient  to 
use,  but  upon  the  whole  the  cheapest.  Dr.  Bancroft  has  given  the  best  direc- 
tions for  its  use.  He  directs  a  deep  and  lively  yellow  to  be  thus  prepared  for 
wool ! — Let  the  cloth  be  boiled  for  an  hour  or  more,  with  about  one-sixth  of  its 
weight  of  ^alum  dissolved  in  a  sufiicient  quantity  of  water ;  then  plunge  it  with- 
out rinsing  into  a  bath  of  warm  water,  containing  in  it  as  much  quercitron  bark 
as  equals  the  weight  of  the  alum  employed  as  a  mordant  The  cloth  is  to  be 
turned  through  the  boiling  liquid  until  it  has  acquired  the  intended  colour. 
Then  a  quantity  of  clean  powdered  chalk,  equal  to  the  hundredth  part  of  the 
weight  of  the  cloth,  is  to  be  stirred  in,  and  the  operation  is  completed.  The 
object  which  the  dyer  has  in  view  is  to  give  his  stuffs  a  unifoim  and  durable 
colour,  at  the  same  time  that  he  entirely  preserves  their  original  texture.  He 
therefore  uses  coVouTa  Va  wAvLUotk^  m  ^<^x  that  their  pariidea  may  apply  tbaan- 
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selret  to  the  individual  fibres  of  the  stuffy  according  to  their  affinity  for  it  When, 
for  example,  a  quantity  of  wool,  freed  from  all  impurity,  is  dipped  into  the  solution 
of  any  colouring  matter,  if  the  fibres  of  the  wool  have  a  stronger  attraction  for 
the  colouring  matter  than  the  water  or  other  menstruum  which  holds  that  colour 
in  solution,  the  colouring  matter  will  leave  its  solvent,  and  apply  itself  to  the 
wool,  which  will  by  that  means  be  dyed  ;  its  fibred  will  have  become  covered 
with  colouring  matter ;  and  if  their  attraction  for  it  be  so  strong  that  the  action 
of  soap,  air,  and  light,  or  other  ordinary  means  of  exposure,  shall  have  no  per- 
ceptible effect  in  decomposing  the  combination,  or  in  other  words,  of  injuring  its 
tinge,  the  colour  is  said  to  be  permanent;  so  that  dycin;^  is  in  facta  chemical 
process,  and  the  application  of  both  animal  and  vegetable  bodies  depends  oa 
their  chemical  affinities. 

WRITING.  The  art  of  communicating  our  ideas  to  others  by  means  of  in- 
scribed signs  or  characters.  Amongst  the  various  arts  which  have  from  time  to 
time  contributed  to  the  improvement  and  advancement  of  society,  there  is,  per- 
haps, none  which,  in  point  of  utility  and  excellence,  will  at  all  admit  of  compari- 
son with  the  art  of  writing.  Yet  because  this  art  may  now  be  acquirea  by 
every  body,  it  fails  to  attract  the  attention  and  command  the  admiration  it  so 
well  merits.  How  curious  and  beautiful  soever  a  new  discovery  niuy  be,  let  it 
once  become  common,  and  from  that moment  it  ceases  to  be  noticed  ;  that  which 
is  within  the  grasp  of  every  body  is  despised.  The  time  was,  when  a  man  who 
could  write  was  higiily  distinguished  amongst  his  fellows ;  but  the  time  is  ap- 
proaching, when  a  man  who  cannot  write  will  be  pointed  out  as  a  remarkable 
character. 

In  the  first  agea  of  the  world,  while  society  was  in  its  infancy,  mankind  had 
dearly  no  other  method  of  exnressing  their  ideas  in  writing,  than  the  simple  one 
of  making  a  figure  of  the  shape  of  the  object     And  this  method  must  have 
been  long  before  their  dispersion  ;  for  it  has  been  found  to  exist  amongst  the 
most  rude,  as  well  as  the  most  polished  nations  of  the  globe ;    situated  too  at 
such  remote  distances  from  each  other  as  to  preclude  intercourse  with  the  rest 
of  mankind.     This  mode  of  writing  seems  the  most  natural,  because  the  repre- 
sentation of  sounds,  which  express  the  names  of  things,  by  certain  characters  or 
alphabets  now  so  extensively  in  use,  must  necessarily  require  some  previous 
concert  between  two  parties,   the  one  of  whom  suggests,  and  the  other  agrees, 
that  a  particular  mark  or  form  on  paper,  shall  be  tne  symbol  for  a  particular 
sound.     But  if  we  suppose  a  savage  separated  from  his  friend,  and  wishing  to 
communicate  with  him,  without  having  had  this  previous  consultation,  and  sup- 
posing that  he  has  lent  his  distant  acquaintance  some  articles  of  furniture,  such 
as  his  bow  and  arrows,  or  his  knife,  which  he  is  anxious  to  have  returned, 
without  the  knowledge  of  his  messenger,  or  being  dependant  upon  his  memory ; 
it  seems  highly  probable,  that  his  first  impulse  would  be  to  make  a  rude  sketch 
of  these  articles,  and  transmit  them  to  his  friend.    Were  the  latter  an  acute  man, 
he  would  probably  understand  the  allusion ;  and  were  he  not  intelligent  enough 
fur  this  purpose,  it  is  clear  he  would  not  be  sufficiently  so  to  comprehend  sym- 
bols that  denote  sounds.     So  that  the  simplicity  of  this  mode  of  writing  might 
suggest  the  probability  of  its  being  first  resorted  to^  without  alluding  to  the  hiero* 
glyphics  yet  remaining  on  the  Egyptian  tombs,  which,  from  our  want  of  acquaint- 
ance with  the  manners,  customs,  and  general  objects  with  which  the  Egyptians 
were  conversant,  are  very  difficult  to  decipher,  if  we  may  judge  from  the  learn- 
ing displayed  in  explaining  them.     In  Freycinet  and  Aragos  Voyage  is  given 
the  drawing  of  a  letter,  written  in  this  kin(f  ef  language,  from  an  inhabitant  of 
the  Caroline  Islands  to  M .  Martinez^  which  i^  perfectly  intelligible.     M.  Mar- 
tinez had  commissioned  a  Tamor  of  Sathoual  to  send  him  some  shells,  promising 
in  exchange  a  few  pieces  of  iron.     The  captain  gave  him  a  sheet  of  paper,  on 
which  he  sketched  with  a  red  pigment,  first,  in  the  middle  of  the  top  of  the  page, 
a  small  figure  of  a  man  with  liis  arms  extended  horizontally,  intended  to  repre- 
sent the  bearer  of  compliments;  and  underneath  the  man,  the  branch  of  a  tree, 
ns  the  type  of  peace  and  amity.  On  ihe  left  hand  side  were  represented  the  forms 
of  nine  diffifrent  shells  the  Carolinean  had  to  send ;  and  on  the  right  hand  side 
were  delineated  the  objects  he  desured  in  exchange ;  namely,  three  large  fishing- 
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hooks,  four  small  ones,  two  axes,  and  two  longer  pieces  of  iron.  The  harter  was 
accomplished  to  the  satisfaction  of  hoth  parties.  This  is,  perhaps,  as  clear  an 
instance  as  can  he  found,  of  the  mode  in  which  an  unlettered  people  would  en- 
deavour to  convey  the  expression  of  their  wishes  to  their  friends  at  a  distance, 
and  forms  a  striking  contrast  to  the  elegant  though  complicated  process  of  our 
own  method  of  writing. 

The  written  language  of  the  Chinese  affords  many  proofs  of  its  having  origi- 
nated  in  picture  writing.  This  method  of  writing,  of  course,  required  consider- 
ahle  patience  and  skill  to  practise,  and  hy  common  consent  the  characters  or 
signs  were  from  time  to  time  simplified,  so  as  to  be  expressed  by  much  fewer 
lines.  In  Egypt,  where  the  progress  of  the  arts  was  greatly  encouraged,  means 
were  discovered  to  substitute  the  original  figures  by  very  simple  marks,  by  re- 
taining only  the  most  prominent  peculianties  of  the  objects,  and  these,  from 
their  superior  convenience  and  facility  of  execution,  soon  ajfterwards  became 
universally  adopted.  Yet  it  may  be  readily  conceived,  that  there  remained  many 
difficulties  to  overcome,  by  the  great  variety  and  intricacy  of  the  figures.  To 
simplify,  therefore,  the  method  of  writing  still  further,  the  priests  turned  many 
of  the  outlines  into  arbitrary  marks,  which  in  course  of  time  so  deviated  from 
their  originals,  as  to  render  it  almost  impossible  to  trace  them  to  their  archetype, 
but  which  were  nevertheless  much  less  complicated  and  more  expeditious.  Thus, 
after  incredible  labour,  through  the  lapse  of  many  ages,  were  produced  the  three 
different  modes  of  writing  among  the  Egyptians,  designated  by  the  appellation 
of  hieroglyphic^  demoticj  and  hieratic.  Into  the  nature  of  tiiese  our  limits  do  not 
permit  us  to  enter;  but  they  constitute  a  subject  well  worthy  of  attention. 

The  next  step  of  improvement  was  to  form  a  connexion  between  the  object 
represented,  and  the  sound  of  the  word  used  to  express  it.  Nor  was  this  so 
difficult  as  would  at  first  sight  be  supposed :  for  when  a  man  represented  any 
image  or  picture,  that  of  a  "door"  for  instance,  he  would  naturally  give  to  the 
combination  of  lines  with  which  that  figure  was  formed,  the  name  of  a  "  door;" 
and  wherever  he  met  with  this  representation,  or  even  though  he  should  change 
it  for  some  arbitrary  and  more  simple  mark,  having  the  same  signification,  the 
same  name  would  still  remain  attached  to  it,  and  by  this  means  the  word  door 
would  for  ever  afterwards  remain  associated  with  a  certain  outline  or  figure.  The 
Hebrew  alphabet  affords  a  most  satisfactory  illustration  of  this.  Ever}'  letter  is, 
in  fact,  a  word,  and  expresses  some  simple  object  Deleth,  for  example,  their 
fourth  letter,  corresponding  with  our  D,  signifies  a  '*door;"  [Beth,  their 
second  letter,  answering  to  our  B,  "  a  house,"  and  in  this  manner  each  of  the 
remaining  letters  of  the  alphabet  have  a  meaning  attached  to  them.  Having 
attained  this  state  of  advancement,  the  progress  of  the  art  was  more  rapid.  Every 
nation,  in  its  turn,  contributed  some  letters  to  the  common  stock  ;  m  a  happy 
moment  it  was  discovered,  that  each  monosyllable  terminated  by  a  sound  which, 
with  very  little  variation,  was  repeated  in  all.  Nor  was  it  difficult  to  ascertain 
the  number  of  these  which  were  invariably  fixed  to  the  four  or  five  inflexions  of 
voice.  Thus  were  vowels  added  to  consonants,  and  mankind  gradually  arrived 
at  the  greatest  of  all  inventions, — the  invention  of  the  alphabet.  But  who  was 
the  man,  or  what  his  nation,  to  whom  the  honour  of  this  invention  is  due,  is  still 


it  shortened  the  labour  of  memory,  and  was  capable  of  expressing  all  subjects, 
and  all  ideas.  The  Hi cenicians  obtained  a  knowledge  of  the  8}'stem,  imparted  it 
to  the  Greeks,  whence  it  was  gradually  spread  over  the  continent  to  our  islands, 
and  was  at  length  diffused  over  the  whole  world.  The  first  substance  used  for 
writing  upon  is  considered  to  have  been  dried  leaves ;  but  there  is  much  evi- 
dence to  show,  that  plates  of  brass,  lead,  wood,  stone,  ivory,  and  wax,  were  also 
used.  The  ancients  generally  used  tables  covered  with  a  coat  of  wax,  on  which 
they  wrote  with  a  sti/l^,  apiece  of  iron  pointed  at  the  end,  with  which  they  made 
the  letters,  and  blunt  or  flat  at  the  oilier  end,  which  they  used  for  rubbing  out 
what  they  had  written,  either  when  they  wished  to  make  any  alteration  or  to 
use  the  table  for  otVicT  ^tAVu^.    B^  «^  ^ood  or  bad  style,  therefore,  tl^ey  meant 
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at  first  simply  to  denote  the  quality  of  the  instrument  witli  which  they  wrote. 
The  term  was  afterwards  applied  metaphorically  to  the  language :  in  which  sense 
it  is  now  used. 

Among  the  different  substances  that  were  employed  for  writing  upon,  before 
the  art  of  making  paper  from  linen-rags  was  discovered,  we  find  the  earliest  to 
have  been  these  tables  of  wood,  made  smooth,  and  covered  with  wax.  But  as 
what  was  written  on  wax  might  easily  be  defaced,  leaves  of  the  papyrtu,  a  kind 
of  flag,  which  grew  in  great  abundance  in  the  marshes  of  Egypt,  were  dried, 
and  by  a  particular  process  prepared  for  writing.  Sheets  were  also  separated 
for  the  same  purpose  from  tne  stem  of  the  plant.  On  these,  the  letters  were 
engraved  with  an  instrument  similar  to  that  used  for  writing  on  wax.  The  sub- 
stance so  prepared  was  called  chartOf  from  a  city  of  Tyre  of  that  name,  near 
which  the  plant  was  also  found.  The  words  folia,  leaves,  and  charta  paper,  thus 
derived,  are  well  known  among  ourselves. 

As  in  writing  a  treatise,  a  great  number  of  these  leaves  or  sheets  was  required, 
they  were  joined  together  by  making  a  hole  and  passing  a  string  through  each 
of  them.  With  the  same  string  passed  several  tmies  round  them,  they  were 
confined,  to  prevent  their  separating,  and  being  injured  or  lost  when  no  one 
was  reading  toem  ;  whence  it  is  supposed  that  a  roll  or  bundle  of  them  obtained 
the  name  of  a  volumen,  or  volume.  Those  who  have  seen  specimens  of  the 
Burmese  writing  on  leaves  thus  collected,  may  form  an  accurate  notion  of  an 
ancient  papyrus  volume. 

Another  article  used  for  writing,  was  the  inner  bark  of  certain  trees.  This 
was  prepared  by  beating  it,  and  then  cementing  it  together  by  a  solution  of 
gum.  As  the  mner  bark  of  trees  is  called  libera  the  volumes  of  books  were 
Uience  called  Ubri,  a  name  they  still  retain.  Vellum,  the  last  substance  to  be 
mentioned,  is  said  to  owe  its  origin  to  the  following  circumstance.  Eumanes, 
King  of  PergamuB,  being  desirous  of  forming  a  library  that  should  equal,  or 
exceed  in  number  the  far-famed  library  of  Alexandria,  Ptolemy,  King  oi  Egypt, 
with  a  view  of  frustrating  his  design,  prohibited  the  exportation  of  the  papyrus. 
This  excited  the  industry  of  some  artists  in  the  court  of  Eumanes  :  they  con- 
trived a  method  of  preparing  the  skins  of  sheep,  and  it  was  called  vellum,  from 
vellus,  a  fleece  or  skm ;  and  parchment,  from  Pergamus,  the  place  where  the  art 
of  preparing  it  was  discovered^  or,  if  not  discovered,  it  was  there  improved,  and 
first  brought  into  general  use. 

The  Greeks  and  Romans  as  well  as  most  of  the  eastern  nations  adopted  the'form 
of  the  continuous  roll.  There  were  two  rollers,  one  at  each  end  of  the  roll, 
roimd  one  of  which  the  whole  manuscript  was  folded :  the  reader  unrolled  one 
end,  and  as  he  proceeded,  he  rolled  it  upon  the  empty  roller  until  the  whole 
was  transferred  from  one  roller  to  the  otner.  Notwithstanding^  the  great  incon- 
venience which  this  contrivance  inflicts  upon  readers,  especially  when  they  have 
occasion  to  refresh  their  minds  by  occasional  references  to  passages  lying  under 
many  coils  of  the  roll,  our  Court  of  Chancery  retains  the  "  good  old  practice," 
for  the  pm'pose,  it  would  almost  appear,  of  deterring  people  from  reading  the 
specifications  of  patents  and  other  public  records.  Persons  who  go  to  read  these 
documents  at  the  InrolmetU  Office,  or  The  Rolls  Chapel  Office,  should  prepare 
themselves  to  have  the  sleeves  and  breasts  of  their  coats  grouted  in  by  the 
lime  dust  by  which  the  rolls  of  parchment  are  whitened ! 

Although  much  information  upon  the  manners  of  the  Romans  has  been  ob- 
tained by  the  discovery  of  two  Roman  cities,  which  had  been  hidden  by  the 
cinders  thrown  from  Moimt  Vesuvius,  by  the  eruption  about  the  year  a.  d. 
79  ;  but  little  more  is  known  upon  the  subject  of  their  books  and  manner  of 
writing,  than  was  known  before  the  excavations.  Rolls  of  brittle  material,  about 
eight  inches  long  and  about  two  inches  in  thickness,  were  frequently  discovered 
by  the  workmen  during  the  operations  at  Pompeii ;  but  it  was  not  first  known 
that  these  were  books  :  upon  examination,  however,  they  proved  to  be  papyrus 
glued  together.  At  one  end  of  most  of  them  was  a  label,  upon  which  was 
written  the  title  of  the  book,  and  the  author's  name.  Of  these  rolls,  Camillo 
Paderni  carried  away  three  hundred  and  thirty-seven,  which  he  collected  from 
the  rubbish  during  twelve  days  which  he  passed  among  the  ruins  of  Pompeii, 
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The  papyrus  has  become  so  brittle,  in  consequence  of  the  heat  of  the  ashes, 
that  no  one  has  yet  succeeded,  to  any  extent,  in  unrolling  them.  Piassi,  a 
monk,  discovered  a  way  of  unrolling  them,  by  putting  thin  slices  of  onion  be* 
tween  the  folds  of  the  manuscript  as  he  carefully  separated  them  with  a  knife. 
This  is  the  best  contrivance  which  has  yet  been  adopted,  but  it  cannot  be  said 
to  have  proved  successful.  After  all  the  time  and  money  which  have  been  be- 
stowed upon  this  object,  it  is  to  be  regretted  that  few  works  have  been  recovered. 
Some  of  these  rolls  are  forty  feet  in  length ;  many  of  them  have  been  taken  to 
the  University  of  Cambridge,  where  they  have  remained  many  years,  without 
any  attempt  having  been  made  to  unrol  them. 

The  labour  bestowed  upon  ancient  manuscript  books  was  immense.  As  they 
were  intended  to  answer  all  the  purposes  of  a  modem  printed  book,  their 
durability  was  of  the  greatest  importance.  The  ancient  copyists  therefore  paid 
great  attention  to  the  manufacture  of  their  inks,  as  well  as  the  parchment ;  in 
this  art  they  were  so  successful,  that  most  of  the  very  ancient  manuscripts 
which  are  now  extant,  are  as  legible,  and  the  ink  is  as  black  and  bright,  as  if 
they  had  been  but  just  written.  It  is  supposed  that  the  ink  owes  this  beautiful 
colour  to  the  lamp-black.  Some  ink  was  found  in  a  glass  bottle  at  Herculaneum, 
which  was  very  thick  and  oily.  It  was  owing,  perhaps,  to  its  glutinous  nature,  that 
the  persons  employed  to  take  down  the  speeches  delivered  by  the  orators  in  the 
Forum,  preferred  writing  on  waxen  tablets,  which  required  a  very  slight  touch 
to  mark  them.  Jt  would  have  been  an  operation  almost  laborious  to  write  with 
such  ink  as  this  found  at  Herculaneum,  and  the  writer  would  have  proceeded 
very  slowly,  and  would  not  have  been  able  to  follow  the  speaker.  There  is  one 
sreat  objection  to  this  ink  ;  it  does  not  enter  sufficiently  Into  the  parchment,  and 
IS,  therefore,  easily  obliterated.  The  Romans  made  ink  of  various  colours  ;  the 
emperors  in  the  latter  times,  when  wealth  and  luxury  had  destroyed  the  empire, 
endeavoured  to  make  an  appearance  of  grandeur,  by  writing  with  purple  ink. 
Materials  more  valuable  were  sometimes  used,  when  the  writings  were  of  value ; 
the  works  of  Homer  were  written  in  letters  of  gold,  upon  a  roll  120  feet  long, 
formed  of  the  intestines  of  serpents.  The  Hebrews  alsu  are  remarkable  for  the 
beauty  of  their  manuscripts ;  the  letters  are  as  evenly  formed  as  it  would  be 
possible  to  form  them  in  a  type  ;  it  is  almost  impossible  to  believe  that  tliey  can 
nave  been  written  by  a  pen.  All  the  eastern  nations  make  their  pens  of  reeds, 
which  were  well  suited  to  the  broad  character  of  their  writing;  the  reeds  are 
brought  from  the  East  to  F.urope,  and  are  used  by  the  scholars  in  eastern 
literature ;  they  are  still  used  by  many  people  in  the  East  at  this  day.  Reeds 
were  used  by  other  nations  also.  Pens  made  of  ^hem  were  discovered  during 
the  excavations  at  Pompeii ;  they  are  cut  like  a  quill  pen,  except  that  the  nib  is 
much  broader. 

The  quill  pen  appears  to  have  been  introduced  about  the  year  600  ;  the  word 
penna,  meanmg  a  quill,  is  not  found,  it  is  said,  in  any  work  of  an  earlier  period  ; 
previous  to  that  date,  the  word  calamus  was  used,  which  signifies  a  reed.  Paper 
was  introduced  into  Europe  in  the  ninth  or  tenth  century.  It  had  previously 
been  manufactured  in  China  from  a  very  remote  period.  About  the  year  716 
a  manufactory  of  it  was  established  at  Mecca,  from  whence  it  was  brought  by 
the  Greeks  to  Constantinople. 

We  might  have  extended  this  article  by  some  account  of  modem  writing,  but 
our  space  will  not  admit  of  it ;  and  it  is  scarcely  needful,  as  most  of  our  readers 
are  well  informed  upon  the  matter.  We  shall  therefore  conclude  by^a  few 
remarks  upon  the  peculiar  direction  of  the  writings  of  different  nations.'  The 
Jews  write  from  the  right  hand  to  the  lefl ;  the  Chinese  from  the  top  to  the 
bottom ;  most  other  nations  write  as  we  do,  from  the  left  to  the  right. 

X. 

XEBEC.  A  three-masted  vessel  of  a  peculiar  constmction ;  chiefly  employed 
in  the  Mediterranean.  They  are  built  extremely  low,  with  a  veiy  coiiYex  deck, 
and  carry  a  great  preu  ot  vaiX.    K%  \.\!k^  «fta  eonunonly  breaks  orer  the  deck, 
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they  are  provided  with  grated  platforms  at  the  sides,  for  walking  upon.  We 
have  occasionally  seen  them  in  the  Thames,  employed  as  merchantmen,  but 
their  chief  employment  is  in  warfare. 


Y. 


YACHT.  A  sailing-vessel,  fitted  up  with  great  elegance,  and  replete  with 
conveniences.  It  is  difHcult  to  define  any  peculiarity  belonging  to  them ;  ai 
the  term  yacht  is  applied  to  so  great  a  variety  of  forms ;  some  represent  com- 
plete three-masted  snipt,  but  of  a  diminutive  size ;  while  others  are  mere  plea- 
sure boats. 

YARD.  An  English  lineal  measure,  containing  three  feet,  or  thirty-six 
inches ;  also  1760  yards  make  a  mile.  The  square  yard  contains  3X3  =  9 
square  feet ;  4840  square  yards  are  an  acre,  and  3,097,600  a  square  mile.  The 
cubic  or  solid  yard  contains  (3X3X3)  =27  cubic  feet.  The  yard  by  which 
cloth  is  measured,  is  the  lineal  yard  above-mentioned,  but  for  convenience, 
divided  into  four  quarters,  or  sixteen  nails.  This  measure  was  instituted  by 
Henry  I.  being  the  length  of  his  own  arm. 

YARD.  A  long  piece  of  timber  or  pole  tapered  towards  each  end,  and  sua* 
pended  upon  the  masts  of  a  vessel,  to  extend  the  sails  to  the  wind. 

YARN.  Flax,  wool,  or  other  fibrous  matter,  spun  into  a  loose  thread ;  of 
which  cloth  or  cordage  is  made.  The  process  in  preparing  yam,  has  been  gene- 
rally treated  under  the  various  substances  of  which  it  is  formed.  In  this  place 
we  shall  therefore  confine  our  attention  to  yarn  of  a  peculiar  character,  for 
which  a  patent  was  granted  in  1832,  to  Mr.  Greaves,  of  Chorley,  in  Lancashire. 
This  invention  consists  in  dyeing  cotton  in  the  wool,  of  various  colours,  and  of 
every  gradation  of  tint,  and  to  mix  the  same  up  in  various  ways,  with  bleached 
white  cotton,  so  as,  by  their  union,  to  produce  a  self-varied  colour  of  yarn, 
thread,  or  stufi^  without  such  fabrics  undergoing  afterwards,  as  usual,  the  pro- 
cess of  dyeing. 

The  patentee  states  his  plan  to  be,  to  dye  separate  portions  of  cotton-wool  of 
the  seven  primitive  colours  ;  and  other  portions  of  cotton-wool  of  various  shades 
or  tints  of  the  foregoing ;  and  with  these,  together  with  white  cotton,  according 
to  the  taste  of  the  operator,  to  prepare  yarn.  Suppose,  for  instance,  that  the 
manufacturer  required  a  peculiar  green,  he  would  take  the  primitive  colours, 
yellow  and  blue,  and  mix  them  together  in  such  proportions  as  would  produce 
the  exact  tint  desired,  adding  yellow  to  lighten,  and  blue  to  deepen  the  colour ; 
if  an  orange,  yellow  and  red  ;  if  purple,  blue  and  red  or  pink  ;  and  by  varying 
the  nature  and  proportions  of  the  combination  of  the  primitive  colours  of  tlie 
cotton-wool,  and  their  several  shades,  every  possible  variety  of  tint,  and  every 
gradation  of  shade,  may  be  obtained  with  the  utmost  facility. 

When  the  due  proportions  of  coloured  cottoi\,  are  put  together,  it  is  to  undergo 
the  same  processes  as  if  it  were  in  a  white  state, — such  as  roving,  spinning, 
twisting,  winding,  and  doubling,  to  make  it  into  yarn  or  thread,  in  which  st^te 
it  may  be  either  used  for  sewing,  embroidery,  &c.,  or  be  woven  into  fabrics,  as 
in  other  yarns,  and  will  not  require  any  subsequent  operation,  such  as  dyeing, 
beside  avoiding  the  bleaching  process,  which  is  always  liable  to  deteriorate  the 
colour  as  well  as  the  strengtii  of  the  fabric. 

A  method  of  printing  yarn  was  also  patented  by  Mr.  Schwabe,  of  Manchester, 
in  1831,  which  is  described,  with  figures,  in  Hebert's  *' Journal  of  Patent  Inven- 
tions," vol.  vi.  p.  171,  which  we  have  not  space  to  insert. 

YEAST.  The  scum  thrown  up  in  the  fermentation  of  beer.  See  Barm,  Fer- 
mentation, Bread,  and  Beer. 

YTTRIA.  A  peculiar  substance  discovered  in  1704,  byGadolin:  whether 
it  be  an  earth  or  metal,  the  learned  are  not  agreed.  1'hat  great  authority.  Sir 
H.  Davy,  says  that  it  consists  of  inflammable  matter,  metallic  in  nature,  com- 
bined with  oxygen.    Its  specific  gravity  is  4.842» 
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Z. 


Z  AFFRE.  Theresiduum  of  cobalt,  after  the  sulpliur,  arsenic,  and  other  vola- 
tile matters  of  this  mineral,  have  been  expelled  by  calcination.  The  ores  of 
cobalt  are  roasted  in  verberatory  furnaces,  provided  with  chambers  to  receive 
the  arsenic :  the  product  of  zaffre  is  usually  about  68  per  cent  of  that  of  the 
ore.  The  ores  that  contain  much  nickel  are  not  fit  for  the  preparation  of 
Zaffire,  as  the  oxide  of  nickel  would  injure  the  beauty  of  the  blue  colour,  or 
tmalts,  for  the  making  of  which  zaffi-e  is  manufactured.  Inferior  kinds  of 
zaffre  are  made  by  mixing  this  oxide,  previously  stamped  and  sifted  to  a  fine 
powder,  along  with  calcined  flints  or  quartz,  also  ground  in  various  proportions 
according  to  the  use  for  which  it  is  intended,  moistening  the  whole  with  water, 
and  packing  it  tight  in  casks,  where  it  hardens  to  a  stone.  A  very  tine  zaffre, 
or  China  blue,  is  obtained  from  the  arsenical  and  grey  cobalt  ore,  found  in  Corn- 
wall, by  boiling  the  powdered  ore  in  nitric  acid,  which  converts  the  arsenic 
into  arsenical  acid,  and  unites  it  with  the  different  metals  contained  in  the  ore. 
The  solution  being  diluted  with  a  large  quantity  of  water,  purified  pearl-ash 
water  is  then  added  in  small  portions  to  the  diluted  sdlution  ;  and  on  the  addition 
of  each  portion  the  liquid  is  well  stirred,  left  to  settle,  and  the  clear  part  poured 
off.  This  is  repeated  until  the  solution  becomes  of  a  rose  colour,  which  shows 
that  it  contains  only  the  arseniate  of  cobalt.  The  pearl-ash  water  is  then  added 
in  larger  quantity  than  is  necessary  to  throw  down  all  it  contains,  and  the  solu- 
tion is  boiled  for  a  few  minutes.  Being  then  left  to  settle,  the  liquid  is  filtered, 
the  oxide  of  cobalt  left  on  the  filter,  washed  with  boiling  water,  and  dried.  This 
oxide  is  then  melted  with  feldspar  and  a^little  potash,  and  thus  yields  a  beautiful 
zaffre  for  painting  porcelain.  Another  method  is  to  grind  the  ore,  mix  it  with 
two  or  three  times  its  weight  of  China  ware,  grossly  powdered,  and  heat  it  very 
strongly.  The  whole  is  then  put  into  three  or  four  parts  of  nitric  acid,  diluted 
with  an  equal  weight  of  water.  The  clear  solution  is  poured  off,  evaporated 
gently  to  a  syrupy  consistence,  diluted  afresh  with  water,  left  to  settle,  poured 
off  clear  from  the  arsenic  that  is  separated,  and  then  the  pearl-ash  water  is  added 
by  small  portions,  and  the  operation  finished  as  in  the  former  process.  Zaffre  is 
used  for  making  smalts,  and  for  painting  on  the  best  kinds  of  pottery.  The 
common  zaffre  is  cheap,  but  the  best  sells  for  two  guineas  the  pound  in  the  pot- 
teries.    Zaffre  is  likewise  used  in  the  manufacture  of  cobalt. 

ZEALAND  (New)  FLAX.  The  phormium  tenax  of  naturalists.  Its  com- 
mercial name  has  been  acquired  from  the  circumstance  of  the  natives  of 
New  Zealand  employing  it  in  the  manufacture  of  their  apparel,  cordage,  and  all 
those  purposes  for  which  hemp  and  flax  are  used  in  other  countries.  The  strength 
of  its  fibres,  however,  greatly  exceeds  those  of  the  last-mentioned  vegetable  sub- 
stances ;  and  indeed,  nearly  approaches  the  tenacity  of  silk.  Of  this  plant 
there  are  two  sorts, — one  becoming  a  red  flower,  the  other  a  yellow.  The  leaves 
of  both  are  similar  to  those  of  the  common  flax  plant,  but  the  flowers  are 
smaller,  and  the  clusters  more  numerous.  The  Zealanders  obtain  the  flax  from 
them  by  very  simple  and  expeditions  means.  The  fibres  are  beautifully  fine, 
and  white,  shining  like  silk ;  the  cordage  made  from  it  was  found  by  our  uavi- 
eators  to  be  very  much  stronger  than  any  thing  we  could  produce  with  hemp. 
With  the  view  of  introducing  the  growth  of  so  valuable  a  plant  in  this  country, 
Captain  Ferneaux  brought  over  some  of  the  seeds,  whicli  were  sown  in  Kew 
Gardens,  by  order  of  his  late  Majesty,  but  unfortunately  failed.  Subsequent 
to  this  period,  the  culture  has  been  very  successfully  pursued  by  our  settlers  in 
New  South  Wales.  We  are  indebted  to  Mr.  Wm.  Salisbury,  of  Brompton,  for 
the  discovery  of  this  identical  plant,  growing  indigenously  in  the  south  of  Ire- 
land, where  it  flourishes  luxuriously.  This  discovery  will  probably  prove,  ulti- 
mately, of  the  utmost  importance  to  Ireland,  where  the  poor  may  be  profitably 
employed,  both  in  the  culture  and  subsequent  manufacture.  Mr.  Salisbury 
observes,  that  plants  of  three  vears  old,  will,  on  an  average,  yield  thirty-«ix 
leaves,  besides  a  very  cou%\^«ts\)\eL  v[i^t«QA«  c^iC  off-sets ;  which  leaves  bong  cut 
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down,  at  the  time  of  clearing  the  quarters  in  the  autumUi  are  found  to  spring 
up  again  in  the  following  summer. 

Respecting  the  produce,  the  same  gentleman  states,  "  Six  leaves  have  pro- 
duced me  one  ounce  of  fibres,  when  scutched  perfectly  clean  and  drv ;  at  which, 
an  acre  of  land  planted  with  this  crop,  at  three  feet  distance  from  plant  to  plants 
will  yield  rather  more  than  sixteen  hundred  weight  per  acre,  which  is  a  very 
great  produce  compared  with  that  of  hemp  or  flax.  New  Zealand  flax  may  be 
scutched  with  little  labour  or  trouble,  and  may  be  performed  by  persons  in 
common.  The  leaves  should  be  cut  when  full  grown,  and  macerated  for  a  few 
days  in  stagnant  water,  and  then  passed  under  a  roller  machine  properly 
weighted ;  by  this  process  the  fibres  become  separated,  and  if  washed  in  a  run- 
ning stream,  will  instantly  become  white.  When  the  fibres  are  thus  scutched 
clean  and  dry,  any  kind  of  friction  will  cause  them  to  divide  into  any  degree  of 
fineness  in  the  harlef  so  far  eyen,  as  to  cottonize ;  whereby  it  is  fitted  to  all  the 
purposes  to  which  hemp  and  flax  are  adapted." 

1  his  plant  is,  at  present,  under  cultivation  in  several  parts  of  England  arid 
Wales.  It  will  grow  in  either  a  moist  or  a  dry  soil ;  on  a  hiU,  or  in  a  valley, 
but  most  luxuriously  where  there  is  an  abundance  of  moisture. 

New  Zealand  flax  has  at  length  become  one  of  our  established  manufactures, 
and  is  now  wrought  into  various  articles  of  commerce ;  every  improvement, 
therefore,  in  its  preparation,  that  will  economize  the  process,  and  extend  its 
useful  applications,  is  well  deserving  of  record.  Accordingly,  we  subjoin  an 
account  of  the  patent  granted  to  Mr.  J.  Holt,  jun.  of  Whitby,  in  Yorkshire, 
designed  with  those  views. 

In  the  manufacture  of  tarred  cordage,  the  chief  obstacle  to  the  employment 
of  that  strong  fibrous  vegetable  material,  known  by  the  term  of  New  Zealand 
flax,  (but  which  also  comes  from  Manilla,  and  other  parts  of  the  East,)  has  been 
the  apparent  impossibih'ty  of  making  the  fibres  absorb  or  unite  with  the  preser- 
vative fluid.  In  consequence,  the  chief  use  of  the  New  Zealand  flax  has  been 
confined  to  the  preparation  of  white  cordage.  The  patentee  informs  us  in  his 
specification,  that  he  has  discovered  that  the  ultimate  fibres  of  the  flax  are  com- 
bined and  enclosed  by  a  coating  of  adhesive  matter,  which  requires  the  applica- 
tion of  some  chemical  solvent  to  set  the  fibres  at  liberty,  and  adapt  them  to  the 
reception  of  tar ;  and  the  solvent  which  effects  this  object  completely  and  econo- 
mically, he  finds  to  be  a  weak  solution  of  potash  of  aoda.  His  process  is  as 
follows : — 

The  flax  having  been  heckled  and  spun  into  yarn  in  the  usual  manner,  is  in 
a  suitable  state  for  the  chemical  procedure ;  which  consists  in  immersing  it  in  a 
solution  of  potash  or  soda,  in  the  proportion  of  half  an  ounce  of  alkali  to  a  gallon 
of  water,  which  may  be  either  hot  or  cold.  When  the  flax  has  been  thus  sub- 
mitted to  the  action  of  the  alkali  for  forty-eight  hours,  it  is  to  be  taken  out, 
wrung,  and  hung  up  to  dry,  either  in  the  air  or  in  a  stove.  When  dried,  the  flax 
will  belound  adapted  to  imbibe  the  tar  as  readily,  and  hold  it  as  firmly,  as  the 
hemp  in  ordinary  use  ;  in  performing  which  process,  and  all  that  may  be  subse- 
quent, the  rope  manufacturer  need  make  no  variation  from  his  accustomed  pro- 
ceedings. There  is  likewise  included  in  Mr.  Holt's  patent,  some  improved 
mechanical  apparatus  for  depriving  the  New  Zealand  flax  of  the  bark  and  skin 
with  which  it  is  found  combined  in  the  commercial  state.  A  kind  of  grating, 
made  either  of  iron  or  wood,  is  provided,  consisting  of  a  range  of  parallel  bars, 
the  whole  forming  a  right-anglea  parallelogram,  having  its  two  opposite  longest 
sides  inclosed  by  vertical  boards.  The  bars  in  their  transverse  section  are 
tapered,  with  their  narrow  ends  or  sides  placed  upwards  in  this  frame ;  but 
another  similar  frame  of  bars,  which  is  made  to  fit  and  pass  over  the  former, 
has  its  bars  with  the  narrow  ends  or  sides  downwards ;  which  arrangement 
gives  the  respective  frames  of  bars  a  tendency  to  interlock  in  the  same  man- 
ner as  toothed  wheels ;  and,  therefore,  when  the  raw  flax  is  spread  upon  the 
lower  frame  of  parallel  bars,  and  the  upper  frame  duly  loaded,  is  laid  over  the 
flax,  and  passed  backwards  and  forwards,  a  powerful  and  uniform  rubbing  action 
is  produced  upon  the  flax,  which  opens  the  fibres,  while  it  separates  the  bark 
and  other  extraneous  matter,  which  falls  through  the  bar  of  the  lower  fixed 
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firame,  and  is  collected  underneath.  For  the  convenience  of  supplying  the  flas 
to  the  lower  frame,  the  latter  is  at  the  middle  divided  into  two  ^rtions  or  flaps, 
which  open  like  the  lids  of  boxes,  but  meet  together  when  down  with  serrated 
teeth,  for  the  purpose  (we  suppose)  of  holding  the  flax  in  its  place  whilst  being 
rubbedT 

ZEINE.  This  name  has  been  given  to  a  substance  obtained  by  Mr.  Gerham 
from  maize  or  Indian  com»  by  infusing  it  in  water,  then  filtering  and  treating  the 
undissolved  matter  with  alcohol,  and  evaporating  the  solution  effected  by  the  latter 
liquid.  He  thus  obtained  a  yellow  substance  having  the  appearance  of  wax, 
and  of  a  soft,  tough,  elastic  nature,  and  heavier  than  water  ;  resembling  gluten, 
yet  aflbrding  no  ammonia  by  decomposition. 

ZERO.  A  scientific  term  applied  to  the  commencement  of  a  scale,  and 
marked  with  an  O.  It  is  the  point  or  beginning  from  which  the  scale  or  distances 
{ure  graduated.  Thus,  the  zero  of  Fahrenheit  is  32*  below  the  freezing  point  of 
water.  In  the  centigrade  scale,  the  zero  is  made  that  of  freezing  water,  or  32<' 
of  our  scale. 

^IMOME.  The  gluten  of  wlieat  treated  by  alcohol  is  reduced  to  the  third 
part  of  its  bulk.  Tliis  diminution  is  owing,  not  merely  to  the  loss  of  gliadine, 
but  likewise  to  that  of  water.  The  residue  is  zimome,  which  may  be  obtained 
pure  by  boiling  it  repeatedly  in  alcohol,  or  by  digesting  it  iu  repeated  portions  of 
that  liquid  cold,  till  it  no  longer  gives  out  any  gliadine.  Zimome  is  found  in 
several  kinds  of  vegetables.  It  diflers  from  gluten  in  its  mode  of  fermentation, 
and  varies  in  that  respect  according  to  the  nature  of  the  substances  it  comes 
in  contact  with. —  Ure. 

ZINC.  A  metal  of  a  bluish-white  colour;  of  considerable  hardness,  and  so 
malleable,  when  pure,  as  not  to  be  broken  with  the  hammer,  though  it  cannot 
be  thus  much  extended.  It  is,  however,  easily  rolled  into  sheets,  by  the  flatting- 
mill  ;  and  in  this  state,  it  has  recently  been  brought  into  very  extensive  use,  in 
the  manufacture  of  pipes,  gutters,  and  a  great  variety  of  vessels  and  utensils. 
Its  specific  gravity  is  7.0.  In  a  temperature  of  from  210^  to  300°,  it  possesses 
so  much  ductility,  that  it  can  be  drawn  into  wire  as  well  as  laminated,  for  which 
process,  a  patent  was  granted  to  Messrs.  Hobson  and  Sylvester,  of  Shefiield. 

Zinc  melts  at  about  700**  Fahr. ;  by  continuing  to  raise  the  heat,  it  soon  after 
becomes  red  hot,  and  bums  with  a  dazzling  white  flame,  and  oxides  with  such 
rapidity,  as  to  fly  up  in  a  floculent  form,  which  is  called  the  flowers  of  zinc. 
When  these  are  urged  by  a  strong  fire,  they  are  converted  into  a  clear  yellow 
glass. 

In  the  ordinary  method  of  prC|niii'>g  the  sulphate  of  zinc,  or  spelter,  the  ore 
is  exposed  to  the  heat  of  a  furnace,  iu  a  itu-l ting-pot,  from  the  bottom  of  which, 
•a  pipe  descends  into  a  vessel  of  water,  for  the  purpose  of  receiving  the  metals 
as  they  are  melted,  and  for  condensing  such  portion  as  pass  oft'  in  the  form  of 
Tapour.  An  improvement  upon  this  mode  was  the  subject  of  a  patent,  about 
fifteen  years  ago ;  in  which  it  was  so  arranged,  that  as  the  zinc  volatilized,  the 
vapour  should  be  received  and  condensed  in  a  separate  vessel,  leaving  the  melted 
metal,  such  as  lead,  and  other  impurities,  in  the  former.  An  improvement  upon 
this  mode  of  operating,  was  lately  patented  by  Messrs.  Benecke  and  Shears; 
their  process  consists,  first,  in  a  peculiar  treatment  of  the  ore,  previous  to  its 
introduction  into  the  furnace;  and  secondly,  in^a  peculiar  arrangement  of  the 
retorts,  and  other  appendages,  by  which  a  more  convenient  mode  of  charging 
the  retorts  is  obtained,  and  a  purer  metal  is  the  result. 

The  ores  are  first  to  be  roasted  in  the  ordinary  way,  by  stratifying  them  with 
fuel,  and  setting  fire  to  the  pile.  The  ore  is  next  spread  out  in  the  air,  and 
lixiviated,  to  separate  the  sulphate  of  zinc ;  it  is  next  to  be  dried,  pulverized, 
and  roasted  a  second  time,  until  the  sulphur  is  extricated,  when  it  should  be 
powdered  again,  and  mixed  with  an  equal  quantity  of  carbonaceous  matters, 
such  as  powdered  coal,  charcoal,  cinders,  &c. ;  in  this  state,  it  is  to  be  saturated 
with  an  alkaline  ley,  or  a  solution  of  common  salt ;  the  solutions  varying  accord- 
ing to  the  nature  of  the  ore.  Calamine,  or  other  oxides  of  zinc,  wifi  require 
only  to  be  pulverized  and  calcined. 

With  the  orei  ]^ei^e^  «a  X^liot^  \iA\i^<();Mi^  the  retorts  Are  tcr  be  ch«i;ged« 


(ib«  rf  thoM  u  thown  in  ptnpcctive  at  «  in  the  annexed  figure ;  they  m  msila 
df  fire-claj,  or  of  tucb  euth  u  will  beit  lUnd  Ihe  beat  of  ihe  flimaee.  T6  tlw' 
front  end  of  theie  retort*  are  two  apertures :  the  upper  circular,  for  Ibe  reoeption  of 


the  neck  of  an  earthen  head-piece  b;  the  liiwtr,  il,  is  gqunrf,  for  cleanng  out 
(he  reiiduum  after  working,  which  is  closed  during  ihe  d  is  till  nl  ion,  by  a 
stopper,  and  luted.  Tlie  head-piece  lias  likewise  anoilier  tube  lilted  to  it,  and 
luted,  merely  for  the  purpose  of  lengthening  it  sufficiently 'lo  allow  the  vapour 
to  cool  BB  il  descenda,  and  lo  condense  upon  an  iron  plate  beneath,  oa  shown  in 
the  lowest  figure  in  the  diagram,  which  represents  a  cross  or  vertical  section  of 
II  rcverberatoTy  furnace,  in  which  a  double  row  of  such  retorts  may  be  supposed 
la  be  arranged,  with  a  long  aperture  between  them,  where  tlia  lire  is  eilualcd, 
ivlticli  rests  upon  .a  grating  over  an  arched  passage  that  communicates  with  the 
open  air  outside  the  building ;  Ibis  arched  passage  has  a  door,  by  the  opening 
niid  shutting  of  which  the  heat  of  the  furnace  is  regulated  as  may  be  required; 
nnd  througii  one  of  tlie  ends  of  this  long  passage  an  aperture  is  made  for 
supplying  the  futiiace  with  fuel.  The  earthen  head-pieces  i,  it  will  be  observed, 
liive  an  a]>e[ture  supplied  with  a  stopper;  tliruugh  these  openings  the  ore  and 
carbon,  prepared  as  before  mentioned,  arc  introduced  in  sufUcient  quantity,  by 
means  of  a  ladle,  into  the  body  of  the  retort,  when  the  apertures  are  closed  and 
luted.  The  operalioti  of  distillation  then  commences ;  Ihe  zinc,  which  rises  in 
vapour,  passes  into  the  head-piece  b,  down  the  pipe  c,  and  falls  upon  the  iron 
ptiLlea  lienealh,  in  a  condensed  state. 

By  the  arrangement  described,  the  heads  and  necks  of  each  retort  ere  placed  Jn 
a  square  recess  or  neck  by  itself,  by  wslls  built  out  between  them,  so  that  each 
may  be  perfectly  closed  in  by  a  door  from  wait  to  wait.  The  doors  ore  made  of 
latticed  wire  work,  for  the  purpose  of  holding  clav  when  plastered  over  them, 
far  the  purpose  of  effectually  confining  the  heat  within  the  furnace;  each  of  these 
(loon  has  a  central  eye-bole,  provided  also  with  a  stopper,  for  watching  the 
progress  of  the  operation,  and  for  enabling  the  workmen  to  determine  the  degree 
of  neat  to  be  applied,  and  other  circumstances.  By  another  arrangement  the 
before-mentioned  patentees  propose  lo  erect  furnaces  witli  several  tiers  of  cylin- 
drlcnl  retortA.  placed  one  above  another,  with  their  necks  or  heads  priijecling 
beyond  the  front  wnll.  The  fire-place  is  covered  by  a  low  arch,  to  prevent  the 
fnc  acting  too  violently  upon  the  towermoit  vessels ;  but  through  the  arch 
apertures  are  made  for  the  circulation  gf  the  heated  air  smong  the  vessel*  above. 


928  ZIRCONIA. 

The  caibonate  of  sine,  wbich  is  employed  as  a  wliite  pigment,  is  manufactured 
by  pouring  into  a  solution  of  zinc,  in  sulphuric  acid,  a  solution  of  carbonate  of 
ammonia,  and  afterwards  washing  and  drying  the  precipitate.  The  next  im- 
portant use  of  zinc  is  in  the  fabrication  of  those  useful  and  beautiful  alloys  with 
copper,  called  brass,  prince's  metal,  &c.     See  Alloy,  Copper,  Brass,  &c. 

Blende  is  the  native  sulphuret  of  zinc :  the  two  substances  are,  however, 
difficult  to  combine  artificially.  The  diluted  sulphuric  acid  dissolves  zinc,  giving 
out  much  heat  to  the  solvent,  while  hydrogen  escapes.  An  undissolved  residue 
is  left,  which  Proast  says,  is  a  mixture  of  arsenic,  lead,  and  copper.  The  white 
▼itriol,  or  white  copperas,  as  it  is  usually  termed,  is  crystallized  rapidly,  resem- 
bling loaf  sugar.  Sulphurous  acid  also  dissolves  zinc,  siilphuretted  nydrogen 
being  evolved.  Diluted  nitric  acid  rapidly  dissolves  zinc,  producing  much  heat, 
with  the  extrication  of  nitrous  gas.  Miu'iatic  acid  operates  violently  upon  zinc, 
disengaging  much  hydrogen.  The  phosphoric,  fluoric,  carbonic,  acetic,  suc- 
cinic, benzoic,  oxalic,  tartaric,  citric,  and  other  acids,  operate  upon  zinc,  with 
various  energy.  The  zinc  is  precipitated  from  its  acid  solutions,  by  means  of 
the  alkalies  and  soluble  earths;  the  former  re-dissolving  the  metal,  if  they  be 
in  excess.  Most  of  the  alloys  or  metallic  combinations  with  zinc,  have  already 
been  noticed  under  other  heads. 

ZIRCONIA.  A  metallic  substance,  discovered  in  the  jarzon  of  Ceylon,  by 
Klaproth,  in  1789,  It  unites  with  the  acids,  is  insoluble  in  the  pure  alkalies,  but 
Boluole  in  alkaline  carbonates.  It  does  not  melt  before  the  blowpipe,  but  emits 
a  yellow  phosphoric  li^ht.  Strongly  heated  for  several  hours  in  a  crucible,  it 
undergoes  a  species  of  fusion;  having  then  some  resemblance  to  porcelain, 
strikes  fire  with  steel,  scratches  glass,  and  has  a  specific  gravity  of  4.3. 
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